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Dear Conference Guests,

| would personally like to welcome you to the virtual DPG-Friihjahrstagung (DPG Spring Meeting) of the
DPG Divisions Biological Physics, Chemical and Polymer Physics, Dynamics and Statistical Physics and
Physics of Socio-Economic Systems (BP-CPP-DY-SOE).

| am very pleased that despite of the ongoing pandemic, we are able to hold this conference with an out-
standing programme to promote the communication and exchange that is so important for science, and is
invaluable especially for the next generation of physicists for the further scientific development and career
planning. Here young researchers can present their theses to a larger scientific audience for the first time
and enabling them to network with potential employers.

Our conference this year also shows the great potential for the innovation that currently lies undiscovered
within the DPG. Thanks to the extraordinary commitment of our members, new and digital formats for
events were developed and implemented in a very short time. These are not only temporary alternatives,
but they can also help to promote DPG events in the future — and thus the visibility of physics in politics
and the public.

For the success of this DPG Spring Meeting, | would like to express my sincere thanks to all those involved;
the participating divisions for organising the scientific programme, and also the Wilhelm and Else Herae-
us-Foundation for again generously supporting all DPG Spring Meetings. Furthermore, my special thanks
goes to the staff of the DPG Head Office.

Dr. Lutz Schroter

President of the
Deutsche Physikalische Gesellschaft e.V.
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Thematic Sessions and Mini-Symposia
Division Biological Physics (BP)

Active Biological Matter
Organisation:
Oliver Baumchen, Universitat Bayreuth
Stefan Klumpp, Universitat Goéttingen

Single molecule biophysics, Protein structure and dynamics
Organisation:
Ville Kaila, Stockholm University
Markus Zweckstetter, Max-Planck-Institut fiir Biophysikalische Chemie Géttingen

Cell Adhesion and Migration, Multicellular Systems
Organisation:
Jens Elgeti, Forschungszentrum Jiilich
Florian Rehfeld, Universitat Gottingen

Cell mechanics, Cytoskeletal filaments, Membranes and vesicles
Organisation:
Kerstin Gopfrich, Max-Planck-Institut fir medizinische Forschung Heidelberg
Benedikt Sabass, Ludwig-Maximilians-Universitdat Minchen
Ana-Suncana Smith, Friedrich-Alexander-Universitat Erlangen-Nirnberg

Systems biology, Evolution, Statistical and Computational Biophysics
Organisation:
Hannes Mutschler, Max-Planck-Institut fiir Biochemie Miinchen
Pawel Romanczuk, Humboldt-Universitat zu Berlin
Gunnar Schréder, Forschungszentrum Jiilich

Bioimaging and Biospectroscopy
Organisation:
Ulrike Alexiev, Freie Universitat Berlin
Katrin Heinze, Universitat Wirzburg

Focus Session: Cells in Microfluidics
Organisation:
Dmitry Fedosov, Forschungszentrum Jiilich
Oliver Otto, Universitat Greifswald

Focus Session: Stem Cells
Organisation:
Fabian Rost, Max-Planck-Institut fir Physik Komplexer Systeme Dresden
Steffen Rulands, Max-Planck-Institut fiir Physik Komplexer Systeme Dresden

Focus Session: Lipid-lipid phase separation in cells
Organisation:
Christoph Weber, Max-Planck-Institut fiir Physik Komplexer Systeme Dresden
David Zwicker, Max-Planck-Institut fir Dynamik und Selbstorganisation Gottingen

Thematic Sessions and Mini-Symposia
Division Chemical and Polymer Physics (CPP)

Charged Soft Matter
Organisation:
Joachim Dzubiella, Albert-Ludwigs-Universitat

Complex fluids
Organisation:
Christine Papadakis, Technische Universitat Miinchen



Molecular Electronics
Organisation:
Derck Schlettwein, Justus-Liebig-Universitat Gieen

Perovskites
Organisation:
Eva M. Herzig, Universitat Bayreuth

Theory & Simulation
Organisation:
Jens-Uwe Sommer, Leibniz-Institut fiir Polymerforschung Dresden

Wetting
Organisation:
Stefan Karpitschka, Max-Planck-Institut fiir Dynamik und Selbstorganisation

Thematic Sessions and Mini-Symposia
Division Dynamics and Statistical Physics (DY)

Statistical Physics, Nonequilibrium Phenomena and Stochastic Thermodynamics
Organisation:
Barbara Drossel, Technische Universitat Darmstadt
Sabine Klapp, Technische Universitat Berlin
Thomas Speck, Johannes Gutenberg-Universitat Mainz

Fluid Physics of Turbulence, Convection and Life
Organisation:
Stephan Weiss, Max-Planck-Institut fliir Dynamik und Selbstorganisation
Michael Wilczek, Max-Planck-Institut fiir Dynamik und Selbstorganisation

Active Matter and Microswimmers
Organisation:
Carsten Beta, Universitat Potsdam
Andreas Menzel, Otto-von-Guericke Universitat Magdeburg
Holger Stark, Technische Universitat Berlin

Complex Fluids, Soft Matter and Microfluidics
Organisation:
Uwe Thiele, Westfélische Wilhelms-Universitat Miinster

Nonlinear Dynamics and Pattern Formation
Organisation:
Azam Gholami, Max-Planck-Institut fir Dynamik und Selbstorganisation

Brownian Motion and Anomalous Transport
Organisation:
Ralf Metzler, Universitat Potsdam

Granular Physics
Organisation:
Matthias Sperl, Deutsches Zentrum fir Luft- und Raumfahrt (DLR)

Glasses and Glass Transition
Organisation:
Andreas Heuer, Westfalische Wilhelms-Universitat Miinster



Thematic Sessions and Mini-Symposia
Division Physics of Socio-Economic Systems (SOE)

COVID-19 pandemics through the lens of physics
Organisation:
Fakhteh Ghanbarnejad
Philipp Hovel, Technische Universitat Berlin

Data Analytics for Complex Dynamical Systems

Data Science in Biological and Interdisciplinary Physics
Partial Synchronization in Networks

Opinion Formation

Financial Markets and Risk Management

Economic Models and Evolutionary Game Theory
Transport, Urban and Regional Systems

Social Dynamics

Networks: from Structure to Dynamics

Programme
The scientific programme consists of 584 contributions:

34 Invited talks
319 Talks
231 Posters



Information for Participants
The virtuell conference will be held in the period 22-24 March, 2021

Conference Information

Conference Location
Web-based Conference - Login information will be provided a few days before the event starts.

Conference Time Zone
All times are in Central European Time (CET)

Conference Website
https://bpcppdysoe21.dpg-tagungen.de/

Conference Office
The virtual conference office is open during all breaks for questions about the conference. You will find it
on the conference platform under the ,Welcome” tab immediately after signed up.

Conference Platform functionalities

Supported Browsers
Google Chrome is currently the most stable and reliable browser for using the conference platform.

Firefox and Safari are browsers that should work but often less performant. The support staff is highly
trained in resolving Google Chrome issues. If you are using a different browser than Google Chrome, we
cannot provide in-depth troubleshooting support for you.

Joining the Event
To join an event space, you must first sign up and attend the event. All you have to do is visiting the event
landing page and follow these steps.

= Step 1
Click on ,Attend event”. You will then be prompted to sign up.

= Step2
Once you signed up, go back to the event space and click ,Enter event space”to join the event.

Navigating during the Event
To navigate on the conference platform you simply have to select the floor (1.) and then click on either
,~JOIN“(2.) or ,OPEN".

+~JOIN“ means you are joining a video call or joining a stage. Once you hover on a button a small tooltip
gives some more details.

»,OPEN" will open a popup with embedded websites, PDFs, or similar.
Test Browser Video Chat before the Event
If you want to test our default browser video chat before the event starts, you can visit the following page

here: http://test.meetanyway.com . Here you simply have to click the green button ,Join meeting”.

You can also invite your colleagues to that link and test together. Please note that you might meet other
people, who test at the same time as you do.



Deutsche Physikalische Gesellschaft @ DPG

Jetzt bewerben!
DPG-Mentoring-Programm und Leading for Tomorrow

An der Schwelle zum Berufseinstieg bietet die DPG zwei besondere Programme an,
gerade wenn der Berufseinstieg eventuell in Industrie und Wirtschaft erfolgen soll.

| é&werbungszeitraum 1. bis 31. Marz

Weitere Infos unter. www.mentoring_L4T.dpg-physik.de




Meet the Speaker

In the header you will find the ,meet-the-speaker“-rooms of the four divisions (BP, CPP, DY, SOE). In these
rooms, the respective speakers are listed sorted by lecture number. There you have the opportunity to dis-
cuss with the speakers and ask questions.

Notice Board

All changes regarding the schedule of the conference will be updated currently. The information is iden-
tical to the programme updates of the scientific programme and available at the scientific programme in
other formats as well (ordered by publication date, filterable by conference part and as an rss-feed). Please
use the form at https./bpcppdysoe21.dpg-tagungen.de/programm/notice-board-form to submit amend-
ments, cancellations, etc.

Wilhelm and Else Heraeus Communication Programme

Within this programme, the active participation by young DPG members — from Germany and abroad - at
the virtual DPG-Friihjahrstagungen (DPG Spring Meetings) is financially supported.

For the virtual DPG Spring Meetings, the conference fee (and exclusively the “early bird rate”) is subsidised
at 100 % (submission of an application was open until 28 February 2021. Subsequent applications are un-
fortunately not possible). After the conference, your participation in the conference will be checked on the
basis of the login data and the funding will be finally confirmed or rejected if no participation took place.

Payment will be made — after prior notification by e-mail — by the end of April 2021 at the latest by bank
transfer to the account you specified in your application.

The Deutsche Physikalische Gesellschaft thanks the Wilhelm and Else Heraeus Foundation for the gener-
ous financial support of young academic talents. We hope that young physicists will continue to seize the

offered opportunity for active scientific communication at scientific conferences. A total of about 35,000
young academics were supported by this programme so far.

Social Events

Annual General Meetings of the Divisions:

Division Date Room
Biological Physics Division (BP) Tuesday, 23 March 2021, 18:30 BPa
Physics of Socio-economics Physics (SOE) Tuesday, 23 March 2021, 19:00 SOEa

The DPG on Instagram

Since the anniversary year 2020 the DPG is presenting an inspiring personality or an everyday physical phe-
nomenon on Instagram (@dpgphysik) every day. Who inspires you? What fascinates you? Submit online
suggestions for the 175 Inspirers and the 175 Impulses.

You can find the entries at http://175inspirierende.dpg-physik.de and http://175impulse.dpg-physik.de.
Contact: 175inspirierende@dpg-physik.de or impulse@dpg-mail.de.

Acknowledgement

The Deutsche Physikalische Gesellschaft (DPG) wants to thank the Wilhelm and Else Heraeus-Foundation,
Hanau, and all staff who make the success of the conference possible.
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Synopsis of the Daily Programme

Monday, March 22, 2021

BP
Invited Talks
09:40 BPa BP 1.3 Cyclic Strain Steers Animal Cells
*Rudolf Merkel
09:00 BPb BP 2.1 The tortoise and hare: how moving slower allows groups of bacteria to
spread across surfaces
Oliver Meacock, Amin Doostmohammadi, Kevin Foster, Julia Yeomans, *Willi-
am Durham
14:40 BPa BP 7.3 Towards the mechanical characterization of neuronal network formation
Paulina Wysmolek, Florian Huhnke, Katja Salbaum, Joachim Spatz, «Fried-
helm Serwane
14:00 BPc BP 9.1 From individual to collective intermittent motion: from bacteria to sheep
*Fernando Peruani
Sessions
09:00 BPa BP 1 Cell Mechanics |
09:00 BPb BP 2 Active Biological Matter |
09:00 BPc BP 3 Focus Physics of Stem Cells
11:00 BPa BP 4 Cell Mechanics I
11:00 BPb BP 5 Active Biological Matter Il
11:00 BPc BP 6 Systems Biology |
14:.00 BPa BP 7 Cell Mechanics llI
14:00 BPb BP 8 Bioimaging and Biospectroscopy
14:00 BPc BP9 Systems Biology I
14:00 DYp BP 10 Posters DY — Fluid Physics, Active Matter, Complex Fluids, Soft Matter and
Glasses
16:30 BPp BP 11 Poster A: Single Molecule, Multicellular, Bioimaging, Focus Sessions, etc.
CPP
Invited Talks
11:00 CPPa CPP 2.6 Singlet fission in blends of organic semiconductors
+Katharina Broch, Clemens Zeiser, Luca Moretti, Chad Cruz, Giulio Cerullo,
Roel Tempelaar, Christopher Bardeen
14:00 CPPa CPP 2.11 Small, but highly effective: Functional molecules in polymer devices
+Ulrike Kraft
11:00 CPPb CPP 3.5 Liquid-liquid Dewetting: From Spinodal Breakup to Dewetting Morphologies
and Rates
+Ralf Seemann, Roghayeh Shiri, Stefan Bommer, Dirk Peschka, Sebastian
Jachalski, Lenoie Schmeller, Barbara Wagner
14:00 CPPb CPP 3.10 Sinking droplet durotaxis and engulfment
*Anne Juel
Sessions
08:50 CPPa CPP1 Welcome
09:00 CPPa CPP2 Molecular Electronics — organized by Derck Schlettwein (Justus Liebig Uni-
versity Giessen, Giessen)
09:00 CPPb CPP3 Wetting — organized by Stefan Karpitschka (Max Planck Institute for Dyna-
mics and Self-Organization, Goéttingen)
09:00 BPb CPP 4 Active Biological Matter |
11:.00 BPb CPP5 Active Biological Matter Il
16:30 CPPp CPP6 Poster Session | — Molecular Electronics and Wetting

11



Monday, March 22, 2021

DY

Invited Talks

09:00 DYc DY 4.1 X-ray tomography investigation of cyclically sheared granular materials
*Yujie Wang

10:.00 DYa DY 7.1 Can convective heat transport be more efficient than the so-called ,ultimate’
regime?
+Basile Gallet

16:00 DYb DY 15.1 Glassy physics: from liquids to living cells
+Liesbeth Janssen
Sessions

09:00 CPPb DY 1 Wetting — organized by Stefan Karpitschka (Max Planck Institute for Dyna-
mics and Self-Organization, G&ttingen)

09:00 DvYa DY 2 Fluid Physics 1 - organized by Stephan Weiss and Michael Wilczek (Géttin-
gen)

09:00 DYb DY 3 Statistical Physics 1 — organized by Barbara Drossel (Darmstadt), Sabine
Klapp (Berlin) and Thomas Speck (Mainz)

09:00 DYc DY 4 Invited Talk: Yujie Wang (Shanghai)

09:00 BPb DY 5 Active Biological Matter |

09:30 DYc DY 6 Granular Physics 1 — organized by Matthias Sperl (K&In)

10:00 Dva DY 7 Invited Talk: Basile Gallet (Saclay)

11:.00 DYa DY 8 Fluid Physics 2 - organized by Stephan Weiss and Michael Wilczek (Géttin-
gen)

11:00 DYb DY 9 Statistical Physics 2 — organized by Barbara Drossel (Darmstadt), Sabine
Klapp (Berlin) und Thomas Speck (Mainz)

11:00 DYc DY 10 Granular Physics 2 — organized by Matthias Sperl (K&In)

11:00 BPb DY 11 Active Biological Matter Il

14:00 DYp DY 12 Posters DY - Fluid Physics, Active Matter, Complex Fluids, Soft Matter and
Glasses

15:00 DYc DY 13 Granular Physics 3 — organized by Matthias Sperl (K&In)

16:00 DYa DY 14 Microfluidics and Droplets — organized by Uwe Thiele (Miinster)

16:00 DYb DY 15 Invited Talk: Liesbeth Janssen (Eindhoven)

16:30 DYb DY 16 Statistical Physics 3 - organized by Barbara Drossel (Darmstadt), Sabine
Klapp (Berlin) and Thomas Speck (Mainz)

SOE

Invited Talks

09:00 SOEa SOE 1.1 Mathematical modelling of COVID-19: dynamics and containment
*Yuliya Kyrychko

11:.00 SOEa SOE 1.5 data-driven modeling of COVID-19 pandemic
*Yamir Moreno
Sessions

09:00 SOEa SOE 1 COVID-19 pandemics through the lens of physics (org.: Fakhteh Ghanbarne-
jad and Philipp Hovel)

14:00 SOEa SOE 2 Networks and Social Dynamics

17:30 SOEp SOE 3 Poster

12
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Tuesday, March 23, 2021

BP
Invited Talks
09:00 BPa BP 12.1 Molecular simulation meets cryo electron tomography
*Gerhard Hummer
09:40 BPb BP 13.3 Active behaviors of cellular monolayers.
*Benoit Ladoux
14:.00 BPa BP 21.1 Predicting Protein and RNA Structures: from statistical physics to machine
learning
+Alexander Schug
15:.00 BPc BP 23.4 Synthetic cells: De novo assembly with microfluidics and DNA nanotechnology
Kerstin Gopfrich
Sessions
09:00 BPa BP 12 Single Molecule Biophysics |
09:00 BPb BP 13 Multicellular Systems |
09:00 BPc BP 14 Focus Phase Separation in Biological Systems |
09:30 DYa BP 15 Active Matter 1 — organized by Carsten Beta (Potsdam), Andreas Menzel
(Magdeburg) and Holger Stark (Berlin)
11:.00 BPa BP 16 Single Molecule Biophysics Il
11:00 BPb BP 17 Multicellular Systems I
11:00 BPc BP 18 Cell Mechanics IV
11:.00 DYa BP 19 Active Matter 2 — organized by Carsten Beta (Potsdam), Andreas Menzel
(Magdeburg) and Holger Stark (Berlin)
12:.00 BPc BP 20 Focus Biological Cells in Microfluidics |
14:00 BPa BP 21 Systems Biology llI
14:.00 BPb BP 22 Focus Phase Separation in Biological Systems
14:00 BPc BP 23 Focus Biological Cells in Microfluidics Il
16:00 BPp BP 24 Poster B: Active Biological Matter, Cell Mechanics, Systems Biology, Com-
putational Biophysics, etc.
17:45 BPb BP 25 Nationale Forschungsdateninfrastruktur (NDFI)
18:30 BPa BP 26 Annual General Meeting of the Biological Physics Division
CPP
Invited Talks
11:.00 CPPa CPP 7.5 Ultrafast spectroscopy of charge and structural dynamics in hybrid perovskites
*Felix Deschler
14:00 CPPa CPP7.9 Structural dynamics of halide perovskites via in-situ electron microscopy
*Chen Li
09:00 CPPb CPP 8.1 Polymer Micelles with Crystalline Cores: confinement effects, molecular
exchange kinetics and mechanical response
Nico Koenig, Lutz Willner, *Reidar Lund
11:00 CPPb CPP 8.4 Dynamic behaviour of anisotropic magnetic particles in suspensions
+Sofia Kantorovich
Sessions
09:00 CPPa CPP7 Perovskites — organized by Eva M. Herzig (University of Bayreuth, Bayreuth)
09:00 CPPb CPP 8 Complex Fluids — organized by Christine M. Papadakis (Technical University
of Munich, Garching)
09:00 BPc CPP9 Focus Phase Separation in Biological Systems |
09:30 DYa CPP 10 Active Matter 1 — organized by Carsten Beta (Potsdam), Andreas Menzel
(Magdeburg) and Holger Stark (Berlin)
11:.00 DYa CPP 11 Active Matter 2 — organized by Carsten Beta (Potsdam), Andreas Menzel
(Magdeburg) and Holger Stark (Berlin)
14:.00 BPb CPP 12 Focus Phase Separation in Biological Systems |l
14:30 DYc CPP 13 Complex Fluids and Soft Matter 3
16:30 CPPp CPP 14 Poster Session Il — Complex Fluids and Perovskites
17:45 BPb CPP 15 Nationale Forschungsdateninfrastruktur (NDFI)

14



Tuesday, March 23, 2021

DY

Invited Talks

09:00 DvYa DY 18.1 Reinforcement learning of microswimmer chemotaxis using genetic algorithms
*Andreas Zottl, Benedikt Hartl, Maximilian Hiibl, Gerhard Kahl

10:.00 DYc DY 22.1 Stability and dynamics of convection in dry salt lakes
Lucas Goehring, Jana Lasser, Marcel Ernst, Matthew Threadgold, Cédric
Beaume, Steven Tobias

14:.00 DYa DY 27.1 Human exhaled particles from nanometres to millimetres
*Gholamhossein Bagheri

14:00 DYc DY 29.1 Fingers, fractals, and flow in liquid metals
«Karen Daniels

15:40 DYb DY 31.1 Fixation and ancestry of competing species growing on a rugged front
*Mehran Kardar
Sessions

09:00 CPPb DY 17 Complex Fluids — organized by Christine M. Papadakis (Technical University
of Munich, Garching)

09:00 DYa DY 18 Invited Talk: Andreas Z6ttl (Vienna)

09:00 DYb DY 19 Statistical Physics 4 - organized by Barbara Drossel (Darmstadt), Sabine
Klapp (Berlin) and Thomas Speck (Mainz)

09:00 DYc DY 20 Nonlinear Dynamics 1 — organized by Azam Gholami (Géttingen)

09:30 DYa DY 21 Active Matter 1 — organized by Carsten Beta (Potsdam), Andreas Menzel
(Magdeburg) and Holger Stark (Berlin)

10:00 DYc DY 22 Invited Talk: Lucas Goehring (Nottingham)

11:.00 DYa DY 23 Active Matter 2 — organized by Carsten Beta (Potsdam), Andreas Menzel
(Magdeburg) and Holger Stark (Berlin)

11:00 DYb DY 24 Dynamics and Statistical Physics — Open Session

11:00 DYc DY 25 Nonlinear Dynamics 2 — organized by Azam Gholami (Géttingen)

11:.00 SOEa DY 26 Data Analytics for Complex Dynamical Systems (joint SOE/DY Focus Session)

14:.00 DYa DY 27 Fluid Physics 3 — organized by Stephan Weiss and Michael Wilczek (Gottingen)

14:.00 DYb DY 28 Statistical Physics 5 — organized by Barbara Drossel (Darmstadt), Sabine
Klapp (Berlin) and Thomas Speck (Mainz)

14:.00 DYc DY 29 Invited Talk: Karen Daniels (Raleigh)

1430 DYc DY 30 Complex Fluids and Soft Matter 1 — organized by Uwe Thiele (Miinster)

15:40 DYb DY 31 Invited Talk: Mehran Kardar (Boston)

16:30 DYp DY 32 Posters DY — Statistical Physics, Brownian Motion and Nonlinear Dynamics

17:45 BPb DY 33 Nationale Forschungsdateninfrastruktur (NDFI)

SOE

Sessions

11:00 SOEa SOE 4 Data Analytics for Complex Dynamical Systems (joint SOE/DY Focus Session)

14:00 SOEa SOE 5 Financial and Economic Systems and Evolutionary Game Theory

17:45 BPb SOE 6 Nationale Forschungsdateninfrastruktur (NDFI)

19:00 SOEa SOE 7 Annual General Meeting of the Physics of Socio-economic Systems Division

15



Wednesday, March 24, 2021

BP
Sessions
09:00 DYb BP 27 Active Matter 3 — organized by Carsten Beta (Potsdam), Andreas Menzel
(Magdeburg) and Holger Stark (Berlin)
11:00 DYb BP 28 Active Matter 4 — organized by Carsten Beta (Potsdam), Andreas Menzel
(Magdeburg) and Holger Stark (Berlin)
14:30 DYb BP 29 Active Matter 5 — organized by Carsten Beta (Potsdam), Andreas Menzel
(Magdeburg) and Holger Stark (Berlin)
CPP
Invited Talks
09:00 CPPa CPP 16.1 Charging Dynamics and Structure of lonic Liquids in Nanoporous Supercapa-
citors
+Christian Holm, Konrad Breitsprecher, Svyatoslav Kondrat
11:.00 CPPa CPP16.4 Interaction of polyelectrolytes with proteins
*Matthias Ballauff
09:00 CPPb CPP17.1 Data-driven methods in polymer physics: exploring the sequence space of
copolymers
*Marco Werner
11:40 CPPb CPP17.6 Structure formation in drying films and droplets
+Arash Nikoubashman, Michael Howard, Michael Kappl, Hans-Jiirgen Butt
Sessions
09:00 CPPa CPP 16 Charged Soft Matter — organized by Joachim Dzubiella (Albert Ludwigs Uni-
versity Freiburg, Freiburg)
09:00 CPPb CPP 17 Theorie and Simulation — organized by Jens-Uwe Sommer (Leibniz-Institut
fiir Polymerforschung Dresden, Dresden)
09:00 DYa CPP 18 Complex Fluids and Soft Matter 1
09:30 DYc CPP 19 Glasses and Glass Transition 1
11:00 DYa CPP 20 Complex Fluids and Soft Matter 2
11:00 DYc CPP 21 Glasses and Glass Transition 2
16:30 CPPp CPP 22 Poster Session Il — Charged Soft Matter and Theory and Simulation
DY
Invited Talks
10:00 DYa DY 35.4 When surface viscosities rule: Bubble relaxation and thin film wrinkling
+Kirsten Harth
09:00 DYc DY 37.1 Physical properties of ultrastable computer-generated glasses
+Ludovic Berthier
14:00 DYb DY 44.1 Life in a tight spot: How bacteria swim in complex spaces
*Sujit Datta
14:00 DYc DY 45.1 Small diffusive systems warm up faster than they cool down
Alessio Lapolla, *Aljaz Godec
Sessions
09:00 CPPb DY 34 Theorie and Simulation — organized by Jens-Uwe Sommer (Leibniz-Institut
fur Polymerforschung Dresden, Dresden)
09:00 DYa DY 35 Complex Fluids and Soft Matter 2 — organized by Uwe Thiele (Miinster)
09:00 DYb DY 36 Active Matter 3 — organized by Carsten Beta (Potsdam), Andreas Menzel
(Magdeburg) and Holger Stark (Berlin)
09:00 DYc DY 37 Invited Talk: Ludovic Berthier (Montpellier)
09:00 SOEa DY 38 Partial Synchronization in Networks (Focus Session joint with DY and BP)
09:30 DYc DY 39 Glasses and Glass Transition 1 — organized by Andreas Heuer (Miinster)
11:00 DVYa DY 40 Complex Fluids and Soft Matter 3 — organized by Uwe Thiele (Miinster)
11:00 DYb DY 41 Active Matter 4 — organized by Carsten Beta (Potsdam), Andreas Menzel

(Magdeburg) and Holger Stark (Berlin)
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BP
11:.00 DYc DY 42 Glasses and Glass Transition 2 — organized by Andreas Heuer (Miinster)
14:00 DYa DY 43 Pattern Formation — organized by Azam Gholami (Gé&ttingen)
14:.00 DYb DY 44 Invited Talk Sujit S. Datta (Princeton)
14:00 DYc DY 45 Brownian Motion and Anomalous Transport — organized by Ralf Metzler
(Potsdam)
14:30 DYb DY 46 Active Matter 5 — organized by Carsten Beta (Potsdam), Andreas Menzel
(Magdeburg) and Holger Stark (Berlin)
SOE
Sessions
09:00 SOEa SOE 8 Partial Synchronization in Networks (Focus Session joint with DY and BP)
11:00 SOEa SOE9 Opinion Formation
13:00 SOEa SOE 10 Transport, Regional and Urban Dynamics
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Overview of Invited Talks and Sessions

Invited Talks
BP13 Mon  9:40-10:10 BPa  Cyclic Strain Steers Animal Cells — «RUDOLF MERKEL
BP2.1 Mon  9:00- 9:30 BPb The tortoise and hare: how moving slower allows groups of bacteria to spread across
surfaces — OLIVER MEACOCK, AMIN DOOSTMOHAMMADI, KEVIN FOSTER, JULIA YEOMANS,
*WiLLiAM DURHAM
BP73 Mon 14:40-15:10 BPa  Towards the mechanical characterization of neuronal network formation — PAuLINA
WYSMOLEK, FLORIAN HUHNKE, KATJA SALBAUM, JOACHIM SPATZ, «FRIEDHELM SERWANE
BP9.1 Mon 14:00-14:30 BPc  From individual to collective intermittent motion: from bacteria to sheep — «FERNANDO
PERUANI
BP12.1 Tue 9:00- 9:30 BPa  Molecular simulation meets cryo electron tomography — «GERHARD HUMMER
BP13.3 Tue 9:40-10:10 BPb  Active behaviors of cellular monolayers. — «BENOIT LADOUX
BP21.1 Tue  14:00-14:30 BPa  Predicting Protein and RNA Structures: from statistical physics to machine learning —
*ALEXANDER SCHUG
BP23.4 Tue  15:00-15:30 BPc  Synthetic cells: De novo assembly with microfluidics and DNA nanotechnology —
*KERSTIN GOPFRICH
Sessions
BP1.1-1.4 Mon  9:00-11:00 BPa  Cell Mechanics I
BP2.1-24 Mon  9:00-11:00 BPb  Active Biological Matter I (joint session BP/DY/CPP)
BP 3.1-3.4 Mon  9:00-11:00 BPc  Focus Physics of Stem Cells
BP 4.1-4.6 Mon 11:00-13:30 BPa  Cell Mechanics II
BP 5.1-5.6 Mon 11:00-13:30 BPb  Active Biological Matter II (joint session BP/CPP/DY)
BP 6.1-6.6 Mon 11:00-13:30 BPc  Systems Biology I
BP7.1-7.5 Mon 14:00-16:30 BPa  Cell Mechanics III
BP 8.1-8.6 Mon 14:00-16:30 BPb  Bioimaging and Biospectroscopy
BP 9.1-9.5 Mon 14:00-16:30  BPc Systems Biology II
BP 10.1-10.22 Mon 14:00-16:30 DYp  Posters DY - Fluid Physics, Active Matter, Complex Fluids, Soft Matter and Glasses
(joint session DY/BP)
BP11.1-11.41 Mon 16:30-19:00 BPp Poster A: Single Molecule, Multicellular, Bioimaging, Focus Sessions, etc.
BP12.1-12.4  Tue 9:00-11:00 BPa  Single Molecule Biophysics I
BP13.1-13.4  Tue 9:00-11:00 BPb  Multicellular Systems I
BP 14.1-144  Tue 9:00-11:00 BPc  Focus Phase Separation in Biological Systems I (joint session BP/CPP)
BP 15.1-15.3  Tue 9:30-10:30 DYa  Active Matter 1 - organized by Carsten Beta (Potsdam), Andreas Menzel (Magde-
burg) and Holger Stark (Berlin) (joint session DY/BP/CPP)
BP 16.1-16.6  Tue  11:00-13:30 BPa  Single Molecule Biophysics II
BP17.1-17.6  Tue  11:00-13:30 BPb  Multicellular Systems II
BP18.1-183  Tue  11:00-12:00 BPc Cell Mechanics IV
BP19.1-19.6  Tue  11:00-13:00 DYa  Active Matter 2 - organized by Carsten Beta (Potsdam), Andreas Menzel (Magde-
burg) and Holger Stark (Berlin) (joint session DY/BP/CPP)
BP20.1-20.3  Tue  12:00-13:30 BPc  Focus Biological Cells in Microfluidics I
BP21.1-21.4  Tue  14:00-16:00 BPa Systems Biology I11
BP22.1-22.4  Tue  14:00-16:00 BPb  Focus Phase Separation in Biological Systems II (joint session BP/CPP)
BP 23.1-234  Tue  14:00-16:00 BPc  Focus Biological Cells in Microfluidics II
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BP 24.1-24.50
BP 25

BP 26

BP 27.1-27.5
BP 28.1-28.6

BP 29.1-29.4

Tue
Tue
Tue
Wed
Wed

Wed

16:00-18:30
17:45-18:30
18:30-19:00

9:00-10:40
11:00-13:00

14:30-15:50

BPp
BPb
BPa
DYb
DYb

DYb

Poster B: Active Biological Matter, Cell Mechanics, Systems Biology, Computa-
tional Biophysics, etc.

Nationale Forschungsdateninfrastruktur (NDFI) (joint session BP/CPP/DY/SOE)
Annual General Meeting

Active Matter 3 - organized by Carsten Beta (Potsdam), Andreas Menzel (Magde-
burg) and Holger Stark (Berlin) (joint session DY/BP)

Active Matter 4 - organized by Carsten Beta (Potsdam), Andreas Menzel (Magde-
burg) and Holger Stark (Berlin) (joint session DY/BP)

Active Matter 5 - organized by Carsten Beta (Potsdam), Andreas Menzel (Magde-
burg) and Holger Stark (Berlin) (joint session DY/BP)

Annual General Meeting of the Biological Physics Division

Tue 18:30-19:00 BPa
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Biological Physics Division (BP)

Monday

Sessions
— Invited Talks, Contributed Talks, and Posters —

BP 1: Cell Mechanics |

Time: Monday 9:00-11:00

BP1.1 Mon9:00 BPa
Pulling, failing and adaptation of macrophage filopodia — <ALEXANDER
RoHRBACH and REBECCA MICHIELS — Bio- und Nano-Photonik, Universitit
Freiburg
Macrophages are cells of the immune system, which use filopodia to connect
to pathogens and withdraw them towards the cell body for phagocytosis. The
withdrawal of living targets requires to overcome counteracting forces, which
the cell generates after a mechanical stimulus is transmitted to the filopodium.
Adaptation to mechanical cues is an essential biological function of cells, but
it is unclear whether optimization strategies are essential for filopodia pulling.
We use optically trapped beads as artificial targets and interferometric particle
tracking to investigate factors contributing to filopodia performance. We find
that bead retractions are interrupted by sudden failure events caused by mechan-
ical rupture of the actin-membrane connection. Filopodia resume pulling only
milliseconds after ruptures by reconnecting to the actin backbone. Remarkably,
we see a gradual increase of filopodia force after failures, which points towards
a previously unknown adaptation mechanism. Fluorescence microscopy reveals
that particles are transported in a stop-and-go behavior with the actin retrograde
flow via a force-dependent linker at the filopodium tip. Additionally, we see that
the strength of the attachment between bead and filopodium increases under
load, a characteristic of catch bond adhesion proteins. Our findings show how
mechanical adaptation enable macrophage cells to optimize their performance
under load.

BP1.2 Mon9:20 BPa
The dynamics of burst-like collective migration in 3D cancer spheroids
— oSWETHA RAGHURAMANI, RAPHAEL WITTKOWSKIZ, and Timo Berz! —
Institute of Cell Biology, ZMBE, Miinster, Germany — “Center for Soft
Nanoscience
Collective migration of cells is a striking behavior observed during morphogen-
esis, wound healing and cancer cell invasion. Spherical aggregates of cells are
known to migrate in 3D matrices like collagen, matrigel or fibronectin in-vitro.
Although biochemical signaling is a main research focus, the biophysical proper-
ties of the spheroid leading to an invasion is less explored. We observe a striking
phenotypical difference when HeLa cervical cancer spheroids were embedded in
different concentrations of collagen I matrices. HeLa spheroids in lower collagen
concentration (LCC) 0.5 mg/ml, displayed an explosion invasion-like behavior
within 6 hours, while those in higher collagen concentration (HCC) 2.5 mg/ml
were consistently growing over 48 hours, without any invasion like behavior. The
migration dynamics of cells in HCC were more fluid-like with lower velocity as
compared to the burst-like phenotype in LCC, which showed higher velocity
and super diffusive characteristics. We hypothesize that in LCC, spheroids gen-
erate an increased pressure due to a volume increase when they fail to engage
rigid ECM contacts because of the soft environment. The volume increase then
pushed the cells into the soft regions of the ECM, which tends to be inhomoge-
neous at the LCC. We believe that such mechanical interplay can pave the way to
understand migration behavior of cancer cells with respect to their biophysical
properties.

Location: BPa

Invited Talk BP 13 Mon9:40 BPa
Cyclic Strain Steers Animal Cells — «RupOLF MERKEL — Forschungszentrum
Jiilich, IBI-2 Mechanobiology, 52428 Jiilich, Germany

Throughout the organism, all tissue cells experience mechanical strain, e.g. due
to the pulsating blood flow. Cells recognize, process, and act upon this signal. To
study this mechanoresponse we applied well-defined mechanical strain cyclically
to cultivated cells [1]. Cellular mechanoresponses were quantified via reorienta-
tion of cytoskeletal fibers. In cultivated endothelial cells we compared responses
of actin, microtubules, and vimentin using a correlation-based algorithm and
observed distinctly different ordering dynamics and amplitudes [2].

Even though the rigid skull protects the brain, it experiences intense mechan-
ical deformations. Therefore we studied mechanoresponses of primary neurons
from cortices of rat embryos. We observed a pronounced reorientation of neu-
ronal dendrites upon cyclic strain and found a surprising mechanical resilience
of these cells that survived even several days of uniaxial, cyclic stretching at an
amplitude of 28% and a frequency of 300 mHz [3]. Moreover, results on neu-
ronal activity and on the mechanobiology of further cell types of the brain will
be shown.

[1] U. Faust et al., PLOS ONE 6, 28963 (2011).

[2] R. Springer et al., PLOS ONE 14, €0210570 (2019)

[3] J.-A. Abraham et al., Langmuir 35, 7423 (2019)

BP14 Mon10:10 BPa
Elucidating cell mechanics regulators from mechano-transcriptomic data
using discriminative network analysis — «MARTA URBANSKAI’Z, YAN GEI,
MARIA WINZIl, SHADA ABUHATTUMI’Z, MAIK HERBIGl’Z, MARTIN KRATERI’Z,
NicoLE TC')PFNERI, ANNA TAUBENBERGERl, CARLO V. CANNISTRACII, and
JocHEN Guck? — 'BIOTEC, TU Dresden, Dresden, Germany — 2Max Planck
Institute for the Science of Light, Erlangen, Germany
Mechanical properties of cells determine their capability to perform many physi-
ological functions, such as migration, differentiation or circulation through vas-
culature. Identifying molecular factors that govern the mechanical phenotype
is therefore a subject of great interest. Here we present an approach that en-
ables establishing links between mechanical phenotype changes and the genes
responsible for driving them. In particular, we employ a discriminative network
analysis method termed PC-corr to associate cell mechanical states, measured
by real- time deformability cytometry, with large-scale transcriptomic datasets
across different biological systems. We obtain a conserved module of five tar-
get genes and validate their capacity to discriminate between soft and stiff cell
states in silico, obtaining AUC-ROC values of 72-94%. We then show experi-
mentally that the top scoring gene, CAV1, changes the mechanical phenotype
of cells when silenced or overexpressed. The data-driven approach presented
here has the power of de novo identification of genes involved in cell mechanics,
thereby extending the toolbox for tuning the mechanical properties of cells on
demand to enable biological function or prevent pathologies.

30 min. Meet the Speaker & coffee break

BP 2: Active Biological Matter I (joint session BP/DY/CPP)

Time: Monday 9:00-11:00

Invited Talk BP2.1 Mon9:00 BPb
The tortoise and hare: how moving slower allows groups of bacteria to spread
across surfaces — OLIVER MEAcOCK?, AMIN DOOSTMOHAMMADI®, KEVIN
FosTER!, JuLia Yeomans!, and sWiLLIAM DURHAM " — 1University of Oxford,
United Kingdom — *University of Sheffield, United Kingdom — University of
Copenhagen, Denmark

Bacteria use tiny grappling hook like appendages called pili to pull themselves
across solid surfaces. While pili-based motility has been widely studied in soli-
tary Pseudomonas aeruginosa cells, this species also uses pili to collectively mi-
grate across surfaces when they are densely packed together in a colony. Interest-
ingly, we find genotypes that individually move slower can collectively migrate
faster as a group. Using theory developed to study liquid crystals, we demon-
strate that this effect is mediated by the physics of topological defects, points
where cells with different orientations meet one another. Our analyses reveal

22

Location: BPb

that when defects with a topological charge of +1/2 collide with one another, the
fast-moving mutant cells rotate vertically and become trapped. By moving more
slowly, wild-type cells avoid this trapping mechanism, allowing them to collec-
tively migrate faster. Our work suggests that the physics of liquid crystals has
played a pivotal role in the evolution of collective bacterial motility by exerting
a strong selection for cells that exercise restraint in their movement.

Full paper in Nature Physics available free of charge at: https://rdcu.be/cbcgc

BP2.2 Mon9:30 BPb
Light-regulated cell aggregation in confinement *ALEXANDROS
FRAGKOPOULOS', JEREMY VACHIERI, JOHANNES FREYI, FLORA-MAUD LE
MENNI, MARcoO MAZZAI’Z, MICHAEL WILCZEKI, Davip ZWICKERI, and
OLver BiumcHEN — 'Max Planck Institute for Dynamics and Self-
Organization (MPIDS), D-37077 Géttingen, Germany — 2Department of



Biological Physics Division (BP)

Monday

Mathematical Sciences, Loughborough University, Loughborough, Leicester-
shire LE11 3TU, United Kingdom — 3Experimental Physics V, University of
Bayreuth, D-95447 Bayreuth, Germany

Photoactive microbes live in complex environments with spatially and tempo-
rally fluctuating light conditions. They survive in such habitats by switching their
metabolic activity from photosynthesis to aerobic respiration in unfavorable light
conditions. We demonstrate that this adaptation in a suspension of soil-dwelling
Chlamydomonas reinhardtii cells under confinement leads to a spontaneous sep-
aration into regions of high and low cell densities. We show that the inhibition
of the photosynthetic machinery is necessary but insufficient to generate the
observed aggregation. Microfluidic experiments, simulations, and mean-field
theory approaches demonstrate that the emergence of microbial aggregations is
governed by the oxygen concentration field inside the microhabitat. In fact, in
regions where the energy production is completely arrested by both, the photo-
synthetic and respiratory systems, the cell speed decreases resulting in an aggre-
gation, which thus takes the form of the underline oxygen field.

BP2.3 Mon9:50 BPb
Emergent activity of motile phytoplankton in nutrient landscapes —
*JAYABRATA DHAR, FRANCESCO DANZA, ARKAJYOTI GHOSHAL, and ANUPAM
SENGUPTA — Physics of Living Matter Group, Department of Physics and Mate-
rials Science, University of Luxembourg, 162 A, Avenue de la Faencerie, L-1511,
Luxembourg City, Luxembourg
Despite their minuscule size, microbes mediate a range of processes in ecology,
medicine, and industrial settings that span orders of nutrient concentrations.
Yet, to date, we lack a biophysical framework that could link nutrient availabil-
ity to phytoplankton behavior and predict the impact of dynamic nutrient con-
ditions on motility. Using a combination of micro-scale imaging, microbiology
and fluid dynamic models, we quantify how nutrient availability regulates motil-

ity, at both individual and population scales [1]. We extract the time-scales over

which phytoplankton actively regulate swimming and morphological character-

istics, thus shedding light on the finely tuned biophysical mechanisms that equip

cells to tackle spatial and temporal heterogeneity of nutrient landscapes. Our re-

sults propose local nutrient levels as a handle to control the activity of motile phy-

toplankton species, promising an exciting model of tunable motile active matter.
[1] Danza, Dhar, Ghoshal and Sengupta (in prep.)

BP2.4 Mon 10:10 BPb
Chemotaxis strategies of bacteria with multiple run-modes — ZAHRA
ALIREZAEIZAN]ANII’Z, *ROBERT GROSSMANNI, VERONIKA PFEIFERI, MARIUS
HINTSCHEI, and CArsTEN Beta! — !Institute of Physics and Astronomy, Uni-
versity of Potsdam, 14476 Potsdam, Germany — *Max Planck Institute of Col-
loids and Interfaces, 14476 Potsdam, Germany
Bacterial chemotaxis - a fundamental example of directional navigation in the
living world - is key to many biological processes, including the spreading of
bacterial infections. Many bacterial species were recently reported to exhibit
several distinct swimming modes - the flagella may, for example, push the cell
body or wrap around it. How do the different run modes shape the chemotaxis
strategy of a multi-mode swimmer? Here, we investigate chemotactic motion of
the soil bacterium Pseudomonas putida as a model organism. By simultaneously
tracking the position of the cell body and the configuration of its flagella, we
demonstrate that individual run modes show different chemotactic responses
in nutrition gradients and thus constitute distinct behavioral states. Based on
an active particle model, we demonstrate that switching between multiple run
states that differ in their speed and responsiveness provide the basis for robust
and efficient chemotaxis in complex natural habitats.

30 min. Meet the Speaker

BP 3: Focus Physics of Stem Cells

Time: Monday 9:00-11:00

BP3.1 Mon9:00 BPc
How Tissue Microenvironment Impacts Pluripotent Cell Differentiation —
*ALLYSON QUINN Ryan'?, DIANA ALVES-AFONsO’, JACQUELINE M. TABLER',
and CarL D. Mopes"> — ! Max Planck Institute for Molecular Cell Biology and
Genetics — *Center for Systems Biology Dresden
The importance of stem cell population maintenance throughout both devel-
opment and adulthood has been evident for several decades. Classically, how
these populations are regulated is investigated through genetic and cell biolog-
ical studies. However, work in recent years has shown forces exerted by and
through tissue microenvironments to be of equal importance as molecular and
transcriptional profiles to cell potency and identity. Here we show that collagen
organization and tissue stiffness of the midline suture, a stem cell like niche in
the cranial mesenchyme, is distinct from that of adjacent tissues. Surprisingly,
Lamin A/C nuclear envelope expression is higher in suture than bone, despite the
soft nature of the tissue. When collagen crosslinking is perturbed, Lamin A/C
localization patterns, nuclear morphology and neighbor relationships within the
suture are significantly altered. These results point towards a framework of non-
cellular tissue entities and collective organization influencing the maintenance
of potency in developmental tissues.

BP3.2 Mon9:20 BPc
Robustness and timing of cellular differentiation through population
based symmetry-breaking — ANGEL STANOEV', DHRUV RAINA', CHRISTIAN
ScHROTER', and sANETA Koseska? — 'Department of Systemic Cell Biology,
Max Planck Institute of Molecular Physiology, Dortmund — Cellular compu-
tations and learning, caesar, Bonn
During mammalian development, cell types expressing mutually exclusive ge-
netic markers are iteratively differentiated from a multilineage primed state. The
current dynamical framework of differentiation, single-cell multistability, how-
ever requires that initial conditions in the multilineage primed state are appro-
priately controlled to result in robust proportions of differentiated fates.

We propose a fundamentally different dynamical treatment in which cellular
identities emerge and are maintained on population level, as a novel unique so-
lution of the coupled system. We show that the subcritical organization of such
a coupled system close to the bifurcation point enables symmetry-breaking to
be triggered by cell number increase in a timed, self-organized manner. Robust
cell type proportions are thereby an inherent feature of the resulting inhomoge-
neous solution. In accordance with this theory, we demonstrate experimentally
that a population-based mechanism governs cell differentiation in an embryonic
stem cell model for an early lineage decision of mammalian embryogenesis. Our
results therefore suggest that robustness and accuracy can emerge from the co-
operative behavior of growing cell populations during development.
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BP3.3 Mon9:40 BPc
Inference of emergent spatio-temporal processes from single-cell sequenc-
ing reveals feedback between de novo DNA methylation and chromatin con-
densates — eFABRIZIO OLMEDAl, Tim LOHOFFZ, STEPHEN CLARKZ, LAURA
BENSONZ, FELIX KRUEGERZ, WoLF REIK2’3, and STEFFEN RULANDsl’4 — "Max
Planck Institute for the Physics of Complex Systems, Dresden, Germany — >The
Babraham Institute, Cambridge, UK — 3Universi'[y of Cambridge, Cambridge,
UK — “Center for Systems Biology Dresden, Dresden, Germany
Recent breakthroughs in single-cell genomics allow probing molecular states of
cells with unprecedented detail along the sequence of the DNA. Biological func-
tion relies, however, on emergent processes in the three-dimensional space of
the nucleus, such as droplet formation through phase separation. Here, we use
single-cell multi-omics sequencing to develop a theoretical framework to rigor-
ously map epigenome profiling along the DNA sequence onto a description of
the emergent spatial dynamics in the nucleus. We show how DNA methylation
patterns of the embryonic genome are established through the interplay between
spatially correlated DNA methylation and topological changes to the DNA. This
feedback leads to the predicted formation of condensates of methylated DNA.
Our work provides a general framework of how mechanistic insights into emer-
gent processes underlying cell fate decisions can be gained by the combination
of single-cell multi-omics and methods from theoretical physics.

BP 3.4 Mon 10:00 BPc
Competition for stem cell fate determinants as a mechanism for tissue home-
ostasis — eDAVID J. ](jRGl’z, Yu KITADATE3’4, SHOSEI YOSHIDA3’4, and BEN-
jamiN D, Simons'? — ! Cavendish Laboratory, University of Cambridge, Cam-
bridge CB3 OHE, UK — 2Gurdon Institute, University of Cambridge, Cambridge
CB2 1QN, UK — *Division of Germ Cell Biology, National Institute for Basic Bi-
ology, National Institutes of Natural Sciences, Okazaki, Japan — 4Department of
Basic Biology, School of Life Science, Graduate University for Advanced Studies
(Sokendai), Okazaki, Japan — *Department of Applied Mathematics and The-
oretical Physics, Centre for Mathematical Sciences, University of Cambridge,
Wilberforce Road, Cambridge CB3 0OWA, UK
Stem cells maintain tissues by generating differentiated cell types while simul-
taneously self-renewing their own population. The mechanisms that allow stem
cell populations to control their density, maintain robust homeostasis and re-
cover from injury remain elusive. Motivated by recent experimental advances,
here we develop a robust mechanism of stem cell self-renewal based on competi-
tion for diffusible fate determinants. We show that the mechanism is character-
ized by signature dynamic and statistical properties, from stem cell density fluc-
tuations and transient large-scale oscillation dynamics during recovery, to scal-
ing clonal dynamics and front-like boundary propagation. We suggest that com-
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petition for fate determinants provides a generic mechanism by which stem cells
can self-organize to achieve density homeostasis in an open niche environment.
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BP41 Mon11:00 BPa
Stochastic bond dynamics induce optimal alignment of malaria parasite —
*ANIL KUMAR DASANNA, SEBASTIAN HILLRINGHAUS, GERHARD GOMPPER, and
DmiTrY FEDOSOV — Theoretical Physics of Living Matter, IBI-5 and IAS-2,
Forschungszentrum Jiilich, Germany
Merozoites, malaria parasites during the blood-stage of infection, invade healthy
red blood cells (RBCs) to escape from the immune system and multiply inside
the host. The invasion occurs only when the parasite apex is aligned with RBC
membrane, making the parasite alignment a crucial step for the invasion. Re-
cent experiments have also demonstrated that there is a considerable membrane
deformation during the alignment process. In this work, using mesoscopic sim-
ulations we assess the exact roles of RBC deformations and parasite adhesion
during the alignment. Using coarse-grained models of a deformable RBC and a
rigid parasite, we show that both RBC deformation and parasite adhesion bond
dynamics are important for an optimal alignment. By calibrating the parasite’s
motion properties against experiments, we show that simulated alignment times
match quantitatively the experimental alignment times. We find that the stochas-
tic nature of adhesion bond kinetics is the key for inducing optimal alignment
times. We also show that alignment times increase drastically for rigid RBC
which signifies that parasite invasion is less probable into already infected RBC
and that membrane deformations during the parasite alignment. Finally, we will
demonstrate the importance of parasite shape in the alignment process.

BP42 Mon11:20 BPa
Mechano-chemical interactions in a one-dimensional description of intra-
cellular reaction-diffusion systems — ¢ALEXANDER ZIEPKE and ERWIN FREY
— Arnold Sommerfeld Center for Theoretical Physics, Ludwig-Maximilians-
Universitiat Miinchen, Germany
The understanding of self-organization processes in biological systems repre-
sents a key challenge in the field of theoretical biology. There are various studies
on reaction-diffusion (RD) models in a single spatial dimension (1D) that give
insights on the fundamental behavior of pattern formation in biological systems
[1]. However, effects of a spatial confinement, e.g. the cell geometry, are not
captured by most of the 1D models. With our new approach we bridge this gap
between biological systems in a spatio-temporally varying confinement and sim-
ple 1D-RD equations. On the basis of an asymptotic perturbation analysis, we
reduce the dimensionality of the confined system [2]. The resulting description
incorporates the effects of mechano-chemical coupling and, therefore, extends
significantly the applicability of 1D models beyond free dynamics on straight
lines. Studying the derived equation for mass-conserving RD systems with in-
teracting membrane-bound and cytosolic species, we find conditions for geom-
etry induced pattern formation. Moreover, mechano-chemical interactions can
lead to a feedback between RD kinetics and a deformation of the cell membrane,
giving rise to a variety of interesting phenomena.

[1] J. Halatek and E. Frey, Nat. Phys., 14, 507 (2018)
[2] A. Ziepke, S. Martens, and H. Engel, J. Chem. Phys., 145, 094108 (2016)

BP 4.3 Mon11:40 BPa
Stochastic model of T Cell repolarization during target elimination — ¢Ivan
Hornak and HEIKo RIEGER — Saarland University, Dep. Theoretical Physics,
Center for Biophysics
Cytotoxic T lymphocytes (T) and natural killer cells are the main cytotoxic killer
cells of the human body to eliminate pathogen-infected or tumorigenic cells (tar-
get cells). Once a T or NK cell has identified a target cell, they form a tight con-
tact zone, the immunological synapse (IS). One then observes a rotation of the
microtubule (MT) cytoskeleton and a movement of the microtubule organizing
center (MTOC) to the center of the IS. Since the mechanism of this relocation
remains elusive, we devise a theoretical model for the molecular motor driven
motion of the MT cytoskeleton. We analyze the cortical sliding and the capture-
shrinkage mechanisms currently discussed in the literature and compare quan-
titative predictions about the spatio-temporal evolution of the MTOC position
and spindle morphology with experiments. The model predicts the experimen-
tally observed biphasic nature of the repositioning process. We confirm that
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the capture-shrinkage mechanism is dominant over the cortical sliding mecha-
nism when MTOC and IS are initially diametrically opposed and inferior to the
cortical sliding in other configurations. We find that the two mechanisms act
synergistically reducing the resources necessary for repositioning. When two IS
are present, the MTOC undergoes irregular transitions between the two IS and
we determine the dependency of the dwell times and transition frequency on the
dynein density for both mechanisms.

BP4.4 Mon 12:00 BPa
Virus motility - Ifluenza’s spike protein dynamics as a self-organized motor —
eFaLko ZI1EBERT! and IGor Kuric®? — !Institute for Theoretical Physics, Hei-
delberg University, D-69120 Heidelberg, Germany — 2Institut Charles Sadron
UPR22-CNRS, F-67034 Strasbourg, France — >Institute Theory of Polymers,
Leibniz-Institute of Polymer Research, D-01069 Dresden, Germany
Directed self-sustained motion is a hallmark of life employed by both eukary-
otic cells and bacteria. While viruses are commonly believed to be just passive
agents, influenza has recently been shown to actively move across glycan-coated
surfaces, mimicking those of to be infected host cells. Starting from known prop-
erties of influenza’s spike proteins, we develop a physical model. It predicts a
collectively emerging dynamics of spike proteins and surface bound ligands that
combined with the virus’ geometry give rise to self-organized rolling propul-
sion. We show that in contrast to most Brownian ratchets, the rotary spike drive
is not fluctuation driven but operates optimally as a macroscopic engine in the
deterministic regime. The mechanism also applies to man-made analogues like
DNA-monowheels and should give guidelines for their optimization.

BP 4.5 Mon 12:20 BPa
Thermodynamics of caveolae formation and mechanosensing — «NILADRI
SarkAR" and PIERRE SENS® — 1Instituut—Lorentz, Universiteit Leiden, P.O. Box
9506, 2300 RA Leiden, Netherlands. — 2Laboratoire Physico Chimie Curie, In-
stitut Curie, CNRS, 75005 Paris, France.
Caveolae are invaginations in cell membranes formed by proteins in the caveolin
and cavin family self-aggregating in the membrane to form buds. These buds also
have some proteins from the EHD family aggregating at their necks. We have de-
veloped a two component equilibrium model for the thermodynamics of these
bud formation process using energy considerations, where the caveolin proteins
are considered as one component and the neck proteins are taken to be another.
We have found that depending on the surface tension of the membrane, the line
tension associated with the different proteins and the concentration of the dif-
ferent proteins, invaginations of different shapes and sizes can be obtained, and
there can be a transition from a fully budded state to a non-budded state via a
partial budded state. Also neck proteins are found to provide extra mechano-
protection against disassembly due to surface tension.

BP 4.6 Mon 12:40 BPa
Erythrocyte-erythrocyte aggregation dynamics under shear flow — «MEHDI
ABBASI', ALEXANDER FARUTIN', HaMID EZ—ZAHRAOUYZ, ABDELILAH
BENYOUSSEFS, and CHAOUQI MisBar' — 'Univ Grenoble Alpes, CNRS, LI-
Phy, F-38000 Grenoble, France — 2LaMCScl, Faculty of Sciences, Mohammed
V University of Rabat, Rabat 1014, Morocco — 3Hassan II Academy of Science
and Technology, Rabat 10220, Morocco
In a previous work [Blood cells, molecules, and diseases 25, 339 (1999)], it has
been shown that the Red blood cells (RBCs) aggregation process starts by the
formation of RBC doublets. In this work we study, by means of numerical simu-
lations, the dynamics of RBCs doublets under shear flow and the impact on rhe-
ology. We present a rich phase diagram of RBCs doublets configurations showing
features never evoked before. In particular, we show that RBCs doublet may be
robust even for very high shear stress compromizing oxygen delivery to organs
and tissues. A link to pathological conditions (several common blood diseases)
is highlighted.
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BP5.1 Mon11:00 BPb
Chiral stresses in nematic cell monolayers — sLupwiG A. HorrMaNN', KOEN
SCHAKENRAADI’Z, ROELAND M. H. MERK52’3, and Luca Gromr! — !Instituut-
Lorentz, Leiden University, The Netherlands — 2Mathematical Institute, Lei-
den University, The Netherlands — >Institute of Biology, Leiden University, The
Netherlands
Recent experiments on monolayers of spindle-like cells have provided a con-
vincing demonstration that certain types of collective phenomena in epithelia
are well described by active nematic hydrodynamics. While recovering some
of the predictions of this framework, however, these experiments have also re-
vealed unexpected features that could be ascribed to the existence of chirality
over length scales larger than the typical size of a cell.

We elaborate on the microscopic origin of chiral stresses in nematic cell mono-
layers and investigate how chirality affects the motion of topological defects, as
well as the collective motion in stripe-shaped domains. We find that chirality
introduces a characteristic asymmetry in the collective cellular flow, from which
the ratio between chiral and non-chiral active stresses can be measured. Further-
more, we find that chirality changes the nature of the spontaneous flow transition
under confinement and that, for specific anchoring conditions, the latter has the
structure of an imperfect pitchfork bifurcation.

BP52 Mon11:20 BPb
Developmentally driven self-assembly of living chiral crystals — s ALEXANDER
MIETKEI, Tzer HaN TAN2, Hugna HIGINBOTHAMZ, YucHAO CHENZ, PE-
TER FOSTERZ, SHREYAS GOKHALEZ, JORN DUNKELI, and Nikta FAKHRI? —
1Department of Mathematics, Massachusetts Institute of Technology, Cam-
bridge, MA — *Department of Physics, Massachusetts Institute of Technology,
Cambridge, MA
The emergent dynamics exhibited by self-organizing collections of living organ-
isms often shows signatures of symmetries that are broken at the single-organism
level. At the same time, early organism development itself is accompanied by a
sequence of symmetry breaking events that eventually establish the body plan.
Combining these key aspects of collective phenomena and embryonic develop-
ment, we describe here the spontaneous formation of hydrodynamically stabi-
lized active crystals made of hundreds of starfish embryos during early devel-
opment. As development progresses and embryos change morphology, crystals
become increasingly disordered and eventually stop forming. We show that these
structures exhibit distinct macroscopic chiral features as a direct consequence of
the embryo’s chiral swimming properties. We introduce a hydrodynamic near-
field model that quantitatively describes the formation and rotation of crystals,
as well as the emergence of long-lived chiral deformation waves, all of which
can be understood as consequences of broken symmetries on the single-embryo
level.

BP5.3 Mon11:40 BPb
Thin-Film Model of Resting and Moving Active Droplets — <FENNA
STEGEMERTENI, SARAH TRINSCHECKI’Z, KARIN ]OHNZ, and Uwe TaieLE® —
nstitut fiir Theoretische Physik, Westfilische Wilhelms-Universitit Miinster,
Miinster, Germany — 2Université Grenoble-Alpes, CNRS Laboratoire Inter-
disciplinaire de Physique, Grenoble, France — °Center for Nonlinear Science
(CeNoS), Westfilische Wilhelms-Universitit Miinster, Miinster, Germany
We propose a long-wave model for free-surface drops of polar active liquid on a
solid substrate. The coupled evolution equations for the film height and the local
polarization profile are written in the form of a gradient dynamics supplemented
with active stresses and fluxes. A wetting energy for a partially wetting liquid is
incorporated allowing for motion of the liquid-solid-gas contact line. This gives
a consistent basis for the description of drops of dense bacterial suspensions or
compact aggregates of living cells on solid substrates. As example, we analyze
the dynamics of active drops and demonstrate how active forces compete with
passive surface forces to shape droplets and drive contact line motion. We per-
form parameter continuation in the activity parameters discussing both, resting
and moving droplets. Additional direct time simulations investigate transitions
from non-uniformly to uniformly polarized as well as resting to moving states.

BP54 Mon 12:00 BPb
Sedimentation and Convection of Bottom-Heavy Squirmers — *FELIX RUHLE,
JAN-TiMM KUHR, and HOLGER STARK — TU Berlin, Institut fiir Theoretische
Physik, Berlin, Germany
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Active particles form appealing patterns, in particular, when hydrodynamic in-
teractions are present [1-3]. A fascinating example known from biology is bio-
convection of microswimmers under gravity [4]. In order to study such systems,
we simulate bottom-heavy squirmers (neutral squirmers, pushers, and pullers)
under different gravitational forces and torques [3]. The relevant parameters
are the ratio of swimming to bulk sedimentation velocity « and the normalized
torque.

In the state diagram of these parameters, for neutral squirmers at low o we
observe sedimentation states, where bottom-heaviness leads to the formation of
clusters of different sizes. For high «, finite torques lead to inverted sedimenta-
tion. In between, we identify plumes of collectively sinking squirmers that feed
convective rolls of circling squirmers at the bottom of the simulation cell. At
a 2 1 and large torques squirmers form a spawning cluster above the wall, from
which squirmers occasionally escape. For strong pushers and pullers, we find
that the dipolar flow fields weaken the formation of plumes and convective rolls.

[1] M. Hennes, et al., PRL 112, 238104 (2014)

[2] H. Jeckel, et al., PNAS 116, 1489 (2019).

[3] E. Riihle, and H. Stark, Eur. Phys. J. E 43, 26 (2020).

[4] T.J. Pedley, and J.O. Kessler, Annu. Rev. Fluid Mech. 24, 313 (1992).

BP5.5 Mon 12:20 BPb
Microscopic scattering of pusher particles in complex environments —
*THERESA JAKUSZEIT', SAMUEL BELL?, and OTTAVIO A. CROZE! — !Cavendish
Laboratory, JJ Thomson Avenue, CB3 OHE, Cambridge, United Kingdom —
*Laboratoire Physico Chimie Curie, Institut Curie,PSL Research University,
CNRS UMR168, 75005 Paris, France
Active propulsion as performed by bacteria and Janus particles, in combination
with hydrodynamic interaction at boundaries, can lead to the breaking of time
reversibility. One typical example of this is the accumulation of bacteria on a
flat wall. However, in microfluidic devices with cylindrical pillars of sufficiently
small radius, self-propelled particles can slide along the surface of a pillar with-
out becoming trapped over long times. This non-equilibrium scattering process
can result in large diffusivities even at high obstacle density, unlike particles that
undergo classical specular reflection, as in the Lorentz gas. We experimentally
study the non-equilibrium scattering as well as the long-term diffusive transport
of pusher-like particles by tracking wild-type and smooth-swimming mutants
of the model bacterium Escherichia coli in microfluidic obstacle lattices. We re-
late the determined parameters of the scattering process to previously proposed
models and discuss their relevance. Finally, we discuss the potential interpreta-
tion of the role of tumbles in the scattering process.

BP5.6 Mon 12:40 BPb
Swimming behavior of squirmer dumbbells and polymers — «JubpiT CLOPES
LrLaHf, GERHARD GOMPPER, and ROLAND G. WINKLER — Theoretical Soft Mat-
ter and Biophysics, Institute for Advanced Simulation and Institute of Complex
Systems, Forschungszentrum Jiilich, D-52425 Jiilich, Germany
Nature provides a plethora of microswimmers, which can be rather elongated,
filament- or polymer-like. Examples are bacteria swarmer cells or marine phy-
toplankton dinoflagellates assembling in a linear fashion. In order to address
the relevance of hydrodynamic interactions for the collective behavior of such
organisms, we study the swimming properties of linear polymer-like assemblies
by mesoscale hydrodynamic simulations, where an active unit (monomer) is de-
scribed by a spherical squirmer — which can be a pusher, a neutral swimmer,
or a puller. We find that the monomer hydrodynamic flow field leads to corre-
lations in the relative orientation of adjacent monomers, and consequently the
swimming efficiency differs from that of active Brownian linear assemblies. In
particular, puller dumbbells and chains show a pronounced increase in the ro-
tational diffusion coefficient compared to pushers, while for neutral squirmers,
the rotational diffusion coefficient is similar to that of active Brownian particles.
Hence, the large-scale conformational and dynamical properties depend on the
specific propulsion mechanism. Refs.: J. Elgeti, R. G. Winkler, G. Gompper, Rep.
Prog. Phys. 78, (2015). R. G. WinKkler, J. Elgeti, G. Gompper, J. Phys. Soc. Jpn.
86, (2017). J. Clopés, G. Gompper, R. G. Winkler, Soft Matter 16, 10676 (2020).

30 min. Meet the Speaker



Biological Physics Division (BP)

Monday

BP 6: Systems Biology |

Time: Monday 11:00-13:30

BP6.1 Mon11:00 BPc
Ligation Chain Reactions in Non-Equilibrium Convection Compartments
with Microscale pH Cycles — ¢« ANNALENA SALDITT, DIETER BRAUN, PATRICK
KubDELLA, and LEONIE KARR — Ludwig-Maximilians-Universitét
Early replication mechanisms for the origin of life rely on periodic strand sep-
aration to start new rounds of replication necessary to stabilize and accumulate
information of long nucleic acids. Especially for catalytically active RNAs, high
temperatures required for strand separation promote their hydrolysis, leading to
aloss of information. Therefore, a geophysical non-equilibrium environment on
early Earth would have required means to separate hybridized strands after repli-
cation and to localize long, potentially functional molecules against diffusion
while protecting them from hydrolysis. We perform ligation extension experi-
ments in moderate temperature gradients across micrometer thick, water-filled
chambers with a water-CO2 interface to induce a miniaturized water cycle while
maintaining thermophoretic trapping conditions. In addition to more realistic
early atmospheric conditions of the Earth, the CO2-water interface causes pe-
riodic pH changes, that induce the hybridization of double strands. We expect
this to be a promising autonomous setting for ligation chain reactions starting
from a random or semi-random oligomer pool.

BP6.2 Mon 11:20 BPc
The effects of cross-species gene transfer on genome dynamics — ¢MoNA
FﬁRSTERI, ISABEL RATHMANNI, JEFFREY POWERZ, MELIH YI"JKSELI, and
BERENIKE MATER! — !Universitit zu Koln, Deutschland — 2Universitit Tiibin-
gen, Deutschland
Phylogenetic studies have provided strong evidence that gene transfer happens
frequently and acts across species. However, the rate at which gene transfer oc-
curs and its short-term effect on genome dynamics are poorly understood. To
address the effect of intra- and inter-species gene transfer on genome dynamics
we developed an evolution experiment and analysis method to detect horizontal
gene transfer. To investigate mechanistic contributions to gene transfer proba-
bility, we ensured minimal selection by not allowing for population dynamics.
We were able to detect a remarkably high gene transfer rate of 0.4 %h ™' across
subspecies of Bacillus subtilis. This rate was four times lower when gene trans-
fer was probed between B. subtilis and Bacillus vallismortis and 125 times lower
between B. subtilis and Bacillus atrophaeus. Interestingly, the average sequence
divergence of integrated segments is comparable between all three donors with a
mean of about 7 %. We observed that the fraction of replaced genome increases
linearly throughout 40 h of DNA uptake, which suggests that transfer of genes,
is not yet saturated and could be probed further in evolutionary runs. Following
up on this, it will be interesting to use the fitness distribution of the minimal
selection replicates to design an evolution experiment with strong selection.

BP 6.3 Mon 11:40 BPc
Genetically engineered control of phenotypic structure in microbial colonies
— ePHILIP BITTIHN1’4, ANDRIY DIDOVYK1’5, Lev S. TSIMRINGI, and JEFF
Hasty"*?* — 'BioCircuits Institute — 2Department of Bioengineering —
*Molecular Biology Section, Division of Biological Sciences, University of Cali-
fornia, San Diego, La Jolla, CA, USA — “Department of Living Matter Physics,
Max Planck Institute for Dynamics and Self-Organization, Géttingen, Germany
— >Vertex Pharmaceuticals, San Diego, California, USA
Many essential biological behaviors originate from an entanglement of biological
(cellular) and physical processes. This is a challenge not only for traditional bi-
ology and physics methodology, but also for synthetic biology, where such inter-
actions severely limit the ability to engineer desired behavior with artificial gene
regulatory networks. We show how to achieve control of phenotypic structure
in bacterial microcolonies by simultaneously exploiting internal gene expression
and metabolism, as well as physical coordination through nutrient diffusion and
growth, which leads to self-generated nutrient gradients and a heterogeneous
population consisting of both dividing and dormant cells. In microfluidic exper-
iments and a mathematical model, we show that gene circuits which sense and
control growth can create a spatio-temporal feedback loop via nutrient trans-
port and generate sustained growth oscillations, while a phenotype-specific lysis
circuit can selectively eliminate dormant cells. Our results demonstrate how to
understand and control multicellular substrates as complex active physical sys-
tems.
Reference: Nature Microbiology 5, 697-705 (2020)
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BP 6.4 Mon 12:00 BPc
Dynamics, Statistics and Coding in Random Rate and Binary Networks
— oTOBIAS Ki'JHNl’z’3, CHRISTIAN KEUP2’3, DaviD DAHMENZ, and MoRITZ
Herias>® — 'MSC de 'Université de Paris, ENS, CNRS, Paris, France — 2INM-
6, Forschungszentrum Jillich, Germany — >Department of Physics, RWTH
Aachen, Germany
Cortical neurons communicate with spikes, discrete events in time. Functional
network models often employ rate units that are continuously coupled by analog
signals. Is there a benefit of discrete signaling? By a unified mean-field theory for
large random networks of rate and binary units, we show that both models can
be matched to have identical statistics up to second order. Their stimulus pro-
cessing properties, however, are different: contrary to rate networks, the chaos
transition in binary networks strongly depends on network size, and we discover
a chaotic submanifold in binary networks that does not exist in rate models. Its
dimensionality increases with time after stimulus onset and reaches a fixed point
that depends on the synaptic coupling strength. Low-dimensional stimuli are
transiently expanded into higher-dimensional representations that live within
the manifold. We find that classification performance first increases and then
degrades due to variability in the manifold. During this transient, resilience to
noise by far exceeds that of rate models with matched statistics, which are always
regular. In their respective chaotic regime, however, rate networks show similar
a mechanism of transient signal amplification, same for spiking networks [Keup
et al. arXiv:2002.11006]. Ack.: Helmholtz assn. (VH-NG-1028); RWTH (ERS
seed fund neuroIC002).

BP 6.5 Mon 12:20 BPc
Long-range and rapid signalling gradient formation by cell-to-cell relay —
«JoHANNA DICKMANN', JocHEN RINK?, and FRANK JULICHER! — 'Max Planck
Institute for the Physics of Complex Systems, Dresden, Germany — Max Planck
Institute for Biophysical Chemistry, Géttingen, Germany
Development, regeneration and tissue renewal are spectacular tissue patterning
events. Tissue patterning, the adaptation of the correct cell fate at the correct
position, requires information. This information can be provided by spatially
graded distributions of signalling molecules, called signalling gradients. While
the formation of signalling gradients is thought to result from diffusion and
degradation in the context of embryonic development, it remains controversial
how such signalling gradients can be generated on long length scales e.g. dur-
ing regeneration. We introduce a relay mechanism for gradient formation in
which the signal is propagated from cell to cell via a positive feedback loop. That
is, each cell produces signalling molecules in response to receiving a signal. We
show that polarised secretion of signalling molecules produced in response to the
received signal results in an effective drift of signalling molecule concentration
through the system, markedly accelerating the formation of signalling gradients.
This way, the relay mechanism explains gradient formation on millimetre length
scales within hours to days for physiological parameter choices.

BP 6.6 Mon 12:40 BPc
Model for inference of cell dynamics from C14 data — JULIAN RopE! , FABIAN
RosT?, Paura HEINKE', N1k Lazar®, Lutz Brusch', and OLAF BERGMANN'
— Technische Universitit Dresden, Dresden, Germany — 2Max Planck Insti-
tute for the Physics of Complex Systems, Dresden, Germany — *Karolinska In-
stitutet, Stockholm, Sweden
Carbon dating is an established method to determine the age of ancient artefacts.
Traditionally, radioactive decay changes the C14 ratio of the sample which can
be used to determine the age. Recently, a second route has become available as
the drastic change of atmospheric C14 due to atomic bomb tests in the 60’s al-
lows to invert this classic C14 dating method. Now, the C14 decay is negligible,
but the atmospheric C14 changes quickly, allowing an accurate age measurement
even of human samples. This method allows to estimate the cell turnover in vivo
using the C14 carbon ratio of the DNA from many cells. But a simple matching
of C14 values is not sufficient because the measured C14 values are the average
of cells with different ages. We introduce a Cl4-structured population model
to predict the average C14 content and accounting for cell division, cell inflow
from a fast cycling stem cell population and cell death. Additionally, a priori
knowledge such as tissue growth has to be considered resulting in constrains for
the model solution. We use variations of this model to analyse C14 data from
human liver and muscle tissue.
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BP7.1 Mon 14:00 BPa
Highly Reproducible Physiological Asymmetric Membrane with Freely Dif-
fusing Embedded Proteins in a 3D Printed Microfluidic Setup — PauL Heo!,
SATHISH RAMAKRISHNAN? , JEFF COLEMANZ, JaAMES E. ROTHMANz, *JEAN BaP-
TISTE FLEURY®, and FREDERIC PINCET! — !Laboratoire de Physiqe Statistique
ENS, Paris, France — 2Department of Cell Biology Yale School of Medicine, New
Haven, USA — *Department of Experimental Physics and Center for Biophysics,
Saarland University Saarbruecken, Germany
Experimental setups to produce and to monitor model membranes have been
successfully used for decades and brought invaluable insights into many areas of
biology. However, they all have limitations that prevent the full in vitro mimick-
ing and monitoring of most biological processes. Here, a suspended physiologi-
cal bilayer-forming chip is designed from 3D-printing techniques. This chip can
be simultaneously integrated to a confocal microscope and a path-clamp am-
plifier. The bilayer, formed by the zipping of two lipid leaflets, is free-standing,
horizontal, stable, fluid, solvent-free, and flat with the 14 types of physiologically
relevant lipids, and the bilayer formation process is highly reproducible. Further-
more, different proteins family can be added to the bilayer in controlled orien-
tation and keep their native mobility and activity. These features allow in vitro
recapitulation of membrane process close to physiological conditions, as shown
in the following references: Small, 2019, 10.1002/smll.201900725 Advanced Ma-
terials, 2020, 10.1002/adma.202070389 PNAS, 2021 (in press)

BP72 Mon 14:20 BPa
Tracking Electrostatically Driven Membrane Transfer between Lipid Vesi-
cles and a Supported Lipid Bilayer on a QCM — «JUsTUS BEDNAR"Z, ANAS-
TASIA SVETLOVA"?, VANESsA MaYBECK', and ANDREAS OFFENHAUSSER! —
!Forschungszentrum Jiilich, Institute of Biological Information Processing: Bio-
electronics (IBI-3) — 2Fakultit fir Mathematik, Informatik und Naturwis-
senschaften RWTH Aachen
Lipid bilayer systems are used widely in medicine and biotechnology. Supported
lipid bilayers (SLBs) for example, can be employed as a biomimetic platform for
cell cultures or can be studied as a model system of the cell membrane itself. If
SLB and lipid vesicles have opposite surface charges, their electrostatic interac-
tion can be used to modify the lipid composition of the SLB. Studying the under-
lying process, the quartz crystal microbalance (QCM) stands out for its ability
to precisely monitor the acoustic response of a macroscopic SLB and coupled
objects with a sub-second time resolution. Unfortunately, standard models that
relate the QCM signal response to physical properties of the sample do not apply
in this case.

Here, a viscoelastic model for an ensemble of lipid vesicles, coupled to an
SLB, is presented. Experimental results demonstrate the capability of this model
to estimate relative concentrations of extracellular vesicles (EVs) in bulk so-
lution. Furthermore, throughout numerous experiments of electrostatically
driven membrane transfer between lipid vesicles and an SLB, a non-trivial time-
dependence of vesicle-adsorption is observed.

Invited Talk BP7.3 Mon 14:40 BPa
Towards the mechanical characterization of neuronal network formation —
PAauLINA WYSMOLEKZ, FLORIAN HUHNKEZ, Katja SALBAUMI, JoacHIM SPATZZ,
and +FRIEDHELM SERWANE“? — ILMU, Department of Physics, Munich —
>Max Planck Institute for Medical Research, Heidelberg

In recent years, researchers have engineered multicellular 3D systems, organoids,
which share the same cell types and tissue organization as their in vivo counter-
parts. Those in vitro models provide an opportunity to glimpse at how biology
self-assembles neuronal networks and how nanoscale building blocks, such as
cell-cell adhesion molecules, contribute to the formation of tissue shape, struc-
ture and function. In this talk I will present the current and future research of
our newly established ERC-group. We will explore, how tissue mechanical prop-
erties affect the formation and function of retina organoids. For this, we build on

Location: BPa

our expertise in mechanics measurements (1,2) and retina organoid technology.
Quantifying the mechanics of neuronal systems opens the door to neurodegen-
erative disease modeling as it will be performed by our group. In addition, it
allows developing a biophysical understanding how neuronal networks are ini-
tially formed.

(1) Serwane et al., In vivo quantification of spatially-varying mechanical prop-
erties in developing tissues. Nature Methods, 2017

(2) Mongera et al., A fluid-to-solid jamming transition underlies vertebrate
body axis elongation. Nature, 2018

BP7.4 Mon15:10 BPa
Lattice defects induce microtubule self-renewal — LAURA SCHAEDEL',
SARAH TRICLIN' , DENIS CHRETIENZ, ARIANE ABRIEU3, CHARLOTTE AUMEIERI,
JEREMIE GAILLARDl, LAURENT BLANCHOIN1'4, MANUEL THéRY1’4, and ¢KARIN
Joun® — 'Univ. Grenoble-Alpes, CEA, CNRS, INRA, Biosciences & Biotech-
nology Institute of Grenoble, Laboratoire de Physiologie Cellulaire & Végé-
tale, CytoMorpho Lab, 38054 Grenoble, France — 2Univ. Rennes, CNRS,
IGDR (Institute of Genetics and Development of Rennes) - UMR 6290, F-
35000 Rennes, France — >CRBM, CNRS, University of Montpellier, Montpel-
lier, France — *Univ. Paris Diderot, INSERM, CEA, Hoépital Saint Louis, Institut
Universitaire d’' Hematologie, UMRS1160, CytoMorpho Lab, 75010 Paris, France
— 5Univ. Grenoble-Alpes, CNRS, Laboratoire Interdisciplinaire de Physique,
38000 Grenoble, France
Microtubules are dynamic polymers, which grow and shrink at their extremi-
ties. Within the microtubule shaft, tubulin dimers adopt a highly ordered lattice
structure, which is generally not considered to be dynamic. Here we report a
new aspect of microtubule dynamics, whereby thermal forces are sufficient to re-
model the lattice, despite its apparent stability. Our combined experimental data
and numerical simulations on lattice dynamics and structure demonstrate that
dimers can spontaneously leave and be incorporated into the lattice at structural
defects. We propose a model mechanism, where the lattice dynamics is initiated
via a passive breathing mechanism at dislocations, which are frequent in rapidly
growing microtubules.

BP7.5 Mon 1530 BPa
Multiplication of gliding microtubules for biocomputational applications —
«CORDULA REUTHERI, PAauLA SANTOS OTTEI, RAHUL GROVERI, TiLL KORTENI,
GUNTHER WOEHLKES, and SteraN Diezb? — 1B CUBE, TU Dresden, Dresden,
Germany — 2Cluster of Excellence Physics of Life, TU Dresden, 01062 Dresden,
Germany — 3Department of Physics, TU Miinchen, Garching, Germany
Recently, an approach to solve combinatorial problems was demonstrated by
kinesin-1 driven microtubules exploring, as autonomous agents, physical net-
works of nanometer-sized channels [Nicolau et al., PNAS, 113(10), 2016]. The
possibility to multiply the agents exponentially while traversing such networks is
crucial for the scalability of these systems. We developed a method for the multi-
plication of microtubules gliding on surface-immobilized kinesin-1 and kinesin-
14 molecules, respectively. Specifically, our method comprises two simultane-
ously proceeding processes: (1) elongation of microtubules by self-assembly of
tubulin dimers and (2) cutting of microtubules by the severing enzyme spastin.
The main challenge in doing so is to optimize both processes such that the av-
erage length of the filaments stays roughly constant over time while the number
of filaments increases exponentially. Additionally, nucleation of new filaments
ought to be avoided in order to prevent errors in the calculations performed by
the microtubules. Thus, we first studied each of the two processes separately
under various conditions before combining the optimized protocols to actually
multiply microtubules. Finally, we aim to multiply microtubules in a physical
network with channel structures.

40 min. Meet the Speaker

BP 8: Bioimaging and Biospectroscopy

Time: Monday 14:00-16:30

BP 8.1 Mon 14:00 BPb
Near Infrared Fluorescence Imaging with Carbon nanotubes and Nanosheets
— ¢SEBASTIAN KrUss — Ruhr-Universitit Bochum, Germany
We are interested in 1D and 2D materials that provide novel photophysical prop-
erties such as near Infrared (NIR) fluorescence. The NIR range (800-1700 nm) of
the spectrum is beneficial for many optical applications because it falls into the
tissue transparency window. One example of such a material is semiconduct-
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ing single-walled carbon nanotubes (SWCNTs). SWCNTs fluoresce in the NIR
and their optoelectronic properties are very sensitive to changes in the chemi-
cal environment and they are therefore versatile building blocks for fluorescent
labels and sensors. In my talk I will show fundamental insights into SWCNT
photophysics/surface chemistry and how selectivity of SWCNT-based fluores-
cent sensors can be enhanced. These sensors can be used for multiscale imaging
to resolve single molecules such as kinesin motors in vivo, efflux of neurotrans-
mitters (dopamine, serotonin) from cells, identification of pathogens or stress
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in whole plants. Furthermore, I introduce a novel class of ultrabright 2D NIR
fluorescent silicate nanosheets and demonstrate in vivo particle tracking as well
as standoff detection in living plants.

BP82 Mon 14:20 BPb
Motion-based segmentation for particle tracking: A fully-convolutional neu-
ronal network that analyses movement — TILL KORTENI, WALTER DE BACKZ,
CHRISTOPH ROBERT MEINECKE’, DANNY REUTER™?, and STEFAN Diez! — 'B
CUBE - Center for Molecular Bioengineering, Technische Universitdt Dresden,
Dresden, Germany — 2Institute for Medical Informatics and Biometry (IMB),
Carl Gustav Carus Faculty of Medicine, Technische Universitit Dresden, Dres-
den, Germany — 3Center for Microtechnologies, TU-Chemnitz, Chemnitz, Ger-
many — *Fraunhofer Institute for Electronic Nanosystems (ENAS), Chemnitz,
Germany
For single-particle tracking it is often necessary to separate particles of interest
from background particles based on their movement pattern. Here we introduce
a deep neuronal network that employed convolutional long-short-term-memory
layers in order to be able to perform image segmentation based on the motion
pattern of particles. Training was performed with ~ 500 manually annotated
128x128 pixel frames. The segmentation result was used as input for a conven-
tional single particle tracking algorithm. With this workflow 100% of all tracks
belonged to microtubules that were propelled by kinesin-1 motor proteins along
guiding channels and no tracks belonged to microtubules diffusing in the back-
ground. Furthermore, microtubules moving in a different orientation than the
guiding channels during training, did not show up during inference. In conclu-
sion, the deep-learning-based tracking resulted in almost twice as many (2800
vs. 1500) usable tracks that were 35 % longer compared to filtering after tracking.

BP 8.3 Mon 14:40 BPb
Molecule counts in complex oligomers with single-molecule localization mi-
croscopy — Tim NIKLAS BALDERINGl, *JAKOB TOMAS BULLERIAHNZ, GERHARD
HUMMERZ, MIKE HEILEMANNI, and SEBASTIAN MarkuscH! — !Institute of
Physical and Theoretical Chemistry, Goethe-University Frankfurt, Frankfurt am
Main, Germany — “Department of Theoretical Biophysics, Max Planck Institute
of Biophysics, Frankfurt am Main, Germany
Single-molecule localization microscopy resolves nano-scale protein clusters
in cells, and in addition can extract protein copy numbers from within these
clusters. A powerful approach for such molecular counting is the analysis of
fluorophore blinking using stochastic model functions. Here, we develop a
theoretical model for quantitative analysis of photoactivated localization mi-
croscopy (PALM) data that accounts for the detection efficiency. By this, we
are able to extract populations of different oligomers reliably and in complex
mixtures. We demonstrate this approach analyzing simulated PALM data of a
photoactivatable fluorescent protein. We generate simulations of blinking data
of oligomers and of mixtures of oligomers, and show robust oligomer identifi-
cation. In addition, we demonstrate this approach for experimental PALM data.
https://doi.org/10.1088/1361-6463/ab3b65

BP 84 Mon 15:00 BPb
Dissection of Plasmodium falciparum developmental stages with multi-
ple imaging methods — «KATHARINA PREISSINGER"™?, BEATA VERTESsY'?,
IsTVAN KészMARKE™, and MIKLOS KELLERMAYER® — 'Department of Ap-
plied Biotechnology and Food Sciences, BME, Budapest, Hungary — *Institute
of Enzymology, Research Center for Natural Sciences, Budapest, Hungary —
*Department of Physics, BME, Budapest, Hungary — *Department of Exper-
imental Physics V, University of Augsburg, Germany — *Department of Bio-
physics and Radiation Biology, Semmelweis University, Budapest, Hungary
Efficient malaria treatment is a global challenge, requiring in-depth insight into
the maturation of malaria parasites during the intraerythrocytic cycle. Explor-
ing structural and functional variations of the parasites and their impact on red

blood cells (RBCs) is a cornerstone of antimalarial drug development. In order
to trace such changes in fine steps of parasite development, we performed an
imaging study of RBCs infected by Plasmodium falciparum, using atomic force
microscopy (AFM) and total internal reflection fluorescence microscopy (TIRF),
further supplemented with bright field microscopy for the direct assignment of
the stages. This multifaceted imaging approach allows to reveal correlations of
the parasite maturation with morphological and fluorescence properties of the
stages. We established identification patterns characteristic to the different par-
asite stages based on the height profile of infected RBCs which show close cor-
relation with typical fluorescence (TIRF) maps of RBCs.

BP 8.5 Mon 1520 BPb
Self-organization of endoplasmic reticulum exit sites — s KONSTANTIN SPECK-
NER, LORENZ STADLER, and MATTHIAS WEISs — Experimentalphysik 1, Univer-
sitdt Bayreuth
The endoplasmic reticulum (ER) is a highly dynamic organelle that pervades the
entire cell and hosts a variety of vital processes. For example, the exchange of
proteins with the secretory pathway occurs at specialized and long-lived mem-
brane domains, called ER exit sites (ERES). In mammalian cells, ERES form pro-
tein assemblies that emerge as a lattice-like arrangement of dispersed droplets
on the ER membrane. Although ERES were seen to diffuse on short timescales,
they appear stationary on longer periods. Notably, their dynamics is different
from the cytoskeleton-dependent, shivering motion of ER tubules. To gain in-
sights into the self-organization of ERES patterns, we have studied biochemical
perturbations on the morphology of the ER and analyzed the spatial arrange-
ment of ERES by quantitative fluorescence imaging. As a result, we found a sig-
nificantly changed patterns of ERES components when reducing the amount of
curvature-inducing membrane proteins. In contrast, disrupting the ER network
into fragments or affecting the cytoskeletons integrity had only mild effects on
the ERES patterns. Our findings can be well explained by modelling ER junctions
as diffusion barriers for the exchange of ERES protein constituents. Altogether,
we provide evidence that the native ERES patterns are the result of a quenched
fluctuation-driven two-dimensional demixing process.

BP 8.6 Mon 1540 BPb
A multisensory interface for exploring nanomechanical tissue properties
with human senses — ¢ROBERT MAGERLE, PAUL ZECH, MARTIN DEHN-
ERT, ALEXANDRA BENDIXEN, and ANDREAS OTTO — Fakultit fiir Naturwis-
senschaften, TU Chemnitz
Tissues display a complex spatial structure and their mechanical properties re-
main largely unexplored on the nanometer scale. Here we present a multisensory
interface that makes nanomechanical tissue properties accessible to human per-
ception and cognition. With a haptic device, we translate the 3D force fields
measured with an atomic force microscope (AFM) on the nanometer scale into
forces perceivable to humans. This allows human users to explore haptically the
specimen’s surface shape as well as its local nanomechanical properties while
simultaneously employing multiple senses. First tissues studied include native
(unfixed), hydrated tendon of sheep, chickens, and mice. AFM imaging in air
with controlled humidity preserves the tissue’s water content and allows for high-
resolution imaging. The force-vs.-distance (FD) data measured with the AFM
display a rate-independent hysteresis with return-point memory. A generic hys-
teresis model that uses FD data collected during one approach-retract cycle pre-
dicts the force (output) for an arbitrary indentation trajectory (input). We imple-
mented this hysteresis model with a haptic device which allows human users to
perceive a physically plausible tip—sample interaction. They can discriminate the
specimen’s local hardness, its elastic response, as well as the energy dissipation
due to the rate-independent hysteretic process.

30 min. Meet the Speaker

BP 9: Systems Biology Il

Time: Monday 14:00-16:30

Invited Talk BP9.1 Mon 14:00 BPc
From individual to collective intermittent motion: from bacteria to sheep —
*FERNANDO PERUANI — CY Cergy Paris University, Cergy, France

Intermittent behavior is observed in biological systems at all scales, from bac-
terial systems to sheep herds. First, I will discuss how Escherichia coli explores
surfaces by alternating stop and moving phases. Specifically, I will show that a
stochastic three behavioral state model is consistent with the empirical data. The
model reveals that the stop frequency of bacteria is tuned at the optimal value
that maximizes the diffusion coefficient. These results provide a new perspective
on how evolution may have reshaped the bacterial motility apparatus. Intermit-
tent motion is also observed in Merino sheep, where again a stochastic three
behavioral state model provides a quantitative understanding of the empirical

28

Location: BPc

data. However, in sheep, individual transition rates depend on the behavioral
state of other individuals and collective behaviors emerge. Specifically, I will
show that small sheep herds display highly synchronized intermittent collective
motion, with the herd behaving as a self-excitable system. Based on the analysis
of these two biological systems (bacteria and sheep), we will discuss the need
of three behavioral states to describe intermittent motion in biological systems,
providing a unified picture of such behavior across scales.

Refs.: Perez Ipina et al. Nature Physics 15, 610-615 (2019); Gascuel et al. An-
imal behavior (2021); Gomez Nava et al. (2021)
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BP9.2 Mon 14:30 BPc
Specialisation and plasticity in a primitive social insect — «ADOLFO ALsINA',
SOLENN PATALANO’, MARTIN BACHMAN’, IRENE GONZALEZ-NAVARRETE®,
STEPHANIE DREIER® , SHANKAR BALASUBRAMANIAN® , SEIRIAN SUMNER’ , CAR-
L0 GREGORIO-RODRIGUEZ®, WOLF REIK?, and STEFFEN Ruranps' — 'Max
Planck Institute for the Physics of Complex Systems, Dresden, Germany — *The
Babraham Institute, Cambridge, UK — *University of Cambridge, Cambridge ,
UK — *Centre for Genomic Regulation (CRG), Barcelona , Spain — >Institute
of Zoology, London , UK — ®Universidad Complutense de Madrid (UCM),
Madrid, Spain
Biological systems not only have the remarkable capacity to build and maintain
complex spatio-temporal structures in noisy environments, they can also rapidly
break up and rebuild such structures. How can such systems can simultaneously
achieve both robust specialisation and plasticity is poorly understood. Here we
use primitive societies of Polistes wasps as a model system where we experimen-
tally perturb the social structure by removing the queen and follow the relaxation
dynamics back to the social steady state over time. We combine a unique exper-
imental strategy correlating measurements across vastly different spatial scales
with a theoretical approach. We show that Polistes integrates antagonistic pro-
cesses on multiple scales to distinguish between extrinsic and intrinsic pertur-
bations and thereby achieve both robust specialisation and rapid plasticity. Such
dynamics provide a general principle of how both specialization and plasticity
can be achieved in biological systems.

BP 9.3 Mon 14:50 BPc
Plasticity in vertex model of epithelial tissues — sMARKO Popovi¢'?,
VALENTIN DRUELLEI’S, NATALIE DYE4’S, FRANK IULICHERZ’S, and MATTHIEU
Wyart! — 'Institue of Physics, Ecole Polytechnique Fédérale de Lausanne
(EPFL), CH-1015 Lausanne, Switzerland — 2Max Planck Institute for Physics
of Complex Systems, Nothnitzer Strasse 38, 01187 Dresden, Germany —
*Biozentrum, University of Basel, Klingelberstrasse 70, 4056 Basel, Switzerland
— *Max Planck Institute for Molecular Cell Biology and Genetics, Pfotenhauer-
strasse 108, 10307 Dresden, Germany — °Cluster of Excellence Physics of Life,
TU Dresden, 01307 Dresden, Germany
Developing tissues are often described as viscoelastic liquids. However, tissues
can also be plastic and respond elastically to stresses below the critical value,
while flowing plastically at higher stresses. Plasticity is exhibited by a wide class
of amorphous solids such as colloidal gels, emulsions, and foams where it cor-
responds to a yielding transition. Are features of yielding transition, such as de-
pendence on system preparation and non-linear rheology, relevant in developing
tissues? Motivated by similarities of disordered tissues and amorphous solids we
study the plasticity of the vertex model of epithelial tissues, where the mechani-
cal properties of cells are prescribed and tissue mechanics is obtained from their
collective behavior. We describe the mechanics of T1 transitions, which are the
elementary plastic events in epithelial tissues. We find that interactions between
T1 transitions are analogous to those of particle rearrangements in amorphous
solids and our simulations suggest that the vertex model belongs to the same
class of universality.

Monday
BP94 Mon15:10 BPc
Selection via phase separation — <Giacomo BarTOLUCCI™?, ADRIANA

SERRAO’, PHILIPP SCHWINTEK®, ALEXANDRA KUHNLEIN?, YasH Rana®, Di-
ETER BRAUN3, CHRISTOF MAST3, and CurisTopH A. WEBER"? — Max Planck
for the Physics of Complex Systems, Dresden — 2Center for Systems Biology
Dresden — *Ludwig Maximilian University, Miinchen — *Harvard University,
Cambridge, USA

Living cells and pre-biotic systems are complex aqueous mixtures composed of
thousands of different heteropolymers. In such multi-component mixtures, en-
richment and selection of a small set of components are important to achieve bi-
ological function. However, when the number of components increases, each of
them becomes more diluted impeding a significant enrichment of selected com-
ponents. Here, we propose a selection mechanism relevant for prebiotic mix-
tures based on cycles of phase separation combined with material exchange of
the dense phase with a reservoir. We find a selective enrichment of components
up to two orders of magnitude coinciding with a growth of the dense phase up
to the system volume. Such enrichment of selective components is robust also
in mixtures composed of a large number of components. For a prebiotic soup,
our findings indicate that cycles of phase separation and material exchange with
a reservoir, e.g. the accumulation DNA gel in rock pores periodically filled with
DNA rich aqueous solution, could provide a mechanism for the selection and en-
richment of specific heteropolymers sequences in a multi-component mixture at
the origin of life.

BP9.5 Mon15:30 BPc
Towards an alphabet of random matrix models for large biological networks
— oPuiLIPP FLEIG' and ILyA NEMENMAN® — 1University of Pennsylvania,
Philadelphia, USA — 2Emory University, Atlanta, USA
Biological interaction networks such as populations of neurons or amino acid
sequences in proteins are critical to the functioning of any biological system.
The trend of modern high-throughput experiments is to record data from a
rapidly increasing number of simultaneously measured network units. Such data
recorded from a biological network has characteristics of a large random ma-
trix with hidden structures encoded in it. We present first steps towards the
design of an alphabet of random matrix models to describe data of biological
networks. Here, we focus on how to detect different random matrix structures
in data from simple observable quantities such as pairwise correlations and the
eigenvalue spectrum of the correlation matrix. Using random matrix theory we
show analytically how properties of the data, such as a hidden dimensionality,
are encoded in these observables. Finally, we use a neural network classifier with
the observables as input to detect different types of random matrix structures in
our alphabet and their hidden dimensionality in noisy data of finite size. Our
approach can likely be used to model large and complex data of diverse types of
biological networks.

40 min. Meet the Speaker

BP 10: Posters DY - Fluid Physics, Active Matter, Complex Fluids, Soft Matter and Glasses (joint
session DY/BP)

Time: Monday 14:00-16:30

See DY 12 for details of this session.

Location: DYp

BP 11: Poster A: Single Molecule, Multicellular, Bioimaging, Focus Sessions, etc.

Time: Monday 16:30-19:00

BP11.1

2+?

Mon 16:30 BPp
How fast do PMCA pumps transport Ca — «BARBARA SCHMIDT',
CrisTINA E. CONSTANTINZ, BERND FAKLERZ, and Herko Riecer! — !Center
for Biophysics and Dep. Theoretical Physics, Saarland University, 66123 Saar-
briicken, Germany — “Institute of Physiology, University of Freiburg, 79104
Freiburg, Germany

Plasma membrane protein complexes of two PMCA subunits and two Neuro-
plastin or Basigin proteins are responsible for Ca®" ion transport out of cells.
Here we make use of BK-type C a**-activated K* channels to determine the Ca?*
transport activity of PMCA. Due to their large conductance and their particu-
lar gating kinetics the BK channels may be used as fast and reliable sensors for
intracellular Ca®*-concentration ([Ca“]i) beneath the plasma membrane. Ex-
perimentally we monitor the PMCA-mediated Ca?* clearance (or transport) by
the decay of BK-currents following their activation by a short (0.8 ms) period
of Ca**-influx through Cav2.2 channels. To relate the experimentally observed
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temporal evolution of the K™ current to the underlying temporal evolution of the
Ca** concentration we implement a theoretical model for the C a*t -dependence
of the BK-current and of the PMCA pump strength. The maximum PMCA pump
strength is used to fit the predicted time course of the K™ current to the exper-
imental data, which turns out to be at least 2 orders of magnitude larger than
what has been assumed so far. Implication of this finding for Ca** signaling in
general are discussed.

BP11.2 Mon16:30 BPp
Molecular Friction and Adhesion on Porous Membranes — <KORDULA
SCHELLNHUBERI’Z, HANNA HﬁBNERz, JOHANNA BLAssl, MARKUS GALLEIZ, and
RoLAND BENNEWITZ' — 'INM-Institut fiir Neue Materialien, Campus D.2.2
Universitit des Saarlandes, 66123 Saarbriicken, Germany — “Lehrstuhl fiir Poly-
merchemie, Naturwissenschaftlich-Technische Fakultit, Universitit des Saar-
landes, 66123 Saarbriicken, Germany
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Understanding and controlling the dynamics of polymer-surface interactions are
key to a functional design of nanoscale objects and to reveal mechanisms under-
lying biological processes. We study friction and adhesion of single polymers
at the solid-liquid interface by means of atomic force microscopy (AFM) with
focus on entanglement dynamics. As a model system, a single M13mp18 DNA-
molecule with a length of 2.5 ym is attached to an AFM probe. Friction mea-
surements are performed by moving the cantilever in parallel to the surface at a
height of a few hundred nanometers. Deflection of the cantilever reveals adhe-
sive interactions between the DNA polymer and the membrane. Entanglement
of the DNA in the membrane pores is probed by adhesion measurements after
varying waiting time at a constant height of few hundred nanometers above the
surface.

BP11.3 Mon16:30 BPp
The mechanics of single cross-links which mediate cell attachment at a hydro-
gel surface — ARzU COLAK, BIN L1, JOHANNA BLASS, ARANZAZU DEL CAMPO,
and s ROLAND BENNEWITZ — INM - Leibniz Institute for New Materials, Saar-
briicken, Germany
Cells attach to the surface of a poly(ethylene glycol diacrylate) (PEGDA) hydro-
gel if linkers are functionalized with the RGD cell adhesive motif. Attachment
and spreading of cells on the hydrogel depend on its mechanical properties, for
examples when Young*s modulus E of the hydrogel is varied. We were inter-
ested in the effective stiffness of those linkers which mediate cell attachment and
measured it by means of single-molecule force spectroscopy [1]. For these ex-
periments, the linkers were functionalized with biotin and the tip of an atomic
force microscope with streptavidin. A factor of ten in the elastic modulus E of
the hydrogel corresponded to a factor of five in the effective spring constant k
of single crosslinks, indicating a transition in scaling with the mesh size { from
the macroscopic E o< =3 to the molecular k oc 4 =2 The effective stiffness of
single linkers was also measured for a second polymer network based on four-
arm star-PEG molecules which interpenetrated the PEGDA hydrogel. The quan-
tification of stiffness and deformation at the molecular length scale contributes
to the discussion of mechanisms in force-regulated phenomena in cell biology.
[1] A. Colak, B. Li, J. Blass, K. Koynov, A. del Campo, R. Bennewitz, The me-
chanics of single cross-links which mediate cell attachment at a hydrogel surface,
Nanoscale, 11 (2019) 11596-11604.

BP11.4 Mon16:30 BPp
Deep reinforcement learning of molecular mechanisms — <ROBERTO
Covino', HENDRIK ]UNGZ, ARJUN WADHAWAN®, PETER G. BoLHUIs®, and GER-
uARD HumMmER>? — !Frankfurt Insitute for Advanced Studies, Frankfurt am
Main, Germany — *Max Planck Institute of Biophysics, Frankfurt am Main, Ger-
many — 3Van ’t Hoff Institute for Molecular Sciences, University of Amsterdam,
Amsterdam, The Netherlands — *Institute of Biophysics, Goethe-University
Frankfurt, Frankfurt, Germany
We present a deep reinforcement learning artificial intelligence (AI) that learns
the molecular mechanism from computer simulations. The AI simulates molec-
ular reorganizations and progressively learns how to predict their outcome. We
integrate path theory, transition path sampling (TPS), and deep learning. TPS
is a Markov Chain Monte Carlo method to sample the rare trajectories connect-
ing metastable states. Using reinforcement learning, we iteratively train a deep
neural network on the outcomes of TPS simulation attempts. In this way, we
increase the rare-event sampling efficiency while gradually revealing the under-
lying mechanism. At convergence, the Allearns the rare events’ committor func-
tion, encoded in the trained neural network. By using symbolic regression, we
distill simplified quantitative models that reveal mechanistic insight in a human-
understandable form. Our innovative AI enables the sampling of rare events by
autonomously driving many parallel simulations with minimal human interven-
tion and aids their mechanistic interpretation.

BP11.5 Mon 16:30 BPp
Acidic amino acids do not affect the robustness of protein hydration layers to
changes in KCI concentration — «HOSEIN GERAILI' and ANA VILA VERDE®> —
'MPI of Colloids and Interfaces, Dept Theory and Bio-Systems, Potsdam, Ger-
many — 2U. Duisburg-Essen, Physics, Duisburg, Germany
The proteins of halophilic microorganisms have a higher content in negatively
charged amino acids compared to microorganisms living in normal environ-
ments. One proposed hypothesis explaining this large content in acidic residues
is that they are necessary to maintain the proteins at normal hydration levels in
an environment with high salt concentration, i.e., in low water activity. To inves-
tigate protein hydration in high salt concentration using Molecular Dynamics,
we optimized the interaction potential between potassium ions and the carboxy-
late side-chain of acidic amino acids; the optimized potential is compatible with
the widely-used suite of AMBER force fields and the TIP3P water model. We
compared hydration levels of 5 halophilic proteins and 5 non-halophilic ones.
Our simulations show that all proteins have almost identical levels of hydration
in high and low KCI concentrations: the large fraction of acidic amino acids in
halophilic proteins is not necessary to ensure that they remain hydrated. We
quantified the translational dynamics of the solvation shell of the halophilic and
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non-halophilic proteins, and observe almost no difference between them. The
claim that acidic residues cooperatively interacting with the solvated network of
ions would markedly decrease the dynamics of the protein solvation shell is not
supported by our calculations.

BP11.6 Mon16:30 BPp
Optical tweezers and multimodality imaging: a platform for dynamic single-
molecule analysis — ¢BARBEL LORENZ, ANN MUKHORTAVA, and PHILIPP
RaucH — LUMICKS B.V. Amsterdam, Pilotenstraat 51, 1059CH Amsterdam,
The Netherlands
The possibility to investigate molecular interactions, structure, and dynamics us-
ing single-molecule fluorescence- and force spectroscopybased methods has led
to many new insights over the past decades. Here, we present our efforts in estab-
lishing the easy and reliable experimental workflow for further enabling discov-
eries in the field of biology and biophysics using both the combination of optical
tweezers with single-molecule fluorescence microscopy (C-Trap). As a proof of
concept, we will discuss an overview of the experimental designs and the work-
flow for combining FRET with an ultra-stable optical trap for studying binding
and colocalization dynamics of histones and a helper protein on DNA and ob-
serving protein/DNA hairpin folding dynamics. These experiments show that
the technological advances in hybrid single-molecule methods can be turned
into an easy-to-use and stable instrument that opens up new venues in many
research areas.

BP11.7 Mon16:30 BPp
Molecular mechanisms of single alpha helix deformation under tension —
ANA BERGUES—PUPOI, REINHARD LIPOWSKYZ, and sANA ViLa VERDE® — 'Max
Delbriick Center for Molecular Medicine, Berlin, Germany — 2MPI of Col-
loids and Interfaces, Dept Theory and Bio-Systems, Potsdam, Germany — >U.
Duisburg-Essen, Physics, Duisburg, Germany
Alpha helices (SAHs) that are stable in isolated form have been found in mo-
tor proteins, where they connect spatially separated domains. We investigate the
force-estension curve and molecular deformation mechanisms of SAHs pulled
from the termini, at pull speeds approaching the quasi-static limit, using molecu-
lar dynamics simulations with atomistic resolution of the protein and an implicit
model for the solvent. SAHs unravel starting from the termini, in a residue-by-
residue manner. Contrary to prior simulations of metastable helices, hydrogen
bond breaking is not the main event determining the barrier to unfolding of
SAHs at all pull speeds we tested. We fit the force-extension curves to the co-
operative Sticky Chain model, and extract the distance, x; = 0.13 nm, to the
transition state, the natural frequency of bond vibration, v, = 0.82 ns!, and the
height, V;=2.9 kcal/mol, of the free energy barrier associated with the deforma-
tion of single residues. The results confirm that the Sticky Chain model could be
used to analyze experimental force-extension curves of SAHs and other biopoly-
mers.

BP11.8 Mon 16:30 BPp
Structural Dynamics Correlation of Peptides derived from Nucleoporins:
Time-resolved X-ray Scattering and Computational Modelling — ¢NAIREETA
BISWASl’z, MARKUS OSTERHOFFZ, JaAxkoB SOLTAUZ, SHEUNG CHUN NG3,
DIrk GORLICH®, and SIMONE TECHERT? — 'FS-SCS, Deutsches Elektronen-
Synchrotron (DESY), Notkestrafe 85, 22607 Hamburg, Germany — 2University
of Gottingen, Institute for X-ray Physics, Friedrich-Hund-Platz 1, 37077 Géttin-
gen, Germany — >Department of Cellular Logistics, Max Planck Institute for
Biophysical Chemistry, Gottingen, Germany
FG nucleoporins are intrinsically disordered proteins located in the nuclear pore
complexes (NPCs) consist of FG repeating motifs. It has been proposed that re-
peating motifs play an important role in the formation of hydrogel due to their
cohesive interactions and hydrophobic nature. These protein hydrogels show
unique features of non-covalent interactions such as hydrogen bonding, Vander
Waals interaction or 71-7 stacking, driving the protein self-assembly, leading to
an anisotropic structural growth, thus forming hydrogels with unusual materials
properties. Our computational simulations, suggest different conformations and
interactions between these FG repeating motifs and that these conformational
variety may be the driving forces for the co-existing domains. To understand
this molecular rationale of the protein kinetics during their gelation process, we
have studied the first steps of self-assembling and structural organization of the
protein hydrogels during the formation .

BP11.9 Mon16:30 BPp
Heat flows adjust local ion concentrations in favor of prebiotic chemistry
— oT. MATREUXI, K. LEVAYZ, A. SCHMIDI, P. AIKKILAI, L. BELOHLAVEKS, Z.
CALISKANOGLU", E. SALIBI?, A. KGHNLEIN!, C. SPRINGSKLEE®, B. SCHEU®, D.B.
DINGWELL3, D. BRAUNI, H. MUTSCHLERZ, and C.B. Mast! — 1Sys‘fems Bio-
physics, LMU, Amalienstr. 54, 80799 Munich, Germany — *MPI fiir Biochemie,
Am Klopferspitz 18, 82152 Martinsried, Germany — *Earth and Environmental
Sciences, LMU, Theresienstr. 41, 80333 Munich, Germany
Prebiotic reactions often require certain initial concentrations of ions. For ex-
ample, the activity of RNA enzymes requires a lot of divalent magnesium salt,
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whereas too much monovalent sodium salt leads to a reduction in enzyme func-
tion. However, it is known from leaching experiments that prebiotically rele-
vant geomaterial such as basalt releases mainly a lot of sodium and only little
magnesium. A natural solution to this problem is heat fluxes through thin rock
fractures, through which magnesium is actively enriched and sodium is depleted
by thermogravitational convection and thermophoresis. This process establishes
suitable conditions for ribozyme function from a basaltic leach. It can take place
in a spatially distributed system of rock cracks and is therefore particularly stable
to natural fluctuations and disturbances.

BP11.10 Mon 16:30 BPp
Structured keratin films as artificial nail plate model — «KiMm THOMANN, AN-
DREAS SPATH, and RAINER H. FINK — Lehrstuhl fiir Physikalische Chemie II,
Friedrich-Alexander Universitit Erlangen-Niirnberg, Egerlandstr. 3, D-91058,
Erlangen, Germany
Human fingernails can be studied ex vivo only in form of clippings which offer
limited insight as they do not necessarily reflect the behavior of the whole nail.
Keratin films (KFs) can potentially serve as human fingernail substitute which
is especially relevant for the medical and beauty sector. In order to model the
nail’s adhesive characteristics, structured and unstructured films from keratin
extracted from human hair and nails were produced.

The fingernail being the reference, the KFs were characterized with a num-
ber of methods, including SEM, AFM, contact angle (CA) measurements, XPS,
ATR-FTIR and Raman spectroscopy. In terms of composition, KFs show a good
resemblance, regardless of keratin origin. The nail’s microstructured topogra-
phy is well matched by the structured KFs. CA measurements revealed that the
surface free energy is in the same range for both KF types. However, the un-
structured KFs exhibit a much stronger polar component compared to the nail
while the structured KFs fit the nail’s component composition well. Thus, the
structured KFs represent a good approach to achieve a satisfying model in terms
of wetting while combining both composition and topography aspects. The re-
search is funded by the BMBF within project 05K19WE2.

BP11.11 Mon 16:30 BPp
Activity of hydrogel-encapsulated cells monitored by atomic force mi-
croscopy — *MENGXIAO L11‘2, KorbpuLa SCHELLNHUBERI’Z, SHARDUL
BHUSARII’Z, JOHANNA BLAssl, SHRIKRISHNAN SANKARANI, and RoLAND
BenNEwITZ"? — 'INM - Leibniz for New Materials, Campus D22, 66123 Saar-
briicken — 2Saarland University, Naturwissenschaftlich Technische Fakultit,
66123 Saarbriicken
Living materials are an emerging concept in biomaterial research. Living organ-
isms become part of the material and equip it with tailored functions. For ex-
ample, genetically engineered bacteria are encapsulated in hydrogels to release
drugs when triggered by an external stimulus [1]. The aim of this study is to
develop a new technique for highly sensitive measurements of mechanical per-
turbances arising from growth and motion of bacteria trapped in a thin hydrogel
film by means of Atomic Force Microscopy (AFM). To probe the activity of E.
coli bacteria enclosed in a pluronic diacrylate hydrogel, we contact its surface
with a colloidal probe cantilever. Normal and lateral displacements of the con-
tact caused by motion or division of bacteria are recorded for a contact time of
300s at various positions of the hydrogel surface. Over 24 hours, we observe an
increase of the mechanical signals with time that we attribute to bacterial colony
growth inside the hydrogel film. Characteristic time scales of the processes are
determined by means of continuous wavelet transform.

[1] S. Sankaran et al., Small 15 (2019) 1804717.

BP11.12 Mon 16:30 BPp
Cohesin and condensin extrude DNA loops in a cell cycle-dependent man-
ner — *STEFAN GOLFIERI’Z, THOMAS QUAILI’Z, and JAN Brugues? — 'Max
Planck Institute of Molecular Cell Biology and Genetics, Dresden, Germany —
ZMPI-PKS, Nothnitzer Strafle 38, Dresden, Germany
How cells spatially organise long DNA polymers inside the confinements of the
cell nucleus without creating knots and tangles has been a central question in
cell biology. Recent observations have unveiled the physical architecture of the
genome as a hierarchy of higher-order structures that deeply impact biological
function. Despite their role for gene regulation, DNA repair and genome prop-
agation, the underlying mechanisms shaping the 3D genome remained elusive.
The active formation of vast DNA loops by the molecular motors cohesin and
condensins has been proposed as a general mechanism to spatially organize the
genome across the cell cycle. However, the requirements for genome organi-
sation change dramatically during the cell cycle. To date it remained unclear,
if DNA loops shape the drastically different chromatin architectures in inter-
and metaphase. Using Xenopus laevis egg extracts, we reconstitute and directly
observe DNA loop formation for the first time in a native environment and de-
pendence of the cell cycle. We show that DNA loops are actively formed in both
meta- and interphase, but with distinct biophysical properties and responsible
factors. Our findings provide fundamental evidence that DNA loops are the
physical building blocks of genome architecture, that are molecularly regulated
during the cell cycle.
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BP11.13 Mon 16:30 BPp
UV-Induced Selectivity of Short DNA Oligonucleotides in Early Evolution —
«CORINNA L. KUFNER!, DOMINIK B. BUCHER®, WOLFGANG ZINTH®, CHRISTOR
B. MAST3, GABRIELLA G. LOZANOI, SUKRIT RANJAN4, ZoER. TODD5, and Dim-
1TAR D. SasseLov! — 'Harvard University, USA — 2TU Miinchen — *LMU
Miinchen — *Northwestern University, USA — > University of Washington, USA
At early stages of the evolution of life, between 3.5 and 4.2 billion years ago, the
ultraviolet (UV) irradiation on the surface of the Earth was much higher than
today. In the prebiotic era, particularly in the absence of complex enzymes, UV
light both served as an important energy source for photochemical reactions and
imposed a strong selection pressure on the building blocks of life. Here, we study
the photophysics of short DNA oligonucleotides by irradiation experiments and
ultrafast UV pump (266 nm) IR probe (5-7 um) spectroscopy. We find a strong
sequence selectivity in the photostability of short oligonucleotides. Charge trans-
fer states can promote sequence selective self-repair of adjacent photolesions via
an entirely intrinsic mechanism which resembles the enzymatic repair by pho-
tolyases. Particularly charge transfer states which involve Guanine, the strongest
electron donor among the canonical nucleobases, play a key role in the photo-
stability of short oligonucleotides. It may be assumed that photophysical mech-
anisms have strongly influenced the selection of base sequences at early stages of
evolution.

BP11.14 Mon 16:30 BPp
Nanomechanics of DNA self-assemblies and light driven molecular motors —
MICHAEL PENTHI’Z, Yijun YUUN1 , ARZU CJOLAK1 , KorDpULA SCHELLNHUBERI’Z,
MitcHELL K.L. HANI, ARANZAZU DEL CAMP01’3, ROLAND BENNEWITZI'Z, and
«JOHANNA Brass' — 'INM - Leibniz for New Materials, Campus D22, 66123
Saarbriicken — 2Saarland University, Physics Department, 66123 Saarbriicken
— *Saarland University, Chemistry Department, 66123 Saarbriicken
Single-molecule force spectroscopy has become an essential tool to unravel
the structural and nanomechanical properties of biomolecules. In this study,
we present Flow Force Microscopy (FlowFM) as a massively parallel approach
to study the nanomechanics of hundreds of molecules in parallel. The high-
throughput experiments performed in a simple microfluidic channel enable sta-
tistically meaningful studies with nanometer scale precision in a time frame of
several minutes. A surprisingly high flexibility was observed for a self-assembled
DNA construct typically used in DNA origami. The persistence length was deter-
mined to be 12.6 nm, a factor of four smaller than for native DNA. The enhanced
flexibility is attributed to the discontinuous backbone of DNA self-assemblies.
We also quantified the forces actuated by a unique molecular machine that can
apply forces at cell-matrix and cell-cell junctions using light as an energy source.
Micrometer-sized beads tethered to the surface via entangled rotary motors were
retracted against drag forces from 1 pN to 5 pN within the first minute of UV-
irradiation.

BP11.15 Mon 16:30 BPp
In-situ GiSAXS investigations of sprayed drugs on Peptide Hydro-
gel based matrix — <NAIREETA BISWAsl’Z, ELISABETH ERBESI’Z, KRIsH-
NAYAN BASUROYl, JoSE VELAQUEZ GARCIAI, SREEVIDYA THEKKU VEEDUI,
MATTHIAS SCHWARTZKOPE', CALVIN BRETT"?, STEPHAN ROTH", and SI-
MONE TecHERT "> — ' Deutsches Elektronen-Synchrotron (DESY), Notkestrafe
85, 22607 Hamburg, Germany — 2University of Géttingen, Institute for X-ray
Physics, Friedrich-Hund-Platz 1, 37077 Géttingen, Germany — >Department
of Fibre and Polymer Technology, KTH Royal Institute of Technology, 100 44
Stockholm, Sweden. — *Department of Mechanics, KT Royal Institute of Tech-
nology, 100 44 Stockholm, Sweden
A controlled and personalized treatment is key to successful medication. We
have designed a novel hybrid material- a matrix made of a mixture of hydrophilic
carboxymethylated nanocellulose (CMC) hydrogel and disordered hydrophobic
peptide hydrogel (P). Our investigations into this material are the first steps to-
wards a novel drug delivery/carrier strategy that allows a controlled dosage of
anti-COVID drugs embedded in the system. This gives us the opportunity to
vary the local uptake in a hydrophobic or hydrophilic compartment in the ma-
trix. The structural intercalation and the time-resolved process were investigated
with in-situ grazing-incidence small-angle X-ray scattering (GISAXS) experi-
ments while spraying the drug on the matrix. In this work, we have focused
on the structural analysis of the peptide hydrogel system with the drugs. The
structural analysis of the CMC fibers will be presented in the poster of Elisabeth
Erbes.

BP11.16 Mon 16:30 BPp
Cytoplasmic streaming enables inter-nuclear signaling in the giant syn-
cytium Physarum polycephalum — Nico ScuramMA', Sryu Cuen'?, and
Karen ALim'? — 'Max Planck Institute for Dynamics and Self-Organization,
Géttingen, Germany — “Technical University of Munich, Physics Department,
Munich, Germany
The slime mold Physarum polycephalum is known for its optimized active trans-
port network, which is utilized to spread signals and nutrients over its up to
meter-sized cell-body. Intriguingly, this syncytium contains up to billions of nu-
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clei, which are said to divide in a mitotic wave. However, direct experimental ev-
idence of this finding is still missing and the possibility of inter-nuclear signaling
remains elusive. Here, by observing fluorescent labeled nuclei with high-speed
microscopy, we uncover that individual nuclei not only can be transported in the
tubes of the network, but can also get immobilized in the porous, gel-like endo-
plasm wrapping the tubes. Then, using particle image velocimetry, we resolve
the slow flow within the endoplasmic tube-walls. Furthermore, we use a simpli-
fied advection-diffusion-reaction model to show that inter-nuclear exchange of
large molecules such as mRNA can only happen within physiological time scales
between stuck nuclei in the endoplasm, rather than between transported nuclei.
Our study provides evidence that immobilised nuclei may play a crucial role in
the coordination of mitotic waves or gene-expression patterns in Physarum and
may pave the way to use Physarum as a model syncytium to understand the in-
terplay of fluid-driven transport and signaling of nuclei.

BP 11.17 Mon 16:30 BPp
Resolving Energy Storage in Extra-Embryonic Membranes — «Zo& LANGE'?,
FrRANZISKA KRAMER1’3’4, FREDERIC STROBL3’4, ERNST STELZER3’4, and
Franziska MarTHAUs"* — !Frankfurt Institute for Advanced Studies (FIAS)
— 2IfB, FB Physik, Uni Frankfurt/Main — 3Buchmann Institute for Molecular
Life Sciences (BMLS) — 41ZN, FB Biowissenschaften, Uni Frankfurt/Main
Efficient energy use and storage is crucial in living organisms. In the context of
evolution, energy management is continuously optimized to ensure an individ-
ual’s ability to successfully compete. This is especially true for oviparous species,
as all required energy has to be provided at the moment of oviposition in order to
give rise to a fully functional organism. Based on our preliminary imaging data
in the emerging insect model Tribolium castaneum, we formulate the hypoth-
esis that extra-embryonic serosa cells utilize shape change during gastrulation
to allocate and store energy that is later on required for their extensive move-
ment during dorsal closure. To investigate this possible functional connection,
we want to gain further insights into the multi-scale effects of force propaga-
tion from cellular to tissue level. Spatial and temporal dynamics of forces are
calculated using non-invasive Force Inference (FI). FI utilizes a biomechanical
model, a mathematical inverse method and a Bayesian framework to estimate
cell and tissue stress from segmented image data and for the whole system si-
multaneously. Here we highlight our workflow from obtaining 3D time-lapse
light sheet-based fluorescent microscopy images of live Tribolium embryos to
multi-scale estimation of tensions and pressures acting in the serosa membrane.

BP 11.18 Mon 16:30 BPp
Cell Fate Clusters in Inner Cell Mass Organoids Arise from Cell Fate Heredity
— oTIM LIEBISCHI’Z, ARMIN DRUSKOI’Z, BIiENA MATHEW1’3, ERNST STELZERI’S,
SaBINE FiscHER?, and FrRanziska MatTHAUs"™? — !GU Frankfurt — 2FIAS —
*BLMS — *JMU Wiirzburg
Recently, inner cell mass (ICM) organoids have been published as an in vitro
model system towards preimplantational development. ICM organoids mimic
the second cell fate decision taking place in in vivo mouse embryos. It was shown
that cells of the same fate tend to cluster stronger than expected for the currently
hypothesised random cell fate distribution. Three major processes contribute to
the cell fate arrangements at the 24 h old and 48 h old ICM organoids or mid
and late blastocyst, respectively: chemical signalling; cell sorting process; cell
proliferation.

An agent-based model was developed, accounting for cellular interactions, cell
growth and division. The model was applied to compare current assumptions of
how the ICM neighbourhood is formed. The model supports the hypothesis
that initial cell fate acquisition is a stochastically driven process. Subsequently,
the observed neighbourhood structures can emerge due to cell fate heredity.

Simulations show that the initial cell differentiation process takes place only
during a small time window, during ICM organoid composition. Our results
leave little room for cellular signalling believed to be important in cell fate deci-
sion. Hence, we are discussing an alternative role of chemical signalling in this
process.

BP11.19 Mon16:30 BPp
Migration of Cytotoxic T Lymphocytes in Collagen Matrices — ¢ZEINAB
SADIADII, HEeiko RIEGERI, MARKUS HOTHZ, Bin QUZ, and RENPING ZHAO? —
1Department of Theoretical Physics and Center for Biophysics, Saarland Univer-
sity — 2Department of Biophysics, Center for Integrative Physiology and Molec-
ular Medicine, School of Medicine, Saarland University
Cytotoxic T lymphocytes (CTLs) need to migrate to search for their target cells
in complex biological microenvironments, a key component of which is extra-
cellular matrix (ECM). The mechanisms underlying CTL*s navigation are not
well understood so far. Here we use a collagen assay as a model for the ECM and
analyze the migration trajectories of primary human CTLs in collagen matrices
with different concentrations. We observe different migration patterns for indi-
vidual T cells. Three different motility types can be distinguished: slow, fast and
mixed motilities. Slow CTLs remain nearly stationary within the collagen matrix
and show slightly anti-persistent motility, while the fast ones move quickly and
persistent. We hypothesize that the slow mode describes CTLs creating channels
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through the collagen matrix by deforming and tearing apart collagen fibers, and
that the fast motility mode describes CTLs moving within these channels. The
dynamics of the mixed type consists of periods of slow and fast motions. The
dynamics can be well described by a two-state persistent random walk model.
We extract the parameters of the model by analyzing experimental data.

BP 11.20 Mon 16:30 BPp
Is Cell segregation just like oil and water: A phase field approach — *FLORIAN
FRANKE, STEFFEN LANGE, HANS-JoACHIM BOHME, SEBASTIAN ALAND, and
ANjA Voss-BOHME — Hochschule fiir Technik und Wirtschaft Dresden (HTW),
Dresden, Germany
Understanding the segregation of cells is crucial to answer questions about tissue
formation in embryos or tumor progression. According to Steinberg’s differential
adhesion hypothesis the separation of cells can be compared to the separation of
two liquids, e.g. water and oil. Specifically, it was proposed, that similarly to the
demixing of fluids, differences in the strengths of the adhesive forces in homo-
and heterotypic cell contact lead to all sorting. This hypothesis has been tested
on the basis of cell-based models which simulate motile cells with differential
adhesive interaction on the basis of probability cellular automaton models. On
the other hand, the segregation of fluids like water and Oil can be well described
by phase-field models as the Cahn-Hilliard-Navier-Stokes-equation.

Here we investigate the relation between the two approaches and to what ex-
tent parameters can be transformed between the two models. Further, by com-
paring simulations of either model to in-vitro experiments from the literature, we
conclude that cells segregation is best described by the cellular automaton. Only
a specific time regime of the segregation resembles the demixing of two liquids.
However, experimentally observed cell segregation displays both regimes of log-
arithmic and power-law segregation with varying exponent. This rich behavior
is reproduced by the cellular automaton model.

BP11.21 Mon16:30 BPp
Theoretical approaches to mechanics of biofilms — <Hur-SHUN Kuan',
‘WOLFRAM PéNISCHZ, LEANDER SELFS, FRANK JULICHER4, MICHAEL
SCHMIEDEDERG®, and VASILY ZABURDAEV' — 'Department of Biology,

Friedrich-Alexander-Universitit Erlangen-Niirnberg — 2MRC Laboratory for
Molecular Cell Biology, University College London, United Kingdom — > Institut
fiir Theoretische Physik 1, Friedrich-Alexander-Universitit Erlangen-Nirnberg
— *Max Planck Institute for the Physics of Complex Systems

Mechanics of biofilms is intrinsically affected by biological processes at differ-
ent scales: from the activity of molecular motors to motility, and to cell death
and division. As a result, the rheological properties of these bacterial colonies
are markedly different from those exhibited by systems at thermal equilibrium.
In this work, motivated by biofilms of Neisseria gonorrhoeae bacteria, we use a
continuum theory and agent-based numerical simulations to study dense bacte-
rial colonies shaped by attractive intercellular interactions. We can describe the
formation of a colony as a phase separation process while the colony itself be-
haves as a viscoelastic material. By studying the behaviour of the colonies under
oscillatory shear, we can link their mechanical properties to the dynamics of the
intercellular forces. Due to the turnover of these active forces, the colonies show
a liquid-like behaviour at large times and strong shear-thinning effect under the
large amplitude of the oscillatory shear. Our study provides an important insight
on how the active intercellular forces define the material properties of living ag-
gregates which can now also be tested experimentally.

BP11.22 Mon 16:30 BPp
Nanoprobing of osteoblasts adhered to molecular landscapes of dendrimer
and protein — CHRISTIAN VOLKNER' , IssAm ASSII, WILLI KARBERGI, *REGINA
LANGEI, MARTINA GRUNING? , BARBARA NEBE® , INGO BARKEl, and SYLviA
SpeLLER' — !University of Rostock, Institute of Physics, Physics of Surfaces &
Interfaces, 18059 Rostock — 2Rostock University Medical Center, Dept. of Cell
Biology, 18057 Rostock
Molecular surface gradients can constitute electric field landscapes and serve to
control local cell adhesion and migration. This may allow the discovery of routes
to improve osseointegration of implants. Flat molecule aggregate landscapes of
amine-terminated dendrimers (PAMAM, generation 1) or proteins (BSA) were
prepared on glass by micro contact printing [1] to provide lateral electric field
gradients through their less negative zeta potentials compared to the glass sub-
strate.
The local as well as the mesoscopic responses of adhered osteoblasts (MG-63)
were studied by means of Scanning Ion Conductance Microscopy (SICM) [2]
and Fluorescence Microscopy, in situ.
A distinct spindle shape oriented parallel to the stripe pattern as well as a prefer-
ential adhesion of the cells on the glass site have been observed when the width
of the stripes and the spacing is 6 or 20 ym. To explain this effect, we suggest a
retraction mechanism according to cathodic taxis, a subtype of galvanotaxis [3].
[1] Whitesides et al., Chem. Rev. 105, 1171 (2005)
[2] Korchev et al., Biophys. J. 73, 653 (1997)
[3] Djamgoz et al., J.of Cell Science 117, 1631 (2004)
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BP11.23 Mon 16:30 BPp
Kinetics of light-switchable surface association of C. reinhardtii popula-
tions — *RODRIGO CATALAN', ALEXANDROS FRAGKOPOULOS', NICOLAS VON
TROTTI, SIMON KELTERBORNZ, PETER HEGEMANNZ, and OLIVER BAumcHEN"?
— 'Max Planck Institute for Dynamics and Self-Organization (MPIDS), Am
Fassberg 17, 37077 Géttingen, Germany — “Humboldt University of Berlin, In-
stitute of Biology, 10115 Berlin, Germany. — >University of Bayreuth, Experi-
mental Physics V, 95440 Bayreuth, Germany
Bacterial and microalgal colonization on surfaces produce favorable and adverse
effects in technological and medical settings. Therefore, the fundamental aspects
of biofilm formation on solid substrates are actively studied. While bacteria have
been the main focus of research to understand microbial surface colonization,
analogous studies using archetypes in microalgae are thus far elusive. We exploit
light-switchable flagellar adhesion of C. reinhardtii [Kreis et al., Nature Physics,
2018] to study the kinetics of adsorption and desorption of cell suspensions on
glass using bright field microscopy and image analysis. We observe that both
processes exhibit a lag response relative to the time at which blue- or red-light
conditions are set and we model this feature using time-delayed Langmuir ki-
netics. We find that adsorption occurs significantly faster than desorption, with
the delay to be an order of magnitude larger. Adsorption experiments of pho-
totactically blind C. reinhardtii mutants show that phototaxis does not affect the
kinetics of either process. Hence, our method can be used as an assay for char-
acterizing surface colonization.

BP11.24 Mon 16:30 BPp
Unravelling the biomolecular origin of light-switchable adhesion of Chlamy-
domonas to surfaces — *ANTOINE GIROT', RODRIGO CATALAN', ALEXAN-
DROS FRAGKOPOULOSI, MARZIEH KARIMII, SIMON KELTERBORNz, PETER
HEGEMANNz, MICHAEL HIPPLER3, and OLIVER BAumcHEN"* — !Max Planck
Institute for Dynamics and Self-Organization (MPIDS), 37077 Géttingen, Ger-
many — “Institute of Biology, Humboldt University of Berlin, 10099 Berlin, Ger-
many — >Institute of Plant Biotechnology and Biology, University of Miinster,
48143 Miinster, Germany — 4Experimental Physics V, University of Bayreuth,
95440 Bayreuth, Germany
In this work, we focus on the adhesion of the biflagellated microalga Chlamy-
domonas reinhardtii. We discovered that this alga exhibits light-switchable ad-
hesion, i.e. the flagella of the cells stick to surfaces under blue but not under red
light. In order to unravel the biomolecular origin of this specific light-regulated
behaviour, two different experimental approaches are carried out. First, we
record the kinetics of the adsorption and desorption of a cell suspension to a sur-
face in response to a light switch. Second, we employ in vivo micropipette force
spectroscopy to measure the adhesion force of single cells. By applying these
methods for different wild-type strains, we aim at identifying characteristic gene
sequences associated to cells adhesion. To unravel the blue-light sensitive pho-
toreceptor responsible for adhesion, these experiments are performed with spe-
cific photoreceptor-deleted mutants. Finally, we investigate how the glycosyla-
tion of the flagellar membrane proteins affects the adhesion of Chlamydomonas.

BP 11.25 Mon 16:30 BPp
Determination of the effective adhesion parameter for the sorting behavior
of a cell system with several cell types using statistical learning methods —
ePHILIPP ROSSBACH, STEFFEN LANGE, HANS-JOACHIM BOHME, and ANJA Voss-
BoHME — Hochschule fiir Technik und Wirtschaft Dresden
The process of cell sorting plays an essential role in development and mainte-
nance of tissues. To understand this process, mathematical modeling can assist
cell biological research by providing means to analyze the consequences of differ-
ent hypotheses on the underlying mechanisms. In the Differential Adhesion Hy-
pothesis (DAH) by Steinberg (1962) it is assumed that cell sorting is determined
by quantitative differences in cell type specific intercellular adhesion strengths.
An implementation of the DAH is the Differential Migration Model (DMM) by
Voss-Bohme and Deutsch (2010). From this DMM an effective adhesion pa-
rameter (EAP) for systems with two cell types can be derived analytically which
predicts the asymptotic sorting pattern. However, the existence and form of such
an parameter for more than two cell types is unclear.

Here, we investigate numerically the existence of an EAP for systems with
more than two cell types. We rely on in-silico time-series data that is produced
by a cellular automaton which emulates the DMM and classify the segregation
behavior using statistical learning methods such as SVM and Logit Model. We
use these tools to demonstrate the existence of an EAP for three cell types which
matches our analytical prediction for systems with arbitrary many cell types.

BP11.26 Mon 16:30 BPp
Optogenetic control of intracellular flows and cell migration: a minimal ac-
tive gel model — «OLIVER M. DROZDOWSKII’Z, FaLkO ZIEBERTl’z, and UL-
RICH S. Scuwarz"™ — !Institute for Theoretical Physics, Heidelberg Univer-
sity, Philosophenweg 19, 69120 Heidelberg, Germany — “BioQuant, Heidelberg
University, Im Neuenheimer Feld 267, 69120 Heidelberg, Germany
The actin cytoskeleton of cells is in continuous motion due to both polymer-
ization of new filaments and their contraction by myosin II molecular motors.
Through adhesion to the substrate, such intracellular flow can be converted into
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cell migration. Recently, optogenetics has emerged as a new powerful experi-
mental method to control both actin polymerization and myosin II contraction.
While optogenetic control of polymerization can initiate cell migration by ef-
fecting protrusions, it is less clear if and how optogenetic control of contraction
can effect cell migration. Here we analyze the latter situation using a minimal
variant of active gel theory into which we include optogenetic activation as a
spatiotemporally constrained perturbation. The model can describe the sym-
metrical flow of the actomyosin system observed in optogenetic experiments
but not the long-lasting polarization required for cell migration. Motile solu-
tions become possible if cytoskeletal polymerization is added to the boundary
conditions. Optogenetic activation of contraction can then initiate locomotion
in a symmetrically spreading cell and strengthen motility in an asymmetrically
polymerizing one. If designed appropriately, it can also arrest motility even for
protrusive boundaries.

BP 11.27 Mon 16:30 BPp

Reversible elastic phase field approach and application to cell monolayers —
«ROBERT CHOJOWSKI, ULRICH S. SCHWARZ, and FALKO ZIEBERT — Institute for
Theoretical Physics and BioQuant, Heidelberg University, Germany
Force generation and motion of individual cells and cell collectives are fun-
damental constituents for many biological processes, including development,
wound healing and cancer metastasis. Wound healing assays are quantitative
experiments in which a 2D cell monolayer moves into empty space, often form-
ing finger-like protrusions. Such experiments have revealed that migrating cell
monolayers are both dynamic and elastic at the same time. However, such a
combination of properties is very challenging to model with conventional ap-
proaches. Here we present a new phase field approach enabling us to predict the
dynamics of thin elastic sheets under the action of active stresses and localized
forces while ensuring reversibility as required by elasticity[1]. The continuum
equations of our model can be solved by a combination of spectral and matrix
methods and the numerical solutions can be compared to analytical ones. We
demonstrate the potential of our modelling approach by studying several bio-
logically relevant situations and geometries for single cells and cell monolayers,
including elastic bars, contractile discs and the formation of elastic protrusions
in an expanding monolayer scenario.

[1] R. Chojowski, U.S. Schwarz, F. Ziebert, Reversible elastic phase field ap-
proach and application to cell monolayers, Eur. Phys. J. E 43, 63 (2020)

BP11.28 Mon 16:30 BPp
Morphodynamics in the Foraging of Physarum polycephalum — eLisa
Scuick and KAREN ALiMm — Technische Universit"at M"unchen
Foraging behaviour of animals is generally described as optimized for maximal
energy uptake per time spend foraging within optimal foraging theory. Food
sources often occur as food patches, so that foraging becomes a balance between
time spent for exploration and time spent for patch exploitation leading to the
question at which point a patch should be abandoned. Foraging behaviour in a
patchy habitat can also be observed in unicellular but spatially extended organ-
isms like Physarum polycephalum. However, it is unclear which foraging strategy
the large and adaptive network-like morphology allows for. The plasmodial net-
work of P. polycephalum adapts its morphology in the process of foraging by mass
transport. Recent observations show that on encounter of a food patch, depend-
ing on body size, the whole body is relocated for exploitation. We here study
the morphological changes as a function of network size and nutritional state
by introducing a model for the exploration and exploitation phases in P. poly-
cephalum. We estimate the energy uptake from our foraging observations in
order to obtain rules for the foraging behaviour.

BP11.29 Mon 16:30 BPp
A general theoretical framework to describe the influence of electric field
on Mesechymal stem cell differentiation — ¢JONATHAN DAWSONI, URSULA
vaN RIENEN"?*, Pon Soo Leg®, and Revarur Appart™® — 'Institute of Gen-
eral Electrical Engineering, University of Rostock, Germany — >Life, Light
and Matter, Interdisciplinary Faculty, University of Rostock, Germany — >Max
Bergmann Center for Biomaterials, Institute for Materials Science, Technical
University of Dresden, Dresden, Germany — 4Ageing of Individuals and So-
ciety, Interdisciplinary Faculty, University of Rostock, Germany
Bone regeneration is a highly complex and tightly regulated process which in-
volves concerted and controlled action of human mesenchymal stem cell (hMSC)
proliferation and differentiation into osteoblasts. Multiple physiological and en-
vironment factors influence the osteogenic differentiation and proliferation of
hMSCs. Here we present a quantitative study investigating the influence of ex-
ternal electric field on stem cell dynamics, specifically proliferation and differ-
entiation. In experiments, hMSCs were exposed to a low-frequency electrical
field applied via a transformer-like-coupling (TLC). Osteogenic differentiation
was quantified by measuring expression levels of cell alkaline phosphate (ALP)
activity over time. Our mean-field theory describes the dynamics of a population
of ALP stained hMSCs and takes into account cell division, cell differentiation,
and intracellular ALP activity. Our results show that the stem cell differentiation
rate is electric field dependent, and the proliferation rate is cell-density depen-
dent.
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BP11.30 Mon 16:30 BPp
Asymmetries & gradients during early C. elegans embryogenesis — s REBECCA
BENELLI, PHILIPP STRUNTZ, DIRK HOFFMANN, and MATTHIAS WEISs — Univer-
sitdt Bayreuth
To enable differentiation of cells and to facilitate cell organization the establish-
ment of gradients is crucial in early embryogenesis. We have used the model
organism C. elegans and a custom built light-sheet microscope to study the for-
mation of protein and organelle gradients in three dimensions over time. Due
to the low phototoxicity and reduced bleaching induced by this selective illumi-
nation long term observations without developmental perturbations are made
possible. The focus of the current study is on evolution until the first cell divi-
sion, which, next to the different sized daugther cells, is characterized by a lot
of accompanying asymmetries. We study the protein concentration of two vital
proteins in early development with respect to their axial as well as radial dis-
tribution. Also, two organelles with opposing gradients are investigated. Since
diffusion plays a vital role in the establishment of gradients a new multiplexed
diffusion measurement technique (SPIM-FCS) is used to quantify changes in
diffusive behavior of proteins in space and time.

BP11.31 Mon 16:30 BPp

Characterisation of local membrane height fluctuations on live cells —
eMaAx ULBRICHI, CHRISTIAN VC’)LKNERI, REGINA LANGEI, SOPHIE KUSSAUERZ,
ROBERT DAVIDZ, MARTINA GRI’JNING3, BARBARA NEBES, INGO BARKEI, and
SyLvia SPELLER' — !Institute of Physics, Physics of Surfaces & Interfaces, Uni-
versity of Rostock, 18059 Rostock — *University Medical Center, Cardial Regen-
eration, University of Rostock, 18057 Rostock — 3Rostock University Medical
Center, 18057 Rostock
Assessment of cellular membrane fluctuations may aid monitoring of physiologic
and pharmacologic effects [1]. Scanning Ion Conductance Microscopy (SICM)
is a nanoprobing method to acquire morphology and dynamics on live cells. We
operate the nanopipette-probe on fixed lateral locations and record SICM time
traces in order to assess membrane fluctuations and cell activities [2]. Membrane
fluctuations of live osteoblasts and cardiomyocytes are analysed in the time and
frequency domain. Living osteoblasts and paused pacemaker cells, in average,
exhibit scaling exponents of -2.8 and -2.5, respectively, however with large varia-
tions from cell to cell and site to site. We discuss this behavior in view of reference
measurements on fixed cells and in the context of optically obtained results [3].

[1] B Rappaz, et al, Blood Cells Mol. Dis. 42 (2009) 228

[2] S-O Kim, et al, Nano Convergence (2017) 4:5

[3] B Sinha, et al, Biophys. J. (2017) 113

BP 11.32 Mon 16:30 BPp
A single-molecule view of the cytosolic membrane of Trypanosoma brucei —
ePAULA BUTTNER, MARIE SCHWEBS, and SUSANNE FENZ — Julius-Maximilians-
Universitdt Wiirzburg, Wiirzburg, Germany
African trypanosomes are the causative agents of sleeping sickness. In the blood-
stream of their host, they express a dense coat of GPI-anchored variant surface
glycoproteins (VSGs). Fluidity of this coat is fundamental for the evasion of
the hosts immune system and thus for the survival of the parasite. However,
VSG dynamics is also limited by the lipid matrix. We have recently introduced
super-resolution imaging of intrinsically fast-moving flagellates based on cyto-
compatible hydrogel embedding and found that the inner membrane leaflet ap-
pears to be structured [Glogger et al. JPD 17 & Exp. Parsitol. 17]. We hypoth-
esize that the WCB (whole cell body) protein, that connects the cytoskeleton
with the plasma membrane, causes this structure. We present two-color single-
molecule measurements of a lipid probe and WCB to address this hypothesis.

BP 11.33 Mon 16:30 BPp
Multi-color fluorescence fluctuation spectroscopy in living cells via spectral
detection — ¢VALENTIN DUNSING, ANNETT PETRICH, and SALVATORE CHI-
ANTIA — Universitit Potsdam, Potsdam, Deutschland
Signaling pathways in biological systems rely on specific interactions between
multiple biomolecules. Fluorescence fluctuation spectroscopy is a powerful
toolbox to quantify such interactions directly in living cells. Cross-correlation
analysis of spectrally separated fluctuations provides information about inter-
molecular interactions, but is conventionally limited to two fluorophore species.
Here, we present scanning fluorescence spectral correlation spectroscopy (SF-
SCS), a versatile approach that can be implemented on standard confocal mi-
croscopes, allowing the investigation of interactions between multiple protein
species at the plasma membrane of cells. We demonstrate that SESCS enables
cross-talk-free cross-correlation, diffusion and oligomerization analysis of up to
four protein species labeled with strongly overlapping fluorophores. As an ex-
ample, we investigate the interactions of influenza A virus (IAV) matrix protein
2 with two cellular host factors simultaneously. We furthermore extend raster
spectral image correlation spectroscopy (RSICS) to four species analysis and ap-
ply it to determine the stoichiometry of ternary IAV polymerase complexes in
the cell nucleus. Based on triple correlation analysis of RSICS data, i.e. detection
of coincident fluctuations of fluorescence signals emitted by three fluorophore
species, we provide direct evidence for the assembly of ternary protein com-
plexes.
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BP 11.34 Mon 16:30 BPp
Conditions for thermodynamic stability and critical points in multicompo-
nent mixtures with structured interactions — *ISABELLA GRAF and BENJAMIN
MacHTA — Yale University, New Haven, CT, USA
Multicomponent mixtures are ubiquitous in biology, ranging from cellular mem-
branes to liquid-like droplets. There is experimental evidence that their phase
behavior plays a functional role for signaling and control of biochemical reac-
tions and is under regulation itself. For instance, it has been demonstrated re-
cently that membranes composed of a large variety of lipids are tuned close to a
miscibility critical point. Theoretical work has shed light on the phase behavior
of idealized systems with many components and random, mutually independent
interactions, but there is little understanding of how these results generalize to
systems with more structured interactions. To address this open question, we
consider a family of multicomponent models with an interaction matrix of vari-
able rank. The matrix is constructed so that each component is characterized by
several scalar “features”, each of which conveys an Ising-like interaction between
neighboring components and could be interpreted as lipid tail length, headgroup
or saturation in the case of membrane lipids. We derive analytical, mean-field
conditions for the occurrence of thermodynamic stability and (higher-order)
critical points and find that these conditions depend on the cumulants of the
principal components of the feature distribution. These results might provide
important insights into critical membrane behavior and phase behavior of mul-
ticomponent mixtures more generally.

BP11.35 Mon 16:30 BPp
Modeling RNA Polymerase II clusters by lattice kinetic Monte Carlo simula-
tions — «TIM KLINGBERGI’Z, LENNART HILBERTS, and VASILY ZABURDAEV "2
— !Priedrich-Alexander-Universitit Erlangen-Niirnberg — 2Max-Planck-
Zentrum fiir Physik und Medizin — *Karlsruher Institut fiir Technologie
Eukaryotic genes are mainly transcribed by RNA polymerase II (Pol II). Before
active transcription starts, Pol II is recruited to the promoter region of a specific
gene and then released from a paused state into transcript elongation. Clusters of
paused Pol IT of various sizes and morphologies can be observed in zebrafish em-
bryos (Pancholi et al.). Here, we aim to understand the physical mechanisms that
are essential for the cluster formation and determine their emerging properties.
To this end, we apply two-dimensional lattice kinetic Monte Carlo simulations
with single Pol II particles interacting with DNA polymers, whose dynamics are
determined by the Verdier-Stockmayer algorithm. The model suggests that for-
mation of Pol II clusters can be rationalized as phase separating phenomenon
where polymerases form a liquid phase that wets the chromatin at the promoter
region. Cluster properties such as size and morphology can be linked to the size
of the promoter region and the respective gene. Despite the simplicity of the
model, it is sufficient to qualitatively describe the experimentally observed clus-
ter properties in normal conditions and under drug treatments interfering with
the transcription process.

BP11.36 Mon 16:30 BPp
Euchromatin reorganisation during transcription resembles active mi-
croemulsion — ¢RAKESH CHATTER]EEI’Z, Hui-SHuN KUANI’Z, and VASILY
ZaBURDAEV? — !Department of Biology, Friedrich-Alexander-Universitit
Erlangen-Niirnberg, 91058 Erlangen, Germany — “Max Planck Zentrum fiir
Physik und Medizin, 91058 Erlangen, Germany
During transcription RNA polymerase II (Pol II) attaches and moves along the
DNA strand to produce messenger-RNA (mRNA). The selective induction of
transcription from DNA into RNA shapes and is being shaped by the chromatin
organisation. To investigate this complex interplay, we aim to establish a phe-
nomenological model, which qualitatively mimics the experimental results re-
garding transcription process in primary cell cultures obtained from zebrafish
embryos. Our phenomenological lattice model is based on the framework of
microphase separation or microemulsion. DNA, mRNA and Pol II serve as the
three basic components similar to the oil-water-surfactant system, which ex-
hibits two and three phase coexistence. Freely diffusing Pol IT undergoes chemi-
cal transitions reflecting different stages of the transcription process. Similar be-
haviour can be realised by assuming transient dynamics of the surfactants which
switches between active and inactive states. We use lattice model simulations
and the correlation function approach to characterises different phases of this
three component system. The resulting structures can be understood via the
continuum theory that we derive by coarse-graining the lattice model.

BP 11.37 Mon 16:30 BPp
Deformability-based cell sorting by a microfluidic ratchet effect —
«SEBASTIAN W. KRrAUSS, PIERRE-YVES GIRES, WINFRIED SCHMIDT, WALTER
ZIMMERMANN, and MATTHIAS WEISs — University Bayreuth, Bayreuth, Ger-
many
Various physiological states impact on the rigidity of cells, e.g. aging, infection,
or cancer. Cellular rigidity can be quantified with a high throughput by moni-
toring cell deformations during passage through a narrow constriction in a mi-
crofluidic device [1]. In contrast to this mere feed-forward approach, we use
an asymmetric periodic flow protocol to exploit flow-induced deformations for
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sorting cells according to their stiffness. In particular, we apply an asymmetri-
cally oscillating flow in a microfluidic channel that leads to a zero net drift of
solid polystyrene particles, whereas deformable objects, here taken as red blood
cells, experience a nonzero deformation-dependent displacement in each cycle.
Preliminary results suggest this approach to be a versatile tool for screening the
physiological state of cells.

[1] Otto, O., et al. (2015) Nature Methods 12.3, 199

BP11.38 Mon 16:30 BPp
Mechanical phenotyping beyond geometrical constraints using virtual flu-
idic channels — ¢MUZAFFAR PANHWARI, FABIAN CZERWINSKII, VENKATA
A.S. DABBIRRUI, YESASWINI KOMARAGIRII, PETER NESTLERI, Bos FREGINI,
RicarpO H. PirEs', DOREEN BIEDENWEG®, and OLIVER OtTo! — 'AG
Biomechanic, ZIK-HIKE, Universitit Greifswald, Greifswald, Deutschland —
*Universititsmedizin Greifswald, Greifswald, Deutschland
Microfluidic techniques have proven to be of key importance for achieving high-
throughput cell mechanical measurements. However, their design modifications
require sophisticated cleanroom equipment. Here, we introduce virtual fluidic
channels as a flexible and robust alternative to Poly-dimethylsiloxane chips. Vir-
tual channels are liquid-bound fluid flows that can be tailored in three dimen-
sions within seconds for rheological studies on a wide size range of biologi-
cal samples. While cell deformation inside standard hard-wall constrictions is
mainly driven by shear stress, virtual channel possess an additional normal stress
component originating from the liquid-liquid interface. We demonstrate that
this interface acts as a high-frequency liquid cantilever for probing cell rheology
on a millisecond timescale. In proof-of principle experiments, cells are treated
with cytochalasin D to inhibit actin polymerization. A significant reduction in
the Young’s modulus is found compared to untreated cells. In addition, we uti-
lize virtual channels to measure the mechanical properties of single cells and
spheroids as a tissue model system. Our results indicate that the Young’s modu-
lus of single cells exceeds the one of tissue by one order of magnitude.

BP 11.39 Mon 16:30 BPp
Monitor, categorize and manipulate label-free water-in-oil droplets in mi-
crofluidic systems — ¢ToBIAS NECKERNUSS ™ , CHROSTOPH FREYZ, JoNas
PFEIL1’3, DANIEL GEIGERl’a, ILiA PLATZMAN2, JoacHIM SPATZZ, and OTHMAR
Marrt! — !Institute for Experimental Physics, Ulm University — >Max-Planck-
Institute for Medical Research, Heidelberg — >Sensific GmbH, Germany
A key point of droplet based microfluidics is the availability of powerful but
easy-to-implement methods for high throughput real-time analysis and auto-
mated manipulation of the droplets. We developed a novel optical device, con-
sisting of a fast camera with integrated data processing for smart and fast algo-
rithms enabling label-free real-time monitoring and active manipulation of pass-
ing droplets. The device continuously analyzes up to 3000 particles per second
in real-time with respect to bright-field image parameters like size, brightness,
granularity, circumference, speed and many more. According to these parame-
ters and combinations thereof, the passing droplets can be sorted. We measure
different droplet production parameters and demonstrate label-free detection of
cells encapsulated in droplets. Furthermore, we performed label-free sorting of
cell laden droplets from empty droplets. The peripheral sorting electronics are

controlled by our device. Decision making is based on predefined parameter
ranges that are compared to the measurement results of the droplets right be-
fore the sorting gate. Similarly, in another experiment we demonstrate efficient
sorting of droplets depending on size.

BP11.40 Mon16:30 BPp
Transition of adherent to suspension state: relevance to cell mechanical prop-
erties — sVENKATA DaBBIRU', EMMANUAL Manu', Huy TunG Dau’, Nora
B(")DECKERl, DOREEN BIEDENWEGZ, RicArRDO PIREsl, and OLIVER OTTO! —
!University of Greifswald, Germany — *University Medicine Greifswald, Ger-
many
Adherent cells often detach from their native surface as a result of important
physiological changes such as those, for example, found in cancer. While many
studies have examined the mechanical properties of cells in their native adherent
or suspended state, few studies have addressed the consequences associated with
the transition between them. We have approached this question by using atomic
force microscopy for adherent and semi-adherent cells as well as real-time de-
formability cytometry to study the mechanical properties of cells in suspension.
As a model system, HEK293T cells have been cultured in the presence and ab-
sence of surface-tethering molecules, respectively, to mimic the transition state.
Our results show that cell detachment is associated with increased stiffening of
cells. Interestingly, surface-tethered transiently suspended cells and fully sus-
pended cells differ in their mechanical properties. Analysing the F-actin distri-
bution by confocal microscopy indicates a passive cell-surface interaction, which
is not driven by adhesion molecules.

BP11.41 Mon16:30 BPp
Brillouin microscopy studies on phase separated FUS protein droplets
— oTIMON BECKl'Z, MARK LEAVERZ, RAIMUND SCHLI'JSSLERZ, and JOCHEN
Guck"? — ! Max-Planck-Institut fiir die Physik des Lichts, Erlangen — *Biotec
TUD, Dresden
The reversible phase separation of protein-RNA condensates plays an important
role in intracellular organization and is involved, for example, in metabolic con-
trol and DNA repair. These phase-separated compartments can undergo an ir-
reversible solidification, which has been associated with neurodegenerative dis-
eases. This phenomenon has been mostly studied qualitatively and indirectly,
and a direct quantitative determination of the bulk material properties during
the solidification is still missing. Here, we use Brillouin microscopy to inves-
tigate phase-separated FUS protein droplets in vitro. Brillouin microscopy is a
non-invasive technique which measures optomechanical properties with optical
resolution using (spontaneous) Brillouin scattering. This non-elastic scattering
process occurs when light is scattered by (thermally excited) soundwaves. Quan-
tification of the Brillouin frequency shift gives direct access to the longitudinal
modulus, refractive index and mass density, while the linewidth is linked to the
viscosity. We followed the solidification of FUS protein droplets over time in a
controlled environment monitoring the changes in Brillouin shift and linewidth.
Our measurements aim to reveal the relevant time-scales and the impact of dif-
ferent buffer conditions on the solidification process. This establishes Brillouin
microscopy as a promising quantitative tool for unraveling the mechanisms of
this type of phase transition.

BP 12: Single Molecule Biophysics |

Time: Tuesday 9:00-11:00

Invited Talk BP12.1 Tue9:00 BPa
Molecular simulation meets cryo electron tomography — «GERHARD HuM-
MER — Max Planck Institute of Biophysics, Frankfurt am Main, Germany

Cryo electron tomography and molecular dynamics simulations perfectly com-
plement each other. Electron tomograms provide us with a remarkably detailed,
three-dimensional view of the molecular architecture of cells and viruses in situ,
that is in the natural context; however, this view is essentially static and atomic
resolution remains largely out of reach, in particular for dynamic biomolecular
machineries. By contrast, molecular dynamics simulations naturally give us an
atomistic view that includes dynamics, albeit in an idealized context. The syn-
ergistic potential of tomography and simulation can now be realized thanks to
an increase in the resolution achievable by cryo electron tomography, a rapid
growth in raw computational power, significant improvements in the quality
of the potential energy functions entering classical molecular dynamics simula-
tions, and the availability of simulation codes that can handle the complex molec-
ular systems encountered in situ. To illustrate the power of combining molecular
simulations with cryo electron tomography, I will present results from studies of
the spike protein of the SARS-CoV-2 virus (Turoriova, Sikora, Schiirmann et al.,
Science 2020) and from desmosome cell-cell junctions (Sikora, Ermel, Seybold
et al., PNAS 2020).
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BP 122 Tue9:30 BPa
Electronic Quantum Coherence in Photosynthetic Protein Complexes —
HoNG-GuaN DuaN DUANl, Ajay IHA1 , VANDANA TIWARIl, RICHARD ].
COGDELLZ, KHURAM ASHRAFZ, VALENTYN 1. PROKHORENKOI, eMICHAEL
THORWART, and R. J. DwayNe MiLLEr? — !Max Planck Institute for the Struc-
ture and Dynamics of Matter, Hamburg — “Institute of Molecular, Cell & Sys-
tems Biology, University of Glasgow, UK — 1. Institut fiir Theoretische Physik,
Universitit Hamburg, Germany — *University of Toronto, Canada
The search for quantum effects in biological systems led previous experiments to
report long-lived electronic quantum coherence in the primary step of the en-
ergy transfer in photosynthetic protein complexes. However, the origin of the
coherence became a topic of intense debate. We have revisited this in a joint ex-
perimental and theoretical effort studying the quantum dynamics in the Fenna-
Matthews-Olson (FMO) complex by two-dimensional electronic spectroscopy
at different temperatures. We found that the electronic coherence time is signif-
icantly shorter under ambient conditions than previously reported. To capture
solid evidence of quantum coherence, lower temperatures are required. We have
clearly observed electronic coherence with a time scale of 500 fs at low temper-
ature (20 K). However, the coherence lifetime is rapidly reduced with increasing
temperature. At room temperature, electronic coherence is too short (60 fs) to
play any functional role in the energy transfer which occurs on a time scale of
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picoseconds. The long-lived oscillations previously reported in 2D spectra are
due to Raman vibrational modes on the electronic ground state.

BP12.3 Tue9:50 BPa
Conformational Changes of IDP under Influence of Guanidinium Chlo-
ride: Integrative Approach using X-ray/Neutron Scattering and Single
Molecule Spectrosopy — <LuMAN HARISI’Z, Iwo Kt’)NIG4, MARTIN DULLEI,
AUREL RADULESCU®, INGO HOFEMANN’, OLAF HOLDERER®, ToBIAS ERICH
SCHRADERS, BEN SCHULER4, and ANDREAS MAXIMILIAN STADLER"™? — !FZ
Jiilich, JCNS-1 & IBI-8, Jiilich — 2IPC, RWTH Aachen, Aachen — >FZ Jiilich,
Outstation MLZ, Garching — “Biochemisches Institut, Universitit Ziirich,
Ziirich — °Institut Laue-Langevin, Grenoble
IDPs are identified by the presence of unfolded region due to relatively abun-
dant polar residues content within its amino acid sequence. Together with other
residues, IDPs exhibit not only high flexibility but also sensitivity to physico-
chemical fluctuation such as pH, temperature, and ions concentration. For this
reason, IDPs are involved in cellular processes such as DNA repair scheme and
chromatin modification. In this project, we pursue a quantitative description of
structure and dynamics of IDPs with different net charges: namely Prothymosin
Alpha and Myelin Basic Protein. Here, we employed neutron spin-echo spec-
troscopy (NSE) and small angle X-ray scattering (SAXS) to gain insight on the
emergence of internal friction within the peptide and its conformational change
as a function of Guanidinium Chloride (GndCl) concentration respectively. The
experimental results obtained from SAXS shows contraction and expansion as
measured by FRET. Similarly, from NSE data, we are able to extract the internal
friction which is in good agreement with FCS result.

BP12.4 Tue10:10 BPa
Do the loops in the N-SH2 binding cleft truly serve as allosteric switch in
SHP2 activation? A tale of disorder, crystal contacts, and activation free en-
ergies — MASSIMILIANO ANSELMI and «JoCcHEN S HuB — Unvierstitét des Saar-
landes, Saarbriicken, Germany
SHP?2 is a multi-domain protein, playing an important role in upregulating cel-
lular processes such as cell survival, proliferation, and programmed cell death.
SHP2 mutations cause developmental disorders and were found in many cancer
types. In healthy cells, SHP2 mainly takes an autoinhibited, inactive form, and
SHP?2 is activated upon binding of a phosphopeptide to the N-SH2 domain. For
the past two decades, the widening of the binding cleft upon peptide binding has
been considered as the key event driving SHP2 activation.

We re-analyzed the manifold amount of crystallographic data of SHP2, and
we carried out extensive MD simulations and free energy calculations of SHP2
in solution and in a crystal environment. We found that the "allosteric switch"
model is in fact compromised by crystal contacts and flexible, poorly resolved
loops, and that the degree of openness of the binding cleft does not even in-
fluence the free energy of SHP2 opening. Instead, we detected an alternative
allosteric mechanism, namely the unzipping of a central beta sheet of N-SH2,
which drives SHP2 activation. Apart from the implications on SHP2 activation
and inhibition, the study highlights that MD simulations in crystal and solution
environments are a powerful tool to avoid misinterpretation of crystal structures.

30 min. Meet the Speaker

BP 13: Multicellular Systems |

Time: Tuesday 9:00-11:00

BP13.1 Tue9:00 BPb
Elongated Cells Fluidize Malignant Tissues — eSTEFFEN GROSSER, JURGEN
LipPoLDT, LINDA OswALD, FREDERIC RENNER, and JosEr A. KAs — Peter Debye
Institute for Soft Matter Physics, Universitit Leipzig
Tissue morphology changes during tumour progression. In 2D cell cultures, dif-
ferent tissue states, such as fluid, jammed and nematic, are linked to cell shapes.
While it is not clear if these results hold true in three dimensions, they sug-
gest to investigate cell shapes and tissue states of matter in 3D. To explain cell
motility in tumors, we compare 3D cell spheroids composed of cells from a can-
cerous and a non-cancerous cell line. Through spheroid fusion experiments and
live cell tracking, we show that the epithelial sample behaves solid-like and the
malignant sample is fluidized by active cells moving through the tissue. Full 3D-
segmentations of the samples show that the fluid-like tissue has elongated cell
shapes. This links cell shapes to cell motility and bulk mechanical behaviour. We
reveal two active states of matter in 3D tissues: an amorphous glass-like state
with characteristics of 3D cell jamming, and a disordered fluid state.

BP13.2 Tue9:20 BPb
Relation between tissue homeostasis and mechnosensitivity in model epithe-
lium — «MAXIME HUBERTI, SARA KALIMANI, CARINA WOLLNIKZ, SIMONE
GEHRER', DAMIR VURNEK', D1aNA DUDZIAK?, FLORIAN REHFELDT?, and ANA-
SuncaNa Smrta"* — 'PULS Group, Friedrich Alexander University Erlangen-
Nurnberg, Erlangen, Germany — *Cell & Matrix Mechanics Group, Georg-
August-University Gottingen, Gottingen, Germany — >Group for the Biology
of Dendritic Cells, University Clinic Erlangen-Nurnberg, Erlangen, Germany
— 4Group for Computational Life Sciences, Ruder Boskovic Institute, Zagreb,
Croatia
Despite recent efforts to understand homeostasis in epithelial tissues, there are
many unknowns surrounding this cooperative steady state. In the context of
cell morphology, single cell studies set mechanosensitivity as an important reg-
ulatory process. However, mechanoresponse in tissues remains heavily debated.
Here we show that changes in matrix stiffness induce a non-equilibrium tran-
sition from tubular to squamous tissues. Despite adopting different cell shapes
and densities, all homeostatic states display equivalent topologies. This suggests
that the latter property is actively targeted in homeostasis. On the contrary, we
observe a dramatic change in the self-assembled organization of the colonies on
the macroscopic scale. Such behavior is recovered in simulations by introducing
stiffness-dependent activity. Our results unequivocally relate the mechanosen-
sitive properties of individual cells to the evolving macroscopic structures, an
effect that could be important for understanding the emergent pathology of liv-
ing tissues.

Invited Talk BP 13.3 Tue9:40 BPb
Active behaviors of cellular monolayers. — <BENoOIT LaDoUx — Institut
Jacques Monod, CNRS & Université de Paris, Paris, France
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The actomyosin machinery endows cells with contractility at a single cell level.
Within a tissue, cells are not only interacting with their substrate but also with
their neighbors. The way forces from adhesion complexes are transmitted leads
to various collective behaviors and plays a role in the active nature of cellular
monolayers. In the first part, I will show how these active behaviours and stresses
govern fundamental biological processes such as cell extrusion. By modelling
the epithelium as an active nematic liquid crystal and measuring mechanical pa-
rameters such as strain rates and stresses measurements within cellular mono-
layers, we show that apoptotic cell extrusion is provoked by singularities in cell
alignments in the form of comet-shaped topological defects. Cellular monolay-
ers display various active behaviors as exemplified by the contractile nature of
fibroblasts and the extensile nature of epithelial cells or neural crest cells. In the
second part, I will discuss how these two contradictory modes of force genera-
tion can coexist. Through a combination of experiments and in silico modeling,
we uncover the mechanism behind this switch in behaviour of cell monolayers
from extensile to contractile as the weakening of intercellular contacts. We find
that this switch in active behaviour also promotes the buildup of tension at the
cell-substrate interface through an increase in actin stress fibers and higher trac-
tion forces. Such differences in extensility and contractility act to sort cells, thus
determining a general mechanism for mechanobiological pattern formation.

BP 134 Tuel0:10 BPb
cell competition in mouse embryo — ¢GABRIELE LUBATTII, ANTONIO
SCIALDONEI, TRISTAN TRISTANZ, ANA Lima? , and SHANKAR SRINIVAS® —
"nstitute of Epigenetics and Stem Cells, Helmholtz Zentrum Munich, Mu-
nich, Germany — National Heart and Lung Institute, Imperial College London,
Hammersmith Hospital Campus, London, UK — *Department of Physiology
Anatomy & Genetics, University of Oxford, Oxford, UK
Cell competition is a biological process whereby cells eliminate their less fitted
neighbours [1] [2]. It has myriad positive roles in the organism: it selects against
mutant cells in developing tissues, prevents the propagation of oncogenic cells
and eliminates damaged cells during ageing. While it was first characterized in
drosophila [3], it is currently unclear what are the transcriptional features of cells
eliminated through competition and what are the roles of cell competition dur-
ing mammalian development. We analysed single-cell transcriptomic data from
mouse embryos around the time gastrulation starts (stage E6.5) where apopto-
sis was inhibited. We show that in these embryos a new population of epiblast
cells emerges, expressing markers of cell competition previously characterized
[4]. Our analysis also identifies additional features of eliminated cells, including
disrupted mitochondrial activity that we validate in vivo. Moreover, by using
physical modelling, we show that cell competition might play a role in the regu-
lation of embryo size, which could be particularly important around gastrulation

[5].
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BP 14: Focus Phase Separation in Biological Systems | (joint session BP/CPP)

Time: Tuesday 9:00-11:00

BP14.1 Tue9:00 BPc
Intranuclear Phase Separation of a Chromatin Scaffolding Protein —
«DAVIDE MICHIELETTOI, MATTIA MARENDAI, DaviD ZWICKERZ, and JAN
KirscuBauM® — !University of Edinburgh — “Max Planck Institute for Dy-
namics and Self-Organization
The formation and regulation of phase separated condensates is now widely seen
in vitro and cytoplasm, but far more challenging to observe and test in the cell
nucleus. In this talk I will present recent work on an abundant nuclear RNA-
binding protein called Scaffold Attachment Factor A, or SAF-A, that regulates
chromatin decompaction at transcriptionally active loci through its interaction
with RNA. Here I show that the intrinsically disordered RNA binding domain
of SAFA * known as an RGG domain - undergoes phase separation upon tran-
scriptional inhibition and that the size of the condensates can be controlled by
tuning the amount arginine/lysine residues in the RGG domain. By expressing
a longer, and closer to native, SAFA domain we observe that the phase separa-
tion is suppressed. To explain our findings, we propose an equilibrium model
in which a slowly diffusing RNA substrate can sequester RGG fragments; upon
transcriptional inhibition the freed up fragments can undergo phase separation
via weak self-interactions.

BP 142 Tue9:20 BPc
Quantitative phase microscopy enables precise and efficient determination of
biomolecular condensate composition — ¢PATRICK M McCarr!?, K Kim>4,
AW FRITSCHI, ™M IGLESIAS-ARTOLAI, LM ]AWERTHI’Z, ] WANGI, M RUERI,
A POZNYAKOVSKIY', ] PEYCHL', ] Guck™, S ALBErTI’, AA Hyman', and ]
Bruguts"” — 'MPI-CBG, Dresden — “MPI-PKS, Dresden — *TU Dresden
— *MPI Science of Light
Many cellular processes rely on condensed macromolecular phases termed
biomolecular condensates. Despite progress in measurements and theoretical
descriptions of several condensate properties, an understanding of their most ba-
sic feature, composition, remains elusive. Here we combined quantitative phase
microscopy and sessile droplet physics to measure the shape and composition of
individual model condensates. This technique requires 1000-fold less material
than traditional approaches, achieves a precision of better than 2 %, and does
not rely on fluorescent tags, which we show can significantly alter phase behav-
ior. The protein concentrations measured in three model condensates span a
broad range, from 80 to 500 mg/ml, pointing to a natural diversity in condensate
composition specified by protein sequence. We report salt- and temperature-
dependent binodals as well as time-resolved measurements revealing that PGL3
condensates undergo a contraction-like process during aging. This leads to dou-
bling of the internal protein concentration coupled to condensate shrinkage. We
anticipate that this new approach will enable understanding the physical prop-
erties of biomolecular condensates and their function.

Location: BPc

BP 14.3 Tue9:40 BPc
Quantitative Theory for the Diffusive Dynamics of Liquid Condensates
— eLARS HUBATSCHI’Z, Loulise M ]AWERTHI’Z, CELINA LOVEZ, JONATHAN
BAUERMANNI, STEFANO Bol, T-Y Dora TANGZ, ANTHONY A HYMANZ, and
CurisTorH A WEBER"? — 'Max Planck Institute for the Physics of Complex
Systems, Dresden, Germany — “Max Planck Institute of Molecular Cell Biology
and Genetics, Dresden, Germany
To unravel the biological functions of membraneless liquid condensates it is
crucial to develop a quantitative understanding of the physics underlying their
dynamics. Key properties of such condensates are diffusion and exchange of
material with their environment. Experimentally, such diffusive dynamics are
typically probed through the direct observation of the individual or collective
motion of fluorescently labelled molecules. However, to date we lack a physics-
based quantitative framework for the dynamics of labeled condensate compo-
nents. Here, we derive the corresponding theory, building on the physics of
phase separation, and quantitatively validate this framework via experiments.
We show that using our theory we can precisely determine diffusion coefficients
inside liquid condensates via a spatio-temporal analysis of fluorescence recovery
after photobleaching (FRAP) experiments. We showcase the accuracy and pre-
cision of our approach by considering space and time resolved data of protein
condensates and two different coacervate systems. Strikingly, our theory can be
used to determine the diffusion coefficient in the dilute phase and the partition
coeflicient, purely based on fluorescence measurements in the droplet.

BP 144 Tue10:00 BPc
Interactions of droplets with polymer networks at the mesh and continuum
scale — eTHOMAS | BOEDDEKERl, ESTEFANIA VIDALZ, KATHRYN A Rosowskr! s
DavID ZwickiRr?, and Eric R DUErRESNE! — 'ETH Zurich, Zurich, Switzerland
— 2MPI DS, Gaottingen, Germany
Phase-separation of biomolecules in cells takes place in a complex environment
crossed by multiple filaments of the cytoskeleton or chromatin. Interactions
between the emerging protein droplets and filaments take place over different
length scales and may lead to motion and deformation of both network and
droplet. In this shared talk, Thomas presents experimental work on the inter-
actions of stress granules, a phase-separated protein-RNA droplet in the cytosol,
with the heterogeneous microtubule network at the mesh scale. Inspired by ob-
servations in the cell, we then turn to synthetic gels where elastic effects produce
ripening in stiffer materials leading to a dissolution front. Estefania presents a
theoretical framework for the observed ripening in gradients of network stiff-
ness at the continuum scale. Our combined results present an initial approach to
understand the complex interactions throughout phase separation in an elastic
network.

30 min. Meet the Speaker

BP 15: Active Matter 1 - organized by Carsten Beta (Potsdam), Andreas Menzel (Magdeburg) and
Holger Stark (Berlin) (joint session DY/BP/CPP)

Time: Tuesday 9:30-10:30

See DY 21 for details of this session.

Location: DYa

BP 16: Single Molecule Biophysics Il

Time: Tuesday 11:00-13:30

BP 16.1 Tue11:00 BPa
Comparison of continuous and discrete Markov models of biomolecular dy-
namics — *BENJAMIN LICKERT and GERHARD STocK — Universitét Freiburg
Motions of biomolecular systems, recorded by molecular dynamics simulations,
are often modeled as Markov processes. A very popular approach is given by
Markov state models where the conformational space is divided into different
states [1]. To be Markovian, the intrastate dynamics need to be significantly
faster than the interstate dynamics. On the other hand, the observed dynamics
can be modeled as a continuous diffusive process, called Langevin dynamics, on
some low-dimensional free energy landscapes F(X). In this case, Markovianity is
given if the system, i.e., ¥(t), evolves substantially slower than the neglected de-
grees of freedom, i.e., the bath surrounding the system. Recently, a data-driven
approach was formulated to estimate such a Langevin model from a given trajec-
tory X(t). Here, we compare the features of both modeling frameworks. While
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Markov state models are very appealing due to their clearly structured genera-
tion and interpretation, Langevin dynamics have the advantage that they allow
for the estimation of continuously defined observables, like free energy and au-
tocorrelations. Using molecular dynamics simulations of systems with varying
complexity we have a look at these points in practice [2].

[1]: J.H.Prinz et al., ].Chem.Phys. 134, 174105 (2011)

[2]: B.Lickert and G.Stock, J.Chem.Phys. 153, 244112 (2020)

BP16.2 Tuell:20 BPa
Magnetic Tweezers Protein Force Spectroscopy: Applications to Von Wille-
brand Factor and SARS-CoV-2 Cell Adhesion — oJaN LipFERT', MAGNUS
BAUERI, STEFFEN SEDLAKI, AcHIM L(’)Fl, ToBI1AS OBSERZ, MARIA BREHMZ,
MARTIN BENOITI, ADINA HAUSCHI, and SopHIA GRUBER! — 1Department of
Physics, LMU Munich — ?Department of Pediatric Hematology and Oncology,
University Medical Center Hamburg Eppendorf
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The physiological function of proteins is often critically affected by forces acting
on them. We have developed a versatile and modular approach for force mea-
surements on proteins in magnetic tweezers [Lof et al. PNAS 2019; Gruber et
al. Nanoscale 2020] that enables ultra-stable (>days) and parallel measurements
(>50) in a wide force range, in particular at low forces (<1 pN).

We apply our new assay to two systems critical in human pathologies: the
blood protein von Willebrand Factor (VWF) and the Spike-mediated adhesion
of SARS-CoV-2, the causative agent of the current pandemic. First, we probe
regulatory transitions at low forces within VWE. Our results reveal fast (~250
ms) transitions in the dimeric VWF stem around 1 pN, which likely constitute
the first steps in its mechano-activation. Second, we use a tethered ligand assay
to quantitate how the SARS-CoV-2 spike protein binds to its cellular receptor
ACE2. We find that SARS-CoV-2 has a higher force stability and lower off-rate
than the previous SARS-CoV-1, which caused the 2002 pandemic, which might
contribute to different infection patterns observed for the two viruses.

BP16.3 Tuell:40 BPa
Watching an enzyme at work: Time-Resolved Serial Crystallography reveals
water mediated allosteric regulation — *HENRIKE MULLER-WERKMEISTER —
Uni Potsdam, Institut fiir Chemie, Physikalische Chemie, Karl-Liebknecht-Str.
24-25, 14476 Potsdam
We have studied the homodimeric enzyme fluoroacetate dehalogenase by time-
resolved serial synchrotron crystallography (TR-SSX). Using a fixed target based
sample delivery [1] with an efficient interlacing pattern allowed us to realize "hit-
and-return” (HARE) TR-SSX to cover the full timescale from 30 milliseconds
to 30 seconds [2]. With a photocaged substrate for reaction initiation, four cat-
alytic turnovers could be resolved [3]. The total of 18 independent structures not
only provide unprecedented insight into the reaction mechanism, showing the
substrate binding, the Michaelis-Menten-complex and the covalent intermedi-
ate, but also reveal the allosteric mechanism leading to half-the-sites reactivity.
In fact, a molecular water wire can be observed that together with molecular
breathing is clocked to the enzymatic reaction.

[1] I. Martiel, H. M. Miiller-Werkmeister, A. E. Cohen, Acta Cryst. D, 2019,
D75, 160*177 [2] E. C. Schulz*, P. Mehrabi*, H. M. Miiller-Werkmeister*, F. Tel-
lkamp, A. Jha, W. Stuart, E. Persch, R. De Gasparo, F. Diederich, E. F. Pai, R. J. D.
Miller, Nature Methods, 2018, 15 (11), 901-904 [3] P. Mehrabi*, E. C. Schulz*, R.
Dsouza, H. M. Miiller-Werkmeister, F. Tellkamp, R. J. D. Miller, E. E. Pai, Science,
2019, 365 (6458), 1167-1170

BP16.4 Tue12:00 BPa
Hybrid Kinetic Monte Carlo / Molecular Dynamics Simulations of Bond
Scissions in Proteins — *BENEDIKT RENNEKAMP"? and FRAUKE GRATER'?
— "Heidelberg Institute for Theoretical Studies, Schloss-Wolfsbrunnenweg 35,
69118 Heidelberg, Germany — *Interdisciplinary Center for Scientific Comput-
ing, Heidelberg University, INF 205, 69120 Heidelberg, Germany
Proteins are exposed to various mechanical loads that can lead to covalent bond
scissions even before macroscopic failure occurs. In regular Molecular Dynamics
(MD) simulations covalent bonds are, however, predefined and reactions cannot
occur. Furthermore, such events rarely take place on MD time scales.

We have developed a hybrid Kinetic Monte Carlo / Molecular Dynamics
(KIMMDY) scheme that overcomes the separation of time scales of these pro-
cesses and drastically increases the accessible time scales for reactive MD simu-
lations. Here, bond rupture rates are calculated in the spirit of a transition state
model based on the interatomic distances in the MD simulation and then serve
as an input for a Kinetic Monte Carlo step.

With this new technique we investigated bond ruptures in a multi-million
atom system of tensed collagen, a structural protein found in skin, bones and ten-
dons. Our simulations show a clear concentration of homolytic bond scissions
near chemical crosslinks in collagen. We suggest that these created mechanorad-
icals are a yet unknown connection converting mechanical into oxidative stress.
This application also demonstrates the scalability of our hybrid computational
approach.

BP16.5 Tue12:20 BPa
van der Waals Forces in Biomolecular Systems: from Solvation to Long-range
Interaction Mechanisms — ¢eMARTIN STOHR and ALEXANDRE TKATCHENKO —
Department of Physics and Materials Science, University of Luxembourg
A decisive characteristic of the biomolecular machinery is the access to a rich
set of coordinated processes within a small energy window. Most of these pro-
cesses involve collective conformational changes and occur in an aqueous envi-
ronment. Conformational changes of (bio)molecules as well as their interaction
with water are thereby largely governed by non-covalent van der Waals (vdW)
dispersion interactions. By virtue of their intrinsically collective nature, vdW
forces also represent a key influence on collective nuclear behavior. Our under-
standing of vdW interactions in large-scale (bio)molecular systems, however,
is still rather limited. Here, we employ the Many-Body Dispersion framework
to investigate the vdW interaction in biomolecular systems and its spatial and
spectral aspects. In particular, we show the role of beyond-pairwise vdW forces
for protein stability and highlight the delocalized character of the protein-water
vdW interaction. We further examine intrinsic electronic behaviors and reveal a
coexistence of strong delocalization with spatially-separated, yet correlated, lo-
cal domains. This, ultimately, forms the basis for a potential, efficient long-range
interaction mechanism for coordinated processes in biomolecular systems such
as enzymatic action, regulation and allostery.

BP16.6 Tue12:40 BPa
Q band mixing in chlorophyll a - spectral decomposition of Qx and Qy ab-
sorption bands — «CLARK ZAHN', TILL STENSITZKI', ANGELICA ZACARIAS®,
and KarsTEN HeYNE' — 'Institutfiir Experimentalphysik, Freie Universitit
Berlin, Arnimallee 14, 14195 Berlin, Germany — *Max Planck Institute of Mi-
crostructure Physics, Weinberg 2, D06120 Halle, Germany and ETSF
Chlorophyll a (Chl a) is one of the most abundant pigments on earth. Despite
extensive research, the composition of its absorption spectrum is yet not well
understood. Here, we apply polarization resolved femtosecond Vis pump - IR
probe spectroscopy, providing a detailed insight into Q band mixing of Chl a.
The excitation was tuned to various wavelengths covering the Q band absorp-
tion. We show, that the dichroic ratio of the keto-C=0 stretching vibration at
1698 cm-1 strongly depends on the excitation wavelength. Hence, the angle be-
tween the excited electronic transition dipole moment (tdm) and the vibrational
keto-C=0 tdm changes significantly across the Q band. By tracing this angle ®
for different excitation wavelengths, we are able to determine the Qx contribu-
tion along the Q band region. We find that Qx contributes 42-71% to the absorp-
tion of the lower energetic peak at 618 nm and to 59-100% to the absorption of
the high energy flank at around 580 nm. Complementary measurements on the
C=C stretching vibration at 1608 cm-1 provide corroborating evidence for our
findings. Our results provide a direct spectral disentanglement of the Q band,
without any previous assumptions. Thus, making them a reliable benchmark for
quantum chemical calculations.

30 min. Meet the Speaker

BP 17: Multicellular Systems Il

Time: Tuesday 11:00-13:30

BP17.1 Tuell:00 BPb
Encoding memory in biological network hierarchy — «MIRNA Kramar' and
Karen ALim™? — "Max Planck Institute for Dynamics and Self-Organization,
37077 Gottingen, Germany — 2Physik-Department, Technische Universitat
Miinchen, Garching, Germany
Remembering sources of food and threat is essential for survival. Even very sim-
ple organisms are able to encode sensory information that aids them in tack-
ling complex environments. The slime mould Physarum polycephalum is a giant
unicellular eukaryote whose body consists of a network of tubes which under-
goes constant reorganization. The mechanism behind the network reorganiza-
tion upon food encounter has not been explained previously. Here, we identify
the imprint the food stimulus leaves on network morphology as memory and
show that the network relies on tube growth and flows to encode stimulus infor-
mation. We hypothesise an encoding mechanism introducing a local release of a
chemical agent that affects the mechanical properties of the tubes and spreading
through the network by protoplasmic flows. Using a theoretical model, we test
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our hypothesis and find the model yields a correct prediction of flow-dependent
stimulus response. Finally, we investigate the role of network hierarchy in mem-
ory encoding and show that the network directly relies on existing tube diameter
hierarchy to encode the stimulus. Our findings [1] demonstrate Ppolycephalum’s
ability to encode and read stored memory and likely open doors to the use of the
organism in bioinspired design.

[1] Kramar and Alim, PNAS, in press (2021)

BP17.2 Tuell:20 BPb
A lumped-parameter model illustrates information processing and migra-
tion in the slime mold Physarum polycephalum — «CHRISTINA OETTMEIER
and HANS-GUNTHER DOBEREINER — Institut fiir Biophysik, Universitit Bremen
The slime mold P. polycephalum exhibits rich spatiotemporal oscillatory behav-
ior. The organism’s size spans orders of magnitude, from large meter-sized sta-
tionary transport networks down to micrometer-sized amoebae. All morpho-
types show actomyosin-based contraction-relaxation cycles resulting in proto-
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plasmic streaming. Furthermore, the giant amoeba shows a very high behavioral
plasticity, leading to speculations about the origins of cellular minimal cognition.
The underlying functions are not neuron-based, but are emergent phenomena,
resulting from mechanochemical processes on the tubular network. In this con-
text, we investigate how the slime mold processes information. At different parts
of a migrating amoeba, oscillation frequencies vary. Oscillations in the back
cause endoplasm flows through the internal vein system and expand the frontal
membrane. We use the electronic-hydraulic analogy, implemented in a lumped-
parameter model, to investigate this special case of information processing. A
single vein segment can be described as a flexible tube, possessing a fluidic resis-
tance (R) and fluidic capacitance (C) due to wall elasticity. The electronic equiv-
alent is a passive RC low pass filter. Thus, the oscillation frequencies at the back
are higher than those at the front due to filtering. The model can also explain the
onset of locomotion.

BP17.3 Tuell:40 BPb
Morphoelasticity of Large Bending Deformations of Cell Sheets during De-
velopment — *PIERRE A. Haas"®® and Raymonp E. GorpsTeIN? — 'Max
Planck Institute for the Physics of Complex Systems, Dresden, Germany — 2Max
Planck Institute of Molecular Cell Biology and Genetics, Dresden, Germany —
3Center for Systems Biology, Dresden, Germany — *Department of Applied
Mathematics and Theoretical Physics, University of Cambridge, United King-
dom
Deformations of cell sheets during morphogenesis are driven by developmental
processes such as cell division and cell shape changes. In elastic shell theories of
development, these processes appear as variations of the intrinsic geometry of a
thin shell. However, morphogenesis often involves large bending deformations
that are outside the formal range of validity of classical shell theories.

In this talk, I will therefore discuss a shell theory valid in this new geometric
limit of large bending deformations [1]. I will emphasise the geometric mate-
rial anisotropy that arises in this theory and the elastic role of cell constriction.
Finally, taking the invagination of the spherical embryos of the alga Volvox as a
model, I will compare this shell theory to a classical theory not formally valid
for large bending deformations and reveal how the geometry of large bending
deformations stabilises invagination [1].

[1] P. A. Haas and R. E. Goldstein, Phys. Rev. E 103 (2021, in press)

BP 174 Tue12:00 BPb
Migration of immune cells in an obstacle park — sDORIANE VESPERINT',
ZEINAB SAD)ADIZ, Heiko RIEGERZ, and FRANZISKA LAUTENSCHLAGER! —
1Experimental Physics, Saarland University, 66123 Saarbriicken, Germany —
Theoretical Physics, Saarland University, 66123 Saarbriicken, Germany
Several crucial processes in biological systems can be described as a search prob-
lem such as: finding food resources or pathogens. The presence of obstacles like
non-targeted cells or extracellular matrix in biological environments induces a
perturbation of the initial cell trajectory. For example, the presence of bystander
cells has been shown to increase the velocity and the persistence of natural killer
cells [1]. Besides obstacles density, their spatial disposition may also influence
the search efficiency. It has been demonstrated that the density and geometry of
pillar lattices affect migration strategies of cells [2].

We investigate how search efficiency is influenced by spatial arrangement of
obstacles. A microfluidic device is designed to track HL60 cells differentiated
into neutrophils in confined 2D environments. Our device consists of pillar
forests distributed in triangular or square arrangements. We calculate the escape

time and diffusion properties of the searcher in different densities and height of
pillars and investigate which key parameters influence the search efficiency.

[1] Zhou X., et al. Scientific Reports (2017)

[2] Gorelashvili M., et al. New Journal of Physics (2014)

BP17.5 Tue12:20 BPb
Cell-cell adhesion and 3D matrix confinement explain plasticity of breast can-
cer invasion — +SIMON SyGa!, PETER FriepL>>?, and ANDREAS DEUTSCH' —
!Center for Information Services and High Performance Computing, Technis-
che Universitit Dresden, Germany — 2Department of Cell Biology, Radboud
Institute for Molecular Life Sciences, Radboud University Medical Center, Ni-
jmegen, the Netherlands — *David H. Koch Center for Applied Genitourinary
Cancers, The University of Texas MD Anderson Cancer Center, Houston, TX,
USA — “Cancer Genomics Centre, Utrecht, the Netherlands
Plasticity of cancer invasion and metastasis depends on the ability of cancer cells
to switch between collective invasion modes and single cell dissemination, under
the control of cadherin-mediated cell-cell junctions. E-cadherin is considered a
tumor suppressor, the downregulation of which causes single-cell scattering in
2D environments. In clinical samples, however, E-cadherin expressing and defi-
cient tumors both invade collectively and metastasize equally, implicating addi-
tional mechanisms controlling cell-cell cooperation and dissemination. Using a
cellular automaton model we identify physical confinement by the extracellular
matrix (ECM) as the dominant physical mechanism that supports collective in-
vasion irrespective of the composition and stability of cell-cell junctions. In par-
ticular, we predict that downregulation of E-cadherin results in a transition from
coordinated to uncoordinated collective movement along extracellular bound-
aries, whereas single-cell escape depends on locally free tissue space.

BP17.6 Tuel2:40 BPb
Learning the dynamics of cell-cell interactions in confined cell migration —
«DAVID BRfICKNERl, Nicoras ARLTZ, ALEXANDRA FINKI, PIERRE RONCERAY3,
JoacHiM RADLER?, and CHASE Broepersz™ — !Arnold Sommerfeld Cen-
ter for Theoretical Physics and Center for NanoScience, Ludwig-Maximilians-
Universitit, Miinchen — 2Faculty of Physics and Center for NanoScience,
Ludwig-Maximilians-Universitit, Miinchen — >Center for the Physics of Biolog-
ical Function, Princeton University, Princeton, NJ 08544, USA — “Department
of Physics and Astronomy, Vrije Universiteit Amsterdam, 1081 HV Amsterdam,
The Netherlands
Contact-mediated cell-cell interactions play a key role in shaping the stochastic
trajectories of migrating cells. But how can we describe the stochastic dynamics
of colliding cells in a unifying theoretical framework? To address this question,
we monitor stochastic cell trajectories in a micropatterned cell collider in which
pairs of cells perform repeated cellular collisions. Capitalizing on this large ex-
perimental data set of coupled cell trajectories, we infer an interacting stochastic
equation of motion that accurately predicts the observed interaction behaviors.
Our approach reveals that interacting non-cancerous MCF10A cells can be de-
scribed by repulsion and friction interactions. In contrast, cancerous MDA-MB-
231 cells exhibit novel and surprising attraction and anti-friction interactions,
promoting the predominant relative sliding behavior observed for these cells.
Based on the inferred interactions, we show how our framework may general-
ize to provide a unifying theoretical description of diverse cellular interaction
behaviors.

30 min. Meet the Speaker

BP 18: Cell Mechanics IV

Time: Tuesday 11:00-12:00

BP18.1 Tuel1:00 BPc
Direct measurements of interactions between intermediate filaments —
*ANNA V. SCHEPERSI, CHARLOTTA LORENZI, PETER NIETMANNZ, ANDREAS
]ANSHOFFZ, STEFAN Krumpp’, and SaARAH KOSTER! nsitute for X-Ray
Physics, Georg August University Gottingen — Institute of Physical Chemistry,
Georg August University Gottingen — >Institute for Dynamics of Complex Sys-
tems, Georg August University Gottingen
The cytoskeleton consists of F-actin, microtublues and intermediate filaments
(IFs), which form a complex composite network. F-actin and microtubule net-
works have been studied extensively and a large variety of cross-linkers are
known. By contrast, the interactions in reconstituted IF networks are less well
understood. It has, however, been shown that multivalent ions cause bundling
and network stiffening. While rheological experiments give insight into the slow
stiffening and mechanics of vimentin IF networks, it is challenging to distinguish
the contributions of filament stiffening and of increased attraction. Combining
optical trapping and fluorescence microscopy enables us to bring two single vi-
mentin IFs in contact and directly study the interactions between the filaments.
By amplifying electrostatic attraction or diminishing the hydrophobic interac-
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tions we are able to study the nature of the interactions between IFs. These re-
sults, in combination with studies of the mechanical properties of single IFs, al-
low us to model the interactions with Monte-Carlo simulations, thereby gaining
a deeper understanding of cytoskeletal structures.

BP 182 Tuel11l:20 BPc
Stiffening of the Ndc80 complex, the main mirotubule-kinetochore linker
— oFELIX SCHWIETERT and JAN KIERFELD — TU Dortmund University, 44221
Dortmund, Germany
In the mitotic spindle microtubules attach to chromosomes via kinetochores,
whose molecular structure and mechanical properties are not completely un-
derstood. Over the past years, it became evident that the Ndc80 complex plays a
major role for attaching microtubules to the kinetochore and transmitting forces
from depolymerizing microtubules to the chromosome. The Ndc80 complex is a
rod-like coiled-coil with globular end domains that bind to the kinetochore and
the microtubule, respectively. Due to its force transmitting function, its elas-
tic properties are of great interest for modeling and understanding chromosome
dynamics in the mitotic spindle. Here, we theoretically explain the recent ex-
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perimental result that the effective stiffness of a Ndc80 complex increases under
tension [1]. Our model is based on the specific architecture of the Ndc80 com-
plex, which has a characteristic flexible kink at approximately one third of its
length.

[1] V. A. Volkov, P. J. Huis in ’t Veld, M. Dogterom, and A. Musacchio, eLife
7:e36764 (2018)

BP 18.3 Tuel1l:40 BPc
Development of microtentacles in suspended cells upon weakening of the
actin cortex — eLUCINA KAINKA, REZA SHAEBANI, LUDGER SANTEN, and
FRANZISKA LAUTENSCHLAGER — Saarland University, Center for Biophysics,
66123 Saarbriicken
Circulating Tumor Cells (CTCs) pose a significant threat due to their role in
metastasis: It has been proposed that CTCs are able to escape the blood stream

and reattach to the tissue by the formation of so-called microtentacles (McTNs).
McTNs are microtubule based membrane protrusions with a diameter of less
than 1 ym and a length of tens of ym.

In CTCs the balance of the outward growing microtubule and the contractive
forces of the actin cortex is disrupted enabling microtubules to form these kind
of protrusions. Using cytoskeletal drugs which are targeting the actin cortex in-
tegrity we induce McTNs even in non-cancerous RPE1 cells. We investigate the
presence of microtubules and actin as well as vimentin under those conditions.
Furthermore, we established a statistic over the number and lengths of McTNs
depending on different drug concentrations applied.

Scanning electron microscopy images of the cytoskeleton beneath the plasma
membrane of McTNs give further insight into their cytoskeletal composition.

BP 19: Active Matter 2 - organized by Carsten Beta (Potsdam), Andreas Menzel (Magdeburg) and
Holger Stark (Berlin) (joint session DY/BP/CPP)

Time: Tuesday 11:00-13:00

See DY 23 for details of this session.

Location: DYa

BP 20: Focus Biological Cells in Microfluidics |

Time: Tuesday 12:00-13:30

BP20.1 Tue12:00 BPc
Numerical Investigation of Cell Deformation during Bioprinting —
*SEBASTIAN JOHANNES MULLER and STEPHAN GEKLE — Universitidt Bayreuth,
Bayreuth, Deutschland
In 3D bioprinting, cells suspended in hydrogel are deposited through a fine noz-
zle, creating three dimensional biological tissues. Due to the high viscosity of
the hydrogel, the cells experience hydrodynamic stresses that deform or damage
the cells and can ultimately affect the viability and functionality of the cells in
the printed construct.

Using numerical methods, we quantify these deformations in dependency of
the flow parameters and cell elasticity. We consider shear thinning fluid rheology
and validate our Lattice Boltzmann flow calculations with microfluidic flow ex-
periments of typical hydrogel materials. Our hyperelastic cell, modeled as purely
elastic continuum with neo-Hookean force calculations, is validated with exper-
imental data for cells obtained via AFM indentation measurements.

By coupling our cell model with the fluid simulations, we investigate the cell
deformation in typical flow scenarios, like capillary and shear flow. As essen-
tial part of the printing process, we further simulate the cell flowing through the
transition from the printer nozzle into the free hydrogel strand, where additional
radial flow components stretch the cell at short time scale.

BP 20.2 Tue12:20 BPc
Microfluidic platforms to study forces on model cells — Tom ROBINSON —
Max Planck Institute of Colloids and Interfaces, Potsdam, Germany
Biological cells in their natural environment experience a variety of external
forces such as fluidic shear stresses, osmotic pressures, and mechanical loads.
The response of cell membranes to such forces is of great interest and model sys-
tems such as giant unilamellar vesicles (GUVs) offer the chance to investigate in-
dividual components without interference from cellular complexity (Robinson,
Adv Biosyst., 2019). However, being able to handle and apply forces to these
delicate objects in a controllable manner is non-trivial. Therefore, we present
several microfluidic platforms to create, capture, analyse, and apply forces to
GUVs. First, we present platforms for surfactant-free GUV production (Yan-
drapalli, et al. bioRxiv, 2020) as well as their high-capacity capture and isolation
(Yandrapalli & Robinson, Lab Chip, 2019; Yandrapalli, et al. Micromachines,

Location: BPc

2020). Lipid rafts are thought to play an important role in the spatial organiza-
tion of membrane proteins. Therefore, GUVs with membrane domains are used
as models to explore their behaviour in response to external forces. We use valve-
based systems to apply precise fluidic shear stresses vesicles (Sturzenegger, et al.
Soft Matter, 2016) and a device with an integrated micro-stamp to mechanically
compress GUVs to study the effects that deformation has on lipid rafts (Robin-
son & Dittrich, ChemBioChem 2019). Microfluidic valves are also used to apply
precise osmotic changes to measure membrane permeability to water (Bhatia et
al. Soft Matter, 2020).

BP20.3 Tue12:40 BPc
High Throughput Microfluidic Characterization of Erythrocyte Shapes and
Mechanical Variability — eFELIX REICHELI’Z, JOHANNES MAUER’, AHSAN
Nawaz!, GERHARD GOMPPER’, JOCHEN Guck!, and DmrTrY FEDOSOV® —
"Max Planck Institute for the Science of Light and Max-Planck-Zentrum fiir
Physik und Medizin, Erlangen — “Biotechnology Center, Center for Molecu-
lar and Cellular Bioengineering, Technische Universitit Dresden, Dresden —
3Theoretical Soft Matter and Biophysics, Institute of Complex Systems and In-
stitute for Advanced Simulation, Forschungszentrum Jiilich, Jiilich
The circulation of red blood cells (RBCs) in microchannels is important in mi-
crovascular blood flow and biomedical applications such as blood analysis in mi-
crofluidics. Current understanding of the complexity of RBC shapes and dynam-
ical changes in microchannels is mainly formed by a number of simulation stud-
ies, but there are few systematic experimental investigations. Here, we present a
first systematical mapping of experimental RBC shapes and dynamics for a wide
range of flow rates and channel sizes. Results are compared with simulations and
show good agreement. A key difference to simulations is that in experiments
there is no single well-defined RBC state for fixed flow conditions, but rather a
distribution of states. This result can be attributed to the inherent variability in
RBC mechanical properties, which is confirmed by a model that takes the vari-
ation in RBC shear elasticity into account. These results make a significant step
toward a quantitative connection between RBC behavior in microfluidic devices
and their mechanical properties.

30 min. Meet the Speaker

BP 21: Systems Biology Il

Time: Tuesday 14:00-16:00

Invited Talk BP21.1 Tue14:00 BPa
Predicting Protein and RNA Structures: from statistical physics to machine
learning — ¢ALEXANDER SCHUG — John von Neumann Institute for Comput-
ing, Jillich Supercomputer Centre, Forschungszentrum Jiilich — Faculty of Biol-
ogy, University of Duisburg-Essen

On the molecular level, life is orchestrated through an interplay of many
biomolecules. To gain any detailed understanding of biomolecular function, one
needs to know their structure. Yet the structural characterization of many impor-
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tant biomolecules and their complexes - typically preceding any detailed mech-
anistic exploration of their function- remains experimentally challenging. Tools
rooted in statistical physics such as Direct Coupling Analysis (DCA) but also in-
creasingly Machine Learning driven approaches take advantage of the explosive
growth of sequence databases and infer residue co-evolution to guide structure
prediction methods via spatial constraints. For proteins, systematic large-scale
studies of >1000 protein families are already possible. Additional information,
such as low-resolution experimental information (e.g. SAXS or FRET) can be
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used as further constraints in simulations. For RNA there are significantly less
data available, which hinders in particular ML based approaches. Still, DCA
combined with ML can improve prediction quality.

BP21.2 Tue14:30 BPa
Rational optimization of drug-membrane selectivity by computational
screening — «BERNADETTE MOHR and TRISTAN BEREAU — Max Planck Insti-
tute for Polymer Research, Mainz, Germany
Success rates of drug discovery are non-satisfactory considering the high cost in
time and resources. This leads to an increased demand for development of im-
proved screening methods. In our work, we explore the capabilities of using a
coarse-grained (CG) model to efficiently find candidate structures with desired
properties. The Martini CG force field is a physics-based model that incorpo-
rates both the essential chemical features with a robust treatment of statistical
mechanics. Martini simplifies the molecular representation through a small set
of bead types that encode a variety of functional groups present in organic chem-
istry. This offers two advantages: (i) many molecules map to the same CG repre-
sentation and (ii) screening boils down to systematically varying among the set
of CG bead types available. The combination of these two aspects makes Martini
a remarkably efficient candidate for high-throughput screening. We apply this
approach to the selective binding of drugs between Cardiolipin and phospho-
glycerols in mitochondrial membranes. A systematic screening starting from an
already-reported compound will be presented. We identify clear design rules for
improved selectivity, and rationalize them on a physical basis. As an outlook, we
explore prospects of further boosting screening at higher throughput by means
of connecting the CG simulations within a deep-learning framework.

BP21.3 Tue14:50 BPa
Morphology of spherical epithelial monolayers — «ABOUTALEB AmMirt!,
CHARLIE DucLut?>, CARL MoDEs??, and FRANK ]I"JLICHERI’3 — "Max Planck
Institute for the Physics of Complex Systems, 01187 Dresden, Germany — 2Max
Plack Institute for Molecular Cell Biology and Genetics, 01037 Dresden, Ger-
many — >Center for Systems Biology Dresden, 01307 Dresden, Germany
We develop a generalised vertex model off the mechanics of epithelial cell mono-
layers to study morphogenesis in three dimensions. In this approach, a cell is

represented by a polyhedron which is characterised by the location of its vertices
in 3D space. We take into account apical, basal, and lateral cell surface tension,
as well as pressure differences between outside and inside the cells. We consider
an epithelium with spherical topology enclosing a lumen and investigate mech-
anisms that can generate different morphologies. In particular, we are interested
in the roles of mechanical feedback on cell behaviours for the morphogenesis of
closed epithelial monolayers.

BP21.4 Tuel5:10 BPa
Load distribution among the main structures of a passively flexed lum-
bar spine — eJuLIA M. RIEDEI, FaLk MC‘)RLZ, MICHAEL GI"JNTHERI,
MARIA HAMMERI, and Sy~ ScHMITT' 1Computational Bio-
physics&Biorobotics, IMSB/Simtech, University of Stuttgart, Germany —
2 Biomechanics&Ergonomics, FSA mbH Erfurt, Germany
Mechanical loads may induce degeneration of spinal structures. It is still un-
known how the load during spine motion is distributed among the spine’s main
structures: muscles, vertebrae and facet joints, ligaments, and intervertebral
discs. Currently, there are no measurements that capture the load on all spinal
structures at once. Therefore, computer simulations are the method of choice to
overcome the lack of knowledge about the biophysical properties and processes
determining spinal in vivo dynamics.

For predicting the load distribution of spinal structures, we combined exper-
imental and simulation methods. In experiments, we determined the overall
stiffness for forward-flexing rotations between the lumbar vertebrae L5 and L4
of subjects lying in sideways position and being bent by a machine, without ac-
tive muscle resistance. Forward dynamics simulations of this experiment using
our detailed musculo-skeletal multibody model of the human allowed for a struc-
tural resolution of the loads in the L4|5 region. The results indicated that stiffness
values of particularly ligaments and passive muscle tissue put in from literature
resources were too high. With now corrected values, our model has gained va-
lidity for future investigations on human movement dynamics and modelling
applications like e.g. exoskeletons.

30 min. Meet the Speaker

BP 22: Focus Phase Separation in Biological Systems Il (joint session BP/CPP)

Time: Tuesday 14:00-16:00

BP22.1 Tue14:00 BPb
Phase separation provides a mechanism to reduce noise in cells — «FLORIAN
OLTSCHLZ, ADAM KLOSINl, TYLER HARMON1’3, ALF HONIGMANNIA, FrRANK
IULICHER2’3’4, ANTHONY HYMAN1’2’4, and CHRISTOPH ZECHNER">* — 'Max
Planck Institute of Molecular Cell Biology and Genetics, 01307 Dresden, Ger-
many — 2Center for Systems Biology Dresden, 01307 Dresden, Germany —
*Max Planck Institute for the Physics of Complex Systems, 01187 Dresden, Ger-
many — 4Cluster of Excellence Physics of Life, TU Dresden, 01062 Dresden,
Germany
Noise in gene expression can cause significant variability in protein concentra-
tion. How cells buffer variation in protein concentration is an important question
in biology. In this talk, I will show that liquid-liquid phase separation provides an
effective mechanism to reduce variability in protein concentration. First, I will
introduce our theoretical framework that discusses phase separation in the pres-
ence of active protein production and turnover. This stochastic non-equilibrium
model allows us to study how fluctuations in protein concentration are affected
by phase separation. I will then present under which physical conditions noise
buffering by phase separation can be effective. Subsequently, I will show experi-
mental data to test our theoretical predictions.

BP22.2 Tue14:20 BPb
Parasitic Behavior in Competing Dissipative Reaction Cycles — ¢PATRICK
SCHWARZI, SUDARSHANA LAHA3’4, JACQUELINE ]ANSSEN3’4, TABEA HUSSl,
CHRISTOPH A. WEBER® ’4, and JoB BOEKHOVEN 2 1Department of Chem-
istry, Technische Universitat Miinchen, Lichtenbergstrasse 4, 85748 Garching,
Germany — “Institute for Advanced Study, Technische Universitit Miinchen,
Lichtenbergstrasse 2a, 85748 Garching, Germany — >Max Planck Institute for
the Physics of Complex Systems, Nothnitzer Str. 38, 01187 Dresden, Germany
— *Center for Systems Biology Dresden, CSBD, Dresden, Germany
Fuel-driven reaction cycles serve as model systems of the intricate reaction net-
work of life. Rich and dynamic behavior is observed when such reaction cycles
regulate phase separation or assembly. However, it remains unclear how the in-
terplay between multiple reaction cycles affects their fate. To tackle this question,
we created a library of precursor molecules that compete for a common fuel to
transiently activate products. Generally, the competition for fuel means that a
competitor decreases the success of the cycle. However, in cases where the tran-
sient competitor product can phase separate, this relation can be inverted. The

41

Location: BPb

presence of assemblies formed by such a competitor can increase the survival
time of one product, analogous to how the presence of a host can increase the
survival time of a parasite. Our study of such a parasitic behavior in multiple
fuel-driven reaction cycles represents a lifelike trait, paving the way for bottom-
up design of synthetic life.

BP22.3 Tue14:50 BPb
Surface condensation of a pioneer transcription factor on DNA — JosE A.
MORINI’Z, SINA WITTMANNI, SANDEEP CHOUBEY1‘3, ADpAM KLOSINl, STEFAN
GOLFIERI’S, ANTHONY A. HYMANI’S, FrRANK ]ULICHER3’4’S, and STEPHAN W.
GriLL"*® — 'Max Planck Institute of Molecular Cell Biology and Genetics,
Dresden, Germany. — “Biotechnologisches Zentrum, Technische Universitat
Dresden,Dresden, Germany. — >Max Planck Institute for the Physics of Com-
plex Systems, Dresden, Germany — *Center for Systems Biology Dresden, Dres-
den, Germany. — > Cluster of Excellence Physics of Life, Technische Universitat
Dresden, Dresden, Germany.
Transcription factors cluster into sub-micrometer sized condensates while initi-
ating transcription of their target genes. How cells achieve liquid-like clusters of
constrained size at specific locations on DNA is not known. Here we investigate
the role of DNA in the nucleation of condensates, using the pioneer transcription
factor KLF-4. We show that KLF-4 forms liquid-like condensates on the DNA
surface at physiological concentrations, below the one required for KIf4 phase
separation. Through a dialogue between theory and experiments, we demon-
strate that condensation occurs via a switch-like transition from a thin adsorbed
layer to a thick condensed layer on DNA that is well described as a prewetting
transition on a heterogeneous substrate. This phenomenon is thus a form of sur-
face condensation mediated by and limited to the DNA surface.

BP22.4 Tuel5:10 BPb
Slowing down protein aggregation in liquid compartments — +WOJCIECH
P. LIPINSKII, BRENT VISSERI, MIREILLE CLAESSENSZ, MoOHAMMAD A.
A. FaxkHREE’, Saskia LinpHouDp’, and Evan Sprunt! — 'Institute for
Molecules and Materials, Radboud University, Nijmegen, the Netherlands —
2Nanobiophysics, Faculty of Science and Technology, University of Twente, En-
schede, the Netherlands — *Molecular Nanofabrication, Faculty of Science and
Technology, University of Twente, Enschede, the Netherlands
With increasing life expectancy in modern societies, amyloid-related diseases
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are becoming alarmingly common. Extensive work has been done to investigate
the kinetics of amyloid formation and the structure of aggregates. Recently it
has been suggested that protein aggregation can be influenced by the presence
of membraneless organelles. Aggregation-prone proteins may be sequestered by
liquid compartments, leading to significant changes in concentration and altered
aggregation kinetics.

Here, we present a combined computational and experimental study of the
fate of aggregation-prone proteins that are sequestered by liquid droplets. We

investigated computationally the influence of varying parameters describing ag-
gregation and transport processes and showed that aggregation process can be
either accelerated or inhibited by the presence of liquid compartments. Moti-
vated by these findings we have undertaken efforts to develop experimental sys-
tems exhibiting diversified influence of the phase-separated environment on the
protein aggregation process.

30 min. Meet the Speaker

BP 23: Focus Biological Cells in Microfluidics Il

Time: Tuesday 14:00-16:00

BP23.1 Tue14:00 BPc
ROS induces intracellular acidosis associated with increased cell stiffening —
*YEsaswINT KOMARAGIRT"? ,Huy T DAUl, DOREEN BIEDENWEGZ, Ricarpo H
PIREsl’3, and OLIVER OTTO™ — 1Biomechanics, ZIK-HIKE, Universitit Greif-
swald, Greifswald, Germany — “Universititsmedizin Greifswald, Greifswald,
Germany — 3Deutsches Zentrum fiir Herz-Kreislauf-Forschung e.V., Standort
Greifswald, Universitdtsmedizin Greifswald, Greifswald, Germany
Reactive oxygen species (ROS) are associated with important alterations in cell
physiology. The impact that superoxides and other ROS have on the cytoskeleton
has been extensively documented; however, the mechanism by which they may
affect cell mechanics remain to be understood. By varying concentrations of hy-
drogen peroxide, we exposed the human myeloid precursor cell line (HL60) to
different levels of ROS. Using real-time fluorescence and deformability cytom-
etry, we coupled the mechanical characterization of cells with a simultaneous
fluorometric assessment of intracellular superoxide levels. Our work reveals a
direct correlation between the elastic modulus of cells and levels of superoxide.
We did not detect global changes in the F-actin and microtubule network but
demonstrate that cell stiffening at elevated ROS levels is driven by intracellular
acidosis.

BP23.2 Tue14:20 BPc
Lingering dynamics of microvascular blood flow — sALEXANDER Kum!,
STEPHAN QUINTI, MATTHIAS LASCHKEZ, MICHAEL MENGERZ, LARS
KAESTNERI, THOMAS ]OHNI, and CHRISTIAN WAGNER! — 1Department of Ex-
perimental Physics, Saarland University, Saarbruecken, Germany — *Institute
for Clinical and Experimental Surgery, Saarland University, Homburg, Germany
The microvascular networks in the body of vertebrates consist of the smallest
vessels, such as arterioles, venules, and capillaries. The flow of red blood cells
(RBCs) through these networks ensures the gas exchange in, as well as the trans-
port of nutrients towards the tissues. Any alterations in this blood flow may have
severe implications on the health state. Since the vessels in these networks obey
dimensions similar to the diameter of RBCs, dynamic effects on the cellular scale
play a key role. The steady progression in numerical modeling of RBCs even in
complex networks has led to novel findings in the field of hemodynamics, es-
pecially concerning the impact and the dynamics of lingering events. However,
these results are yet unmatched by a detailed analysis of the lingering in experi-
ments in vivo. To quantify this lingering effect in in vivo experiments, we analyze
branching vessels in the microvasculature of Syrian hamsters via intravital mi-
croscopy and the use of an implanted dorsal skinfold chamber. We present a
detailed analysis of these lingering effects of cells at the apex of bifurcating ves-
sels, affecting the temporal distribution of cell-free areas in the branches and
even causing a partial blockage in severe cases.

BP23.3 Tue14:40 BPc
Phenotyping photokinetic and excitable behaviours of single microswim-
mers in confinement — SAMUEL BENTLEY, VASILEIOS ANAGNOSTIDIS, HANNAH
LAEVERENZ-SCHLOGELHOFER, FABRICE GIELEN, and ¢KIRSTY Y. WAN — Living
Systems Institute, Exeter, United Kingdom, EX4 4QD

Location: BPc

All living organisms are environmentally intelligent. This is the fundamental
distinction between life, and other forms of matter. Even unicellular organ-
isms are capable of complex behaviours. Here, we study the detailed motor ac-
tions of flagellated algal microswimmers, using motility as a dynamic read-out of
whole-organism behaviour. Previous studies have focussed on locomotor tran-
sients over short timescales ranging from seconds to minutes. Here we present
a novel microfluidic platform which can allow us to monitor single cells over
unprecedented timescales. Two representative species of microswimmers were
trapped and confined inside circular arenas: a biflagellate which exhibits a form
of run-and-tumble, and an octoflagellate which exhibits a distinctive, tripartite
behavioural repertoire termed run-stop-shock. Stochastic transitions in swim-
ming gait are projected onto a low-dimensional behavioural state space. Single-
cell motility signatures were analysed to reveal species-specific photokinetic and
excitable behaviours. Finally, we conduct on-demand pharmacological pertur-
bations within these microenvironments, to shed new light on the physiological
basis of excitable flagellar dynamics.

Invited Talk BP 23.4 Tue15:00 BPc
Synthetic cells: De novo assembly with microfluidics and DNA nanotechnol-
ogy — *KERSTIN GOPFRICH — Max Planck Institute for Medical Research, Jahn-
str. 29, 69120 Heidelberg, Germany

The future of manufacturing entails the construction of biological systems and
synthetic cells from the bottom up. Instead of relying exclusively on biologi-
cal building blocks, the integration of new tools and new materials may be a
shortcut towards the assembly of active and eventually fully functional synthetic
cells [Gopfrich et al., Trends Biotechnol., 2018]. This is especially apparent when
considering recent advances in DNA nanotechnology and microfluidics. Exem-
plifying this approach, we use microfluidics for the assembly of synthetic cellu-
lar compartments that we equip with natural or synthetic cytoskeletons. Light
serves as a non-invasive stimulus to trigger their symmetry-breaking contrac-
tion [Jahnke et al., Adv. Biosys., 2020; Adv. Funct. Mater., 2019]. We further
demonstrate the division of giant unilamellar lipid vesicles (GUVs) as synthetic
cell models based on phase separation and osmosis rather than the biological
building blocks of a cell’s division machinery. We derive a parameter-free analyt-
ical model which makes quantitative predictions that we verify experimentally
[Dreher et al., Angew. Chem., 2020]. Remarkably, we show that caged com-
pounds provide full spatio-temporal control to increase the osmolarity locally
in an illuminated area, such that a target-GUV undergoes division whereas the
surrounding GUVs remain unaffected. All in all, we believe that precision tech-
nologies, like microfluidics, can help to accelerate synthetic biology research.

30 min. Meet the Speaker

BP 24: Poster B: Active Biological Matter, Cell Mechanics, Systems Biology, Computational
Biophysics, etc.

Time: Tuesday 16:00-18:30

BP24.1 Tuel6:00 BPp
Chirality-induced rheotaxis of bacteria in bulk shear flows — +GUANGYIN
]INGI’Z, ANDREAS ZGTTL2’3, Eric CLEMENTZ, and ANKE LINDNER? —
'Northwest University, Xian, China — 2ESPCI Paris, France — Tu Wien, Aus-
tria
The interaction of swimming bacteria with shear flows controls their ability to
explore complex environments [1], crucial to many societal and environmen-

42

Location: BPp

tal challenges and relevant for microfluidic applications such as cell sorting. We
combine experimental, numerical, and theoretical analysis, and present a com-
prehensive study of the transport of motile bacteria in shear flows [2]. Experi-
mentally, we obtain with high accuracy and, for a large range of flow rates, the
spatially resolved velocity and orientation distributions of run-and-tumble E.
coli bacteria. They are in excellent agreement with the simulations of a kine-
matic model accounting for stochastic and microhydrodynamic properties and,
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in particular, the flagella chirality. Theoretical analysis reveals the scaling laws
behind the average rheotactic velocity at moderate shear rates using a chirality
parameter and explains the reorientation dynamics leading to saturation at large
shear rates from the marginal stability of a fixed point. Our findings constitute a
full understanding of the physical mechanisms and relevant parameters of bac-
teria bulk rheotaxis.

[1] A.]J. T. M. Mathijssen, N. Figueroa-Morales, G. Junot, E. Clément, A. Lind-
ner, and A. Z6ttl, Nat. Comm. 10, 3434 (2019).

[2] G.Jing, A. Zéttl, E. Clement, and A. Lindner, Sci. Adv. 6, eabb2012 (2020).

BP 242 Tue16:00 BPp
Resistive force theory and wave dynamics in swimming flagellar apparatus
isolated from C. reinhardtii — Samira GoLl PozveH', ALBERT BAE®, and
«AzaM GuoLaMr' — 'MPI for Dynamics and Self-organization, Gottingen,
Germany — “Department of Biomedical Engineering, University of Rochester,
USA
Cilia-driven motility and fluid transport is ubiquitous in nature and essential for
many biological processes. The biflagellated micro-swimmer Chlamydomonas
reinhardtii is a model organism to study dynamics of flagellar synchronization.
Hydrodynamic interactions, intracellular mechanical coupling or cell body rock-
ing are believed to play crucial role in synchronization of flagellar beating in
green algae. Here, we use freely swimming intact flagellar apparatus isolated
from wall-less strain of Chlamydomonas to investigate wave dynamics. Our
analysis in phase coordinates show that, when the frequency difference between
the flagella is high (10-41% of the mean), neither mechanical coupling via basal
body nor hydrodynamics interactions are strong enough to synchronize two flag-
ella, indicating that beating frequency is perhaps controlled internally by the cell.
We also examined the validity of resistive force theory for a flagellar apparatus
swimming freely in the vicinity of a substrate and found a quantitative agree-
ment between experimental data and simulations with drag anisotropy of ratio
2. Finally, using a simplified wave form, we show that by controlling phase or
frequency differences between two flagella, steering can occur.

BP24.3 Tue16:00 BPp

Magnetic stirbars as a tunable stirrer for cell-like systems — ¢MITHUN
THAMPI, PIERRE-YVES GIRES, and MATTHIAS WEIss — University of Bayreuth,
Bayreuth, Germany
Transport inside living systems or biofluid droplets is governed by diffusion and
energy-dependent active transport. Speeding up these processes remains chal-
lenging: here we report on an easy way to gently stir biofluid droplets. We pro-
duce micrometer long magnetic stirbars (MSBs) by aligning Fe; O, nanoparticles
and stabilizing them by a biocompatible silica coating. The successful produc-
tion of these MSBs is confirmed by scanning electron microscopy'. The rotating
magnetic field is achieved by using two pairs of Helmholtz-like coils with a cus-
tom build controller, which can tune both the frequency and the strength of the
magnetic field. Using single-particle tracking of tracer beads, we demonstrate via
a broad palette of measures that local stirring of the fluid at different frequencies
leads to an enhanced but apparently normal and homogeneous diffusion process.
The signature of stirring is visible in the power-spectral density and in the auto-
correlation function of the trajectories?. We finally look at their stirring effects
on the out of equilibrium self-organization of Xenopus laevis egg extract'.

References:

1. P.-Y. Gires, M. Thampi, M. Weiss. "Miniaturized magnetic stirbars for con-
trolled agitation of aqueous microdroplet". Sci. Rep., 10, 10911, (2020).

2. P.-Y. Gires, M. Thampi, M. Weiss. "Quantifying active diffusion in an agi-
tated fluid". Phys. Chem. Chem. Phys., 22, 21678, (2020).

BP24.4 Tue16:00 BPp
RNA polymerase II forms clusters in line with liquid-phase wetting
of chromatin AGNIESZKA PancHOLI', TiM KLINGBERG?, WEICHUN
ZHANGI, RoOSHAN PRIZAKI, IRINA MAMONTOVAI, AMRA NOAl, GERD ULRICH
NIENHAUS', VASILY ZABURDAEV?, and sLENNART HILBERT' — 'Karlsruhe In-
stitute of Technology — *Friedrich-Alexander-University Erlangen-Nuremberg
Two major control points for transcription in eukaryotic cells are recruitment of
RNA polymerase II (Pol II) into a paused state and subsequent pause release to
begin transcript elongation. Pol II associates with macromolecular clusters dur-
ing recruitment, but it remains unclear how Pol II recruitment and pause release
might affect these clusters. Here, we show that clusters exhibit morphologies
that are in line with wetting of chromatin by a liquid phase enriched in recruited
Pol II. Applying super-resolution microscopy to zebrafish embryos, we find re-
cruited Pol II associated with large clusters, and elongating Pol II with dispersed
clusters. A lattice kinetic Monte Carlo model representing recruited Pol II as a
liquid phase and chromatin as a condensation surface reproduced the observed
cluster morphologies, see Klingberg et al. Considering previous in vitro observa-
tions of condensate formation by wetting of DNA, our work indicates that similar
liquid-phase wetting of chromatin might occur in vivo.
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BP24.5 Tue16:00 BPp
Hydrodynamic interactions between microswimmers and particles in viscos-
ity gradients — «SEBASTIAN ZIEGLER', MaXIME HUBERT!, THOMAS SCHEEL?,
JENS HarTING?, and ANa-Sun&éana Smita™® — 'PULS Group, Friedrich-
Alexander-University Erlangen-Niirnberg, Germany — “Helmholtz Institute
Erlangen-Niirnberg for Renewable Energy, Forschungszentrum Jiilich, Germany
— 3Division of Physical Chemistry, Ruder Boskovi¢ Institute Zagreb, Croatia
A common theoretical approach to model systems of microswimmers is to pre-
scribe the swimming stroke of each individual. If the system consists of more
than one device, the problem of hydrodynamic interactions becomes a purely
geometric one. This limitation is overcome by prescribing the forcing instead of
the stroke, as shown by our novel perturbative approach, applicable to arbitrary
geometries. We elaborate the effects of nearby swimmers on the stroke, swim-
ming speed and direction. We find that for two swimmers, a significant fraction
of the parameter space results in both swimmers experiencing a boost from one
another.

We furthermore study the interaction of spherical particles in fluids with vis-
cosity gradients. Using an analytical approach we show that a particle in a linear
viscosity gradient induces a locally distance-independent flow field. Moreover,
we characterize the effect of asymmetric particle placement in the finite-size gra-
dient. Finally, we study the interactions between two particles that are at different
temperatures than the surrounding fluid, and calculate the first order correction
to the mobility matrix in the regime of low Peclet numbers.

BP24.6 Tue16:00 BPp
Motion of Magnetic Microswimmers in Complex Environments — «+KONRAD
MARx' , VITALI TELEZKII, OMAR Mufoz! , AGNESE CODUTTIZ, DAMIEN
Farvre>?, and Steran Krumpp!? — !Institute for the Dynamics of Complex
Systems, University of Gottingen, Gottingen, Germany — *Max Planck Insti-
tute of Colloids and Interfaces, Potsdam, Germany — > Aix Marseille Université,
CNRS, CEA, BIAM, Saint Paul lez Durance, France
We study magnetic microswimmers that tend to align their active motion with
the direction of a magnetic field. A biological example are magnetotactic bacte-
ria, which use this effect to navigate towards favorable oxygen conditions. Their
natural environment is sediment at the bottom of lakes. Motivated by this, we
study a computational model for how magnetic microswimmers attempt to cross
a channel of circular obstacles. Our model accounts for diffusion, interaction
with the obstacles and the walls, and for a magnetic field acting along the channel.
We generate obstacle configurations from experimental data on size distribution
of sand grains. We find that obstacles can play a decisive role for the trajectories
of the microswimmers and their chance to cross the channel. Specifically, we
identify regions that necessitate backwards swimming (“traps”) as a dominant
factor and investigate which geometrical parameters of the obstacle configura-
tions determine the arrival rates of the swimmers at the end of the channel.

BP 24.7 Tue16:00 BPp
Capillary Action In Active Brownian Particles — «SHAURI CHAKRABORTY,
ApaMm Wysockl, and HEIko RIEGER — Department of Theoretical Physics and
Center for Biophysics, Saarland University, Saarbruecken 66123, Germany
We study the rise of active Brownian particles against gravity in a thin capillary
tube. Capillarity, a well-understood phenomena in classical liquids, is known to
originate due to attractive interactions between the liquid molecules and the cap-
illary walls and the inter-molecular attractive forces among the liquid molecules.
By contrast, we observe capillary rise in a minimal model of active Brownian par-
ticles with purely repulsive interactions. In such a system, an effective force of
attraction emerges because of a damping due to the inter-particle collisions and
the particle-wall interactions. We also validate in our numerical simulations,
whether our findings agree with the results obtained for a similar system, pre-
viously studied in an active lattice gas (ALG) setting which can be described by
exact hydrodynamic equations on macroscopic scales.

BP 24.8 Tue 16:00 BPp
Light-powered reactivation of flagella and contraction of microtubules net-
work: towards building an artificial cell — RAHEEL AHMAD, VAHID NASIR-
IMAREKHANI, ALBERT BAE, SAMIRA GoLI, YU-JUNG Su, EBERHARD BODEN-
SCHATZ, ISABELLA GUIDO, and eAzaM GHOLAMI — MPI for Dynamics and Self-
organization, Gottingen, Germany
The bottom-up assembly of such systems in the context of synthetic biology is
still a challenging task. In this paper, we demonstrate biocompatibility and effi-
ciency of an artificial light-driven energy module and a motility functional unit
by integration of light-switchable photosynthetic vesicles with demembranated
flagella, thereby supplying ATP for dynein molecular motors upon illumination.
Flagellar propulsion is coupled to its beating frequency and light- driven dy-
namic synthesis of ATP allows us to control beating frequency of flagella as a
function of illumination. Additionally, we verified the functionality of light-
powered synthetic vesicles in in vitro motility assays by encapsulation of micro-
tubules assembled with force-generating kinesin-1 motors and energy module
to investigate dynamics of a contractile filamentous network in cell-like com-
partments by optical stimulation. Integration of this photosynthetic system with
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different biological building blocks such as cytoskeletal filaments and molecular
motors may contribute to the bottom-up synthesis of artificial cells that are able
to undergo motor-driven morphological deformations and exhibit directional
motion in a light-controllable fashion. *In collaboration with C. Kleineberg, K.
Sundmacher, and T. Vidakovich-Koch from MPI-Magdeburg.

BP24.9 Tuel6:00 BPp
Mechanochemical dynamics of spherical active surfaces subject to load-
dependent cross-linkers — «MIRCO Bonati'?, Lucas WITTWER®, ELIsA-
BETH FISCHER-FRIEDRICH"?, and SEBASTIAN ALanD! — 'Fischer-Friedrich
Lab, Biotechnologisches Zentrum, Technische Universitat Dresden, Dresden,
Germany. — “DFG Excellence Cluster Physics of Life — *HTW Dresden,
Friedrich-List-Platz 1, 01069 Dresden, Germany — 4TU Bergakademie Freiberg,
Akademiestrasse 6, 09599 Freiberg, Germany
Mechanochemical dynamics of active surfaces, as the thin cellular actin cortex,
play a crucial role in several biological processes such as cell shape regulation and
morphogenesis. Relying on a hydrodynamic theory of curved active surfaces and
elastic thin shell theory, we aim to study both theoretical and numerical aspects
of the self-organized pattern formation of the cell cortex. Our goal is to develop
a mathematical model that takes into accounts biologically relevant facts, such as
load-dependence of molecular unbinding and cortical strain stiffening. In par-
ticular, we want to study the influence of catch and slip bond cross-linkers on
active gel pattern formation as it has been shown that the mechanical stiffness of
the actin cytoskeleton can vary greatly with small changes in cross-linkers con-
centration. This force-sensing may give rise to new aspects of pattern formation.

BP 24.10 Tue 16:00 BPp
Simulations of Structure Formation by Dipolar Active Particles — ¢VITALI
TeLEZKI and STEFAN KLumpp — Institute for the Dynamics of Complex Sys-
tems, University of Gottingen, Germany
Dipolar swimmers describe a class of artificial and biological active particles with
an internal magnetic moment. Because of the interplay between different phys-
ical interactions such as steric, hydrodynamic and magnetic interactions, com-
plex collective behaviour is expected to emerge in dense systems of dipolar swim-
mers.

We use Brownian dynamics simulations to investigate the collective behaviour
of these dipolar swimmers. We focus on the structure formation of dipolar swim-
mers in small confined systems and analyze what structures can emerge and how
they depend on the self-propulsion speed and the magnetic strength of the swim-
mers. We are particularly interested in the effect of the geometry and the inter-
actions with the confinement on the emerging structures. In addition, we study
how external magnetic fields influence the collective behaviour of large systems
of dipolar swimmers.

BP 24.11 Tue 16:00 BPp
Minimum Dissipation Theorem for Microswimmers — sBABAK NASOURII,
ANDREJ VILEAN"2, and RAMIN GOLESTANIAN"> — 'Max Planck Institute for
Dynamics and Self-Organization (MPIDS), Goettingen, Germany — 2J. Stefan
Institute, Ljubljana, Slovenia — *Rudolf Peierls Centre for Theoretical Physics,
University of Oxford, Oxford, United Kingdom
We derive a theorem for the lower bound on the energy dissipation rate by a
rigid surface-driven active microswimmer of arbitrary shape in a fluid at a low
Reynolds number. We show that, for any swimmer, the minimum dissipation at
a given velocity can be expressed in terms of the resistance tensors of two passive
bodies of the same shape with a no-slip and perfect-slip boundary. To achieve
the absolute minimum dissipation, the optimal swimmer needs a surface velocity
profile that corresponds to the flow around the perfect-slip body, and a propul-
sive force density that corresponds to the no-slip body. Using this theorem, we
propose an alternative definition of the energetic efficiency of microswimmers
that, unlike the commonly used Lighthill efficiency, can never exceed unity. We
validate the theory by calculating the efficiency limits of spheroidal swimmers.

BP 24.12 Tue 16:00 BPp
Vimentin Intermediate Filaments Stabilize Dynamic Microtubules by Di-
rect Interactions — CHARLOTTA LORENZ", LAURA ScHAEDEL™, ANNA V.
ScHEPERs"?, STEFAN KLumpp??>, and Saran KosTer™ — !Institute for X-
Ray Physics, University of Gottingen, Friedrich-Hund-Platz 1, 37077 Gottin-
gen, Germany — Institute for the Dynamics of Complex Systems, University of
Gottingen, Friedrich-Hund-Platz 1, 37077 Géttingen, Germany — 3Max Planck
School “Matter to Life” — *Equal contribution.
Many cellular functions such as cell shape, mechanics and intracellular trans-
port rely on the organization and interaction of actin filaments, microtubules
(MTs) and intermediate filaments (IFs), which are the main constituents of the
eukaryotic cytoskeleton. Here, we study the interaction between vimentin IFs
and MTs in a minimal in vitro system and show that MTs are stabilized against
depolymerization by the presence of vimentin IFs. To explore the nature of this
interaction and in particular probe for electrostatic and hydrophobic contribu-
tions, we directly measure attractive forces occurring between individual MTs
and vimentin IFs using optical tweezers in different buffer conditions. Theo-
retical modeling enables us to determine the corresponding energy landscape.
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Feeding back the physical parameters describing the interactions into a Monte
Carlo simulation that mimicks dynamic MTs confirms that the additional inter-
action with IFs stabilizes them. We suggest that within cells, the interactions we
observe might be a mechanism for cells to fine-tune cytoskeletal crosstalk and
MT stability.

doi.org/10.1101/2020.05.20.106179

BP 24.13 Tue 16:00 BPp
Post-Translational Modifications Soften Vimentin Filaments — eJULIA
KRAXNER, CHARLOTTA LORENZ, and SARAH KOsTER — Institute for X-Ray
Physics, University of G6ttingen, Germany
The mechanical properties of biological cells greatly influence their function,
such as the ability to move, contract and divide and they need to flexibly adapt,
for example during wound healing or cancer metastasis. These mechanical prop-
erties are determined by the so-called cytoskeleton, a complex network consist-
ing of three filamentous protein systems, microtubules, actin filaments and in-
termediate filaments (IFs). A rather slow way to adapt cell mechanics to vary-
ing requirements on the cell is differential expression of the cytoskeleton pro-
teins which affects the network architecture and the interaction between the fil-
aments. Here, we focus on the intermediate filament vimentin and introduce
post-translational modifications (PTMs), i.e. changes applied to specific amino
acids in the protein after expression in the cell. By such PTMs, e.g. the charge
pattern along the protein may be altered. Interestingly, PTMs occur compara-
tively fast and thus provide a mechanism for mechanical modulation on short
time scales. We study the impact of one such PTM, phosphorylation, which
is the addition of a phosphate group to an amino acid, on filament mechanics
by stretching single filaments using optical traps. Whereas full phosphorylation
leads to disassembly of IFs, partial phosphorylation results in softening of the
filaments. By employing mutants that mimic phosphorylation as well as Monte
Carlo simulations, we explain our observation through the additional charges
introduced during phosphorylation.

BP 24.14 Tue 16:00 BPp
Growing with vacancies: Eden growth models suggest that flat clathrin lat-
tices assemble with spatial heterogeneity — «FELIX Frev!?, DELIA BUCHER®,
KeMm A. SOCHACKI4, JusTIN W. TARASKA4, STEEVE BOULANT3, and ULRICH S.
Scawarz' — 'ITP and BioQuant, Heidelberg University, DE — *Department
of Bionanoscience, TU Delft, NL — 3CIID, University Hospital Heidelberg and
DKFZ, DE — *NHLBI, NIH, Bethesda, US
Biological cells constantly transport material across their plasma membrane and
clathrin-mediated endocytosis is one of the main uptake mechanisms. Recently,
it has been shown that clathrin lattices first assemble flat before the clathrin-
coated membrane starts to invaginate [1]. However, how this flat-to-curved tran-
sition proceeds in detail is still unclear, since energetic and topological barriers
exist and it is difficult to observe the assembly process in time and space. Here we
hypothesize that clathrin lattices grow with lattice vacancies that would facilitate
the flat-to-curved transition. We identify the Eden growth model as the most
suitable framework for clathrin lattice growth. We then derive four distinct vari-
ants of the model that represent the different binding modes of clathrin triske-
lia based on their geometry. Our computer simulations show that the different
model variants lead to distinct lattice shapes and densities. Comparison with ex-
perimental electron microscopy and correlative light microscopy data suggests
that clathrin lattices grow with a moderate level of lattice vacancies [2]. [1] D.
Bucher*, F. Frey*, et al., Nat. Communs. 9, 1109 (2018). [2] E. Frey et al., New J.
of Phys. 22, 073043 (2020).

BP 24.15 Tue 16:00 BPp
Dynamic RT-DC: red blood cell viscoelasticity as a label-free biomarker
— eBoB FREGIN1’3, FABIAN CZERWINSKII, KONSTANZE AURICHZ, DOREEN
BIEDENWEGZ, STEFAN GROSSs, GERALD KERTH4, and OLIver OtTo!? — 1ZIK
HIKE, Universitat Greifswald, Greifswald, Germany — 2Universitatsklinikum
Greifswald, Greifswald, Germany — *DZHK, Universitit Greifswald, Greif-
swald, Germany — * Angewandte Zoologie und Naturschutz, Universitit Greif-
swald, Greifswald, Germany
Real-Time Deformability Cytometry (RT-DC) is a label-free technique for
single-cell mechanical analysis with high throughput of up to 1,000 cells/s. Ini-
tially, RT-DC was limited to steady-state deformation captured at the end of a
microfluidic channel yielding Young’s modulus.

Dynamic RT-DC (dRT-DC) introduces the possibility to capture full vis-
coelastic properties at up to 100 cells/s. Single-cell shape-changes along the
entire length of the microfluidic channel are tracked in real-time and are sub-
sequently analyzed by a Fourier decomposition discriminating cell responses to
interfering stress distributions. We demonstrate that dRT-DC allows for cell me-
chanical assays at the millisecond time scale fully independent of cell shape. We
use this approach for a fundamental comparison of peripheral blood cells based
on their Young’s modulus as well as viscosity.

In proof-of-principle experiments, we use dRT-DC to approach the question
of temperature control in hibernating animals. Initial experiments on bats and
humans suggest a role of red blood cell viscoelasticity to maintain blood flow at
low temperatures.
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BP 24.16 Tue16:00 BPp
3D direct and inverse traction force microscopy — ¢JOHANNES WOLFRAM
BLUMBERG and ULRICH SEBASTIAN SCHWARZ — Institute for Theoretical Physics
and BioQuant, Heidelberg University
In traction force microscopy (TFM), the mechanical forces of cells adhering to
an elastic substrate are estimated from the substrate displacements as measured
by the movement of embedded fiducial marker beads. Usually, this estimate is
obtained by minimizing the mean squared distance between experimentally ob-
served and predicted displacements (inverse TFM). In direct TFM, in contrast,
the stress tensor and the surface tractions are calculated directly and locally
from the deformation field using the underlying material law. This procedure
makes it easier to estimate not only tangential, but also normal forces, and to
deal with non-planar substrates, but it is also more sensitive to noise. In gen-
eral, it is not clear how well direct TFM performs compared with inverse TEM.
We have compared the direct method for TFM to the standard inverse method,
which is Fourier transformed traction cytometry (FTTC). In particular, we de-
veloped a method to estimating the local inaccuracy based on the divergence-
freeness of the stress tensor. We discuss the relative strengths and weakness of
the two methods and find that each of them can be preferable for certain set-
tings.

BP 24.17 Tue 16:00 BPp
Time-resolved MIET measurements of blood platelet spreading and adhesion
— «ANNA ZELENA and SARAH KOSTER — Institute for X-Ray Physics, Georg-
August-University Gottingen, Germany
Human blood platelets are non-nucleated fragments of larger cells (megakary-
ocytes) and highly important for blood clotting. The hemostatic function of
platelets is directly linked to their mechanics and cytoskeletal morphology. How-
ever, the exact mechanism of spreading and contraction remains elusive. In
our study, we employ metal-induced energy transfer (MIET) imaging in time-
resolved and static modes to investigate, in vitro, single blood platelets with
nanometer resolution. Using static MIET, we are able to quantitatively deter-
mine three-dimensional height profiles of the basal platelet membrane above a
rigid metal substrate. We observe areas, where the basal platelet membrane ap-
proaches the rigid metal substrate more closely than the rest of the membrane.
This may be related to previously observed “hot spots” of high traction forces.
Time-resolved MIET experiments allow us to follow the temporal evolution of
the membrane-to-surface distance during adhesion and spreading. Our experi-
ments reveal distinct behaviors between the outermost rim and the central part
of the platelets. Overall, the combination of static and time-resolved MIET pro-
vides insights into the platelet adhesion system and improves our understanding
of blood clot formation. Additionally, our approach demonstrates the potential
of MIET as a three-dimensional reconstruction method for thin membrane for-
mations.

BP 24.18 Tue 16:00 BPp
EMT-induced cell-mechanical changes enhance mitotic rounding strength —
«KAMRAN HossmNIl‘z, ANNA TAUBENBERGERZ, CARSTEN WERNERS, and ELISA-
BETH FiscHER-FriepricH"? — ! Cluster of Excellence Physics of Life, TU Dres-
den, Germany — 2Biotechnology Center, TU Dresden, Germany — 3Leibniz
Institute of Polymer Research Dresden, Max Bergmann Center, Dresden, Ger-
many
To undergo mitosis successfully, most animal cells need to acquire a round shape
to provide space for the mitotic spindle. This mitotic rounding relies on me-
chanical deformation of surrounding tissue and is driven by forces emanating
from actomyosin contractility. Cancer cells are able to maintain successful mito-
sis in mechanically challenging environments such as the increasingly crowded
environment of a growing tumor, thus, suggesting an enhanced ability of mi-
totic rounding in cancer. Here, it is shown that the epithelial-mesenchymal
transition (EMT), a hallmark of cancer progression and metastasis, gives rise
to cell-mechanical changes in breast epithelial cells. These changes are oppo-
site in interphase and mitosis and correspond to an enhanced mitotic rounding
strength. Furthermore, it is shown that cell-mechanical changes correlate with
a strong EMT-induced change in the activity of Rho GTPases RhoA and Racl.
Accordingly, it is found that Racl inhibition rescues the EMT-induced cortex-
mechanical phenotype. The findings hint at a new role of EMT in successful
mitotic rounding and division in mechanically confined environments such as a
growing tumor.

BP 24.19 Tue 16:00 BPp
Measurement of the mechanosensitive binding of actin crosslinkers in the
cytoskeleton of live cells — «VALENTIN RUFFINE, KAMRAN HossEINI, and
EL1SABETH F1sCHER-FRIEDRICH — DFG Cluster of Excellence Physics of Life,
BIOTEC, Technische Universitit Dresden, Germany
In mammalian cells, actin filaments (F-actin) are bundled and crosslinked by
multiple actin-binding proteins. The cytoskeletal structures they form are es-
sential for cell motility, division, mechanosensitivity, intracellular transport and
the mechanical protection of the cell. They have a highly nonlinear rheological
behavior, which is tuned through their microscopic structure and their com-
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position: the length of the microfilaments, the concentration of filaments and
crosslinkers, and the nature of the crosslinkers.

Actin-binding proteins mostly form transient bonds with the filaments. This
enable both a protective solid-like response on short timescales and large reor-
ganization of the biopolymer network on longer ones. The average lifetime of
these bonds typically depends on the mechanical load applied to them, thus on
the mechanical stress in the actin network. Interestingly, this lifetime increases
with increasing load for some actin crosslinkers. This behavior is termed “catch-
bond” and is far less intuitive than the opposite, "slip-bond” behavior. Here, we
report experimental results showing a catch-bond behavior for three major hu-
man actin crosslinkers: a-actinin 4, fillamin A and filamin B. These were obtained
in mitotic HeLa cells, using AFM-based cortical tension measurements coupled
with FRAP and confocal imaging.

BP 2420 Tue 16:00 BPp
Simulating Cells Going Through Constrictions - A Cellular Potts Model
Approach — eMIRIAM SCHNITZERLEINI’S, FELIX REICHELZ’S, MARTIN
KRATER2’3, Hur-SHuN KUAN1’3, JOCHEN GUCK2’3, and VasiLY ZABURDAEV® —
!Department of Biology, Friedrich-Alexander-Universitit Erlangen-Niirnberg,
Erlangen, Germany — “Biological Optomechanics, Max-Planck Institute for the
Science of Light, Erlangen, Germany — >Max-Planck-Zentrum fiir Physik und
Medizin, Erlangen, Germany
In the human body, many cells types regularly have to struggle through confine-
ments. For example in the blood system where not only blood cells but also can-
cer cells may encounter capillaries with cross-sections below the cell size. One
in vitro experiments to mimic and study such processes is using microfluidic
techniques, where living cells suspended in an aqueous solution could be forced
through a channel with recurring constrictions. By analyzing cell deformation
and passage times we can learn about their mechanical properties. Ultimately
linking the characteristics of the passage to cell mechanics requires a simple
and tractable model. Here we suggest using a well known Cellular Potts Model
(CPM), which represents cells as a set of adjacent spins on a lattice with cell dy-
namics arising from an energy minimization principle. The major challenge is to
link phenomenological parameters of the model to experimental space and time
scales and also to mechanical properties of living cells. Our first results demon-
strate qualitative agreement with experimental observations and thus indicate
the CPM as a promising tool to quantify cell passage through constrictions.

BP24.21 Tue16:00 BPp
Optimal hematocrit for ATP release by red blood cell in microcirculation —
«ZHE Gou and CHAOUQI MisBAH — Laboratoire Interdisciplinaire de Physique,
Grenoble, France
ATP release by red blood cells (RBCs) acts as an important signaling molecule for
various physiological functions, such as vasodilation. When flowing in microcir-
culation, RBCs experience a cascade of branching vessels, from arterioles to cap-
illaries, and finally to venules, which affects not just flow behavior of blood but
also ATP release. In a previous study, we have proposed a model of ATP release
by RBCs through two pathways of cell membrane: pannexin 1 channel (Px1),
sensitive to shear stress, and cystic fibrosis transmembrane conductance regula-
tor (CFTR) which responds to cell deformation. As a continuation, present work
further investigates the effect of flow strength, hematocrit, and vascular diameter
by numerical simulations. We found a nontrivial spatial RBC organization and
ATP patterns due to application of shear stress on the RBC suspension. Condi-
tions for optimal ATP release per cell are identified, which depend on vessel size
and hematocrit Ht. Increasing further Ht beyond optimum enhances the total
ATP release but should degrade oxygen transport capacity, a compromise be-
tween an efficient ATP release and minimal blood dissipation. Moreover, ATP is
boosted in capillaries suggesting a vasomotor activity coordination throughout
the resistance network. Further studies of vascular network may help to explore
the whole signaling cascade of ATP.

BP 24.22 Tue 16:00 BPp
Influence of NaCl on Neuronal Membranes — ¢SEBASTIAN JAKSCH1 , ALEXAN-
DROS KOUTSIOUBASI, ProTr ZOLNIERCZUKI, OLAF HOLDERERI, HEeNRICH
FRIELINGHAUSI, STEPHAN Ft‘)RSTERl, and PETER MULLER-BUSCHBAUM® —
1]1"11ich Centre for Neutron Science (JCNS), Garching (Germany), Jiilich (Ger-
many) and Oak Ridge TN (USA) — 2Lehrstuhl fiir funktionelle Materialien,
Physik-Department, Technische Universitdt Miinchen (Germany)
We previously investigated the structure and the dynamic behavior of L-
a-phosphatidylcholine (SoyPC) phospholipid membranes, [1,2] by means of
GISANS and GINSES and established a multi-lamellar structure as well as a sur-
face mode, attributed to transient waves in the membranes. Extending those
measurements to include various NaCl concentrations within the membrane we
could identify two main features:[3] (1) The thickening of the membrane lay-
ers as reported by SAXS measurements is due to an enriched ion layer close to
the head group of the phospholipid membranes, and not, as for hydrophobic
molecules an actual swelling of the membrane. (2) The in-plane dynamics of the
membranes is enhanced by the addition of NaCl, while retaining the previously
reported surface mode. Those features can play an important role in the under-
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standing of membrane functions, such as the formation of ion channels, and thus
their biological function on a fundamental level. [1] S. Jaksch, et al, Phys. Rev. E
91(2), 2015, 022716. [2] S. Jaksch, et al, Scientific Reports 7(1), 2017, 4417. [3]
S. Jaksch, et al, Influence of NaCl on the structure and dynamics of phospholipid
layers, submitted.

BP 24.23 Tue 16:00 BPp
Viscoelastic properties of Pancreatic cancer cells on Soft supports — ¢SHRUTI
G KULKARNII’Z, MALGORZATA LEKKAZ, and MANFRED RADMACHER!
"University of Bremen, Bremen, Germany — “Institute of Nuclear Physics,
Krakow, Poland
Pancreatic ductal adenocarcinoma (PDAC) is one of the leading causes of cancer-
related mortality, with less than 5% of patients having a 5-year survival rate. The
dense extra-cellular matrix (ECM) prevents drug-delivery and its remarkably
high stiffness may play a role in cancer initiation and progression. Invasive po-
tential of pancreatic cancer cells has also been related to cellular stiffness. We
tested the effect of substrate stiffness on stiffness of pancreatic cancer cells using
atomic force microscopy. Force curves were measured on primary tumor cell
lines (PANC1 and PL45) grown on collagen-coated polyacrylamide gels (PAG)
of stiffness 2.8 kPa and 16.6 kPa and plastic petri dishes. PANCI shape changes
in gradient from well-spread to round as stiffness of the substrate decreases. Me-
chanical parameters like Young’s (~1.4 kPa), storage and loss moduli remain the
same, indicating that they display a loss of mechanosensitivity when cultured on
PAG. PL45 is rounded on PAG but well-spread on plastic. Cells on the 2.8 kPa gel
are 3.5 kPa stiff, while those on 16.6 kPa gel are only 2.2 kPa stiff. PL45 cells may
have an increased potential to invade through soft ECMs, because their stiffness
increases as the substrate’s stiffness decreases. Further experimentation to study
the connection between metastatic and invasive cell lines, and other biomimetic
substrates, as well as the role of specific ECM proteins has been planned.

BP 24.24 Tue16:00 BPp
Calcium Dynamics Model in Endothelial Cells — +ANANTA KUMAR NAYAKI,
ZHE Gou', SovaN LaL Das?, and CHAOUQI M1sBaH! — ! Univ. Grenoble Alpes,
CNRS, LIPhy, Grenoble 38000, France. — 2Department of Mechanical Engineer-
ing, Indian Institute of Technology Palakkad, Palakkad 678557, India.
Calcium is a ubiquitous molecule and a second messenger that regulates many
cellular functions ranging from the exocytosis to the proliferation of cell. En-
dothelial cells (ECs) form a inner lining of blood vessels and play an important
role in transduction of extracellular environment information to the cytoplasm.
A robust calcium dynamics model is required to understand these cellular func-
tions occurring at (patho) physiological conditions in the ECs. In this work,
we have developed a single cell minimal calcium dynamics model by including
cytosol and endoplasmic reticulum (ER) calcium, Inp3 (Inositol Trisphosphate)
kinetics, and the receptor dynamics. We find that the receptor desensitization
due to phosphorylation and recycling of receptor play a vital role in maintaining
the calcium homeostasis in the presence of a constant stimulus due to adeno-
sine triphosphate (ATP). Apart from this, our model is able to capture other
experimental facts like refilling of calcium in ER, which is dependent on the ex-
tracellular calcium concentration. Overall the model is able to account for the
natural physiological recovery towards homeostasis of active components in the
calcium generation cascade. Furthermore, in a future work, we plan to extend
this model to include blood flow through the blood vessel to gain insights in the
development of vascular diseases.

BP 24.25 Tue16:00 BPp
Computational Modeling of Nuclear Blebs — «SiLvia BoNEaNTI!, MARIA
CHIARA LIONETTI, MARIA RiTa FUMAGALLI, FRANCESC FONT-CLOS!, STE-
FANO ZAPPER11‘4, and CATERINA A.M. La Porta®® — !Center for Complex-
ity and Biosystems Department of Physics, University of Milan, Milano, Italy
— 2Center for Complexity and Biosystems Department of Environmental Sci-
ence and Policy, University of Milan, Milano, Italy — > CNR-Consiglio Nazionale
delle Ricerche, Biophysics institute, Genova, Italy — *CNR-Consiglio Nazionale
delle Ricerche, Istituto di Chimica della Materia Condensata e di Tecnologie per
I’Energia, Milano, Italy
The morphology of the nucleus of eukaryotic cells is determined by the complex
interactions among the nuclear lamina forming the nuclear scaffold, the inter-
nal chromatin filaments and the coupling with the external cytoskeleton. It is
known that nuclear morphological alterations such as blebs are often associated
with pathological conditions such as Hutchinson-Gilford progeria syndrome.
Here, we investigate the role of mechanical factors in nuclear morphological al-
terations constructing a model of the cell nucleus, consisting of a flexible coarse-
grained shell representing nuclear envelope and lamina endowed with stretching
and bending rigidity, coupled to a set of coarse-grained polymers representing
chromatin and also to a set of oscillating points modeling contractions of the
cytoskeleton. We compare the simulations results with experimental results on a
cellular model of progeria and shed light on the important role played by chro-
matin and nuclear tethering in determining nuclear morphology and fluctua-
tions.
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BP 24.26 Tue 16:00 BPp
Contractile activity inhibition of Dupuytren fibroblasts: AFM mechanical
approach — «SANDRA PEREZ-DOMINGUEZ and MANFRED RADMACHER — In-
stitute of Biophysics, University of Bremen, Bremen, Germany
Dupuytren’s disease is a fibromatosis of the connective tissue of the palm that
causes progressive and permanent contracture of the digits. The mechanical
properties of healthy, scar and Dupuytren fibroblasts, all from the same patient,
were investigated employing the AFM after inhibiting the myosin light chain ki-
nase. For this purpose, ML-7 was used to block the actin-myosin activity, there-
fore, reducing inhibiting the cell contraction. The stiffness of Dupuytren fibrob-
lasts was around 3 kPa before adding ML-7 and in almost all cases a decrease to
400 Pa was observed after ML-7 addition. 60% of Dupuytren cells did not re-
cover; nevertheless, 30% of them showed a recovery over time. Scar fibroblasts
have a Young’s modulus of 2.5 kPa before adding ML-7 and showed a decrease
to 300 Pa after adding ML-7 similar to what we observed with the Dupuytren fi-
broblasts. Most scar fibroblasts reacted to the inhibitor; however, some 20% did
not show any response. Healthy fibroblasts showed - in preliminary experiments
using a different AFM cantilever tip - a smaller response when ML-7 has been
added, and some of the cells did not respond to the inhibitor considerably. This
is actually conceivable since healthy fibroblasts shall have less cortical tensity, i.e.
less myosin activity, and consequently applying a myosin inhibitor will result in
less change.

BP 24.27 Tue 16:00 BPp
A matter of size: Understanding size-dependent organelle transport in cells
— oSIMON WIELANDI’Z, DAviD GITSCHIERI, MARIUS M. KAISERI, CHRISTINA
STEININGER!, WOLEGANG GROss', ADAM G. HENDRICKS?, and HOLGER KREss'
— !Biological Physics Group, University of Bayreuth, Bayreuth — ?Animal
Ecology I, University of Bayreuth, Bayreuth — *Department of Bioengineering,
McGill University, Montreal
Intracellular transport of organelles is essential for numerous cellular processes,
including phagocytosis. Earlier findings indicate that the persistence of or-
ganelle transport during phagocytosis strongly depends on cargo size. To un-
derstand this behavior on a molecular level, we systematically quantified the
size-dependence of phagosomal transport forces using magnetic tweezers. We
found that transport forces increase with organelle size. With a simple geomet-
rical model taking the distribution of microtubules around the organelles into
account, we explain the scaling behavior of the transport forces. Our findings
indicate that intracellular organelles displace microtubules from their original
positions, leading to an increased microtubule density at the organelles surface,
and thus an increased number of binding possibilities for molecular motors. Ad-
ditionally, we performed immunofluorescence experiments on isolated phago-
somes, allowing us to identify and estimate the relative number of molecular
motors on the organelles. Quantifying the size-dependence of phagosomal trans-
port can lead to a deeper understanding of intracellular organelle transport and
the dynamics of interactions between molecular motors and the cytoskeleton.

BP 24.28 Tue 16:00 BPp
Extracellular matrix mechanical prestress during morphogenesis of
Drosophila wing discs — ¢ YANIN GUERRAZ, ELISABETH FISCHER-FRIEDERICHZ,
and CHRIsTIAN DaHMANN' — 'Institute of Genetics, Technische Universitit
Dresden, 01062 Dresden, Germany. — “Biotechnology Center of the TU Dres-
den (Biotec), Tatzberg 47/49, 01062 Dresden, Germany
The folding of tissues is the manner in which two dimensional sheets transform
into three dimensional structures. There are many mechanisms involved in fold
formation such as apical constriction, cell proliferation, collective migration and
cell-ECM adhesion. For a long time it has been thought that the most important
process is apical constriction, notwithstanding, how this mechanisms organise
to construct healthy three dimensional structures remains as an open question.
A recent study on the mechanical processes involved during hinge fold forma-
tion of the Drosophila wing imaginal disc found that there is a decrease of basal
tension in the central fold (H/H fold), but no apical constriction [1]. Moreover,
they report that this fold exhibits a depletion of the extracellular matrix (ECM)
suggesting that the dynamics of such structure drive fold formation. So, how
does the interaction between the ECM and the actomyosin networks contributes
to basal tension in the morphogenesis of the H/H fold in Drosophila wing disc?
The main goal of this research is to elucidate the role of ECM in the forma-
tion of H/H fold in Drosophila wing. To achieve this goal I will culture the wing
imaginal discs ex vivo in order tomeasure its mechanical properties using atomic
force microscopy.

BP24.29 Tue 16:00 BPp
Profilin Regulating the Polymerisation Velocity of Actin — «LINA HEYDEN-
REICH and JAN KiErRreLD — TU Dortmund
F-Actin, as a part of the cytoskeleton, drives crucial biological processes like cell
motility, where the control of the polymerisation speed is essential. Experiments
n [1] show a maximal polymerisation speed of F-actin at high concentrations of
profilin and actin.
We present a kinetic model of F-actin growth in the presence of profilin and
obtain an exact result for the mean growth velocity which is in agreement with
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stochastic simulations, and explains the experimental data. The maximal growth
speed is limited by the release rate of profilin from filamentous actin. In the limit
where nearly all actin monomers are bound to profilin, the polymerisation speed
follows the Michaelis-Menten kinetics.

We analyse the influence of an external force on the polymerisation speed. The
stall force for energetically balanced rates is identical to the stall force for F-Actin
without profilin.

[1] Johanna Funk et al. "Profilin and formin constitute a pacemaker system for
robust actin filament growth". eLife 8 (2019), 50963

BP 24.30 Tue 16:00 BPp
Tailored ensembles of neural networks optimize sensitivity to stimulus statis-
tics — ¢JOHANNES ZIERENBERGI’Z, JENS WILTINGI, VioLa PRIESEMANNI’Z, and
ANNA Levina®* — !Max Planck Institute for Dynamics and Self-Organization,
Am Fassberg 17, 37077 Géttingen, Germany — Bernstein Center for Computa-
tional Neuroscience, Am Fassberg 17, 37077 Gottingen, Germany — 3Universi'[y
of Titbingen, Max Planck Ring 8, 72076 Tiibingen, Germany — *Max Planck In-
stitute for Biological Cybernetics, Max Planck Ring 8, 72076 Tiibingen, Germany
The capability of a living organism to process stimuli with nontrivial intensity
distributions cannot be explained by the proficiency of a single neural network.
Moreover, it is not sufficient to maximize the dynamic range of the neural re-
sponse; it is also necessary to tune the response to the intervals of stimulus inten-
sities that should be reliably discriminated. We derive a class of neural networks
where these intervals can be tuned to the desired interval. This allows us to tailor
ensembles of networks optimized for arbitrary stimulus intensity distributions.
We discuss potential applications in machine learning.

BP24.31 Tue16:00 BPp
Timing cellular decisions using transient cues — eFELIX MEIGEL', LiNa
HELLWIGZ, JORG CONTZENZ, PHILIPP MERGENTHALERZ, and STEFFEN
RuLanps"® — 'Max Planck Institute for Physics of Complex Systems, Dres-
den — *Neurology Department, Charité University Medicine Berlin — >Center
for Systems Biology Dresden
The maintenance of intact tissues relies on precise cellular decision-making de-
spite strongly fluctuating extrinsic cues. These decisions involve processes on
vastly different scales, from molecules to organelles and cells in tissues. How can
cells manipulate the propagation of fluctuations across these scales to perform
biological function? Here, we show how the non-equilibrium interplay between
microscopic and mesoscopic dynamics leads to a kinetic low-pass filter facili-
tating precise sensing of fluctuating cellular states. Specifically, we find that the
interplay between molecular and organelle dynamics gives rise to a single, col-
lective degree of freedom. We show that this degree of freedom exhibits rich
dynamical behaviour showing different kinetics on different temporal scales and
thereby leading to the suppression of fast fluctuations. We demonstrate our find-
ings in the context of the metabolic regulation of cell death via the interplay of
Bax protein dynamics with rapid mitochondrial fusion and fission and find an
order of magnitude effect on the error rate of the cell death decision. Our work
shows paradigmatically how biological function relies on the non-equilibrium
integration of processes on different spatial scales to control and respond to fluc-
tuations.

BP 24.32 Tue 16:00 BPp
Dynamic analysis of the SinR/SIrR/Sinl genetic circuit for biofilm forma-
tion in Bacillus subtilis — ¢«SIMON DANNENBERG, JONAS PENNING, and STEFAN
Krumpp — Institut fiir Dynamik komplexer Systeme Georg-August-Universitat
Gottingen Friedrich-Hund-Platz 1 37077 Géttingen, Germany
Switching between different lifestyles in bacteria serves as a survival strategy un-
der changing environmental conditions. It allows genetically identical cells to
develop different phenotypic traits and creates diversity in a colony of cells. Such
switches either occur stochastically due to fluctuations in gene expression or are
the result of a deterministic process. In our work we investigate biofilm forma-
tion by mathematical analysis of the SinR/SIrR/SinI genetic circuit in Bacillus
subtilis. Via a rate equation approach for the involved proteins, steady state so-
lutions are found in which parameter regions for bistability exists. For those
regions we conducted a stochastic analysis using a Gillespie algorithm, which
shows that typical fluctuations are not sufficient to induce the transitions be-
tween these states. Instead, we propose a deterministic switching mechanism
and analyzed its dynamic.

BP 24.33 Tue 16:00 BPp
Intermediate scattering function in multi-channel dynamics: from model
systems to particle-tracking data in live cells — +Ca1 DIEBALL!, ADAL SABRT,
XINRAN XU3, DieEGco KRAPF3’4, MATTHIAS WEISSZ, and ALjAZ Gopec! —
! Mathematical bioPhysics Group, Max Planck Institute for Biophysical Chem-
istry, 37077 Gottingen, Germany — “Experimental Physics I, University of
Bayreuth, 95440 Bayreuth, Germany — >Department of Electrical and Com-
puter En§ineering, Colorado State University, Fort Collins, Colorado 80523,
USA — *School of Biomedical Engineering, Colorado State University, Fort
Collins, Colorado 80523, USA
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Several experimental techniques probe collective observables related to the
intermediate scattering function, i.e. the expectation value of the Fourier-
transformed displacement vectors of the system’s particles. These techniques
include neutron, X-ray and dynamic light scattering, neutron spin echo and
Fourier imaging correlation spectroscopy, and differential dynamic microscopy.
Intermediate scattering functions provide useful, complementary information
even when applied to experiments that are able to track the motion of individ-
ual particles. In our work we analyze the intermediate scattering function in
systems with ”multi-channel” dynamics, i.e. dynamics stochastically switching
between different modes of motion. We first inspect scattering fingerprints in
simple model systems with two-channel dynamics. We then analyze trajectories
from particle-tracking experiments in the cytoplasm of mammalian cells, and
confirm that these display characteristics of anomalous, two-channel fractional
Brownian motion.

BP 24.34 Tue 16:00 BPp
Nonlinear Allosteric Effect in Elastic Network Models of Proteins —
«MAXIMILIAN VOsSEL and ALJAZ GODEC — Mathematical bioPhysics Group,
Max Planck Institute for Biophysical Chemistry, 37077 Gottingen, Germany
Allostery is a ubiquitous phenomenon in proteins, where the binding of a ligand
at one site induces perturbations at another, often spatially distant site. The large
scale dynamics of biomolecules is often effectively described by coarse-grained
elastic network models that encode the collective motion of proteins around their
equilibrium structure. However, despite their conceptual simplicity the manner
in which these network models respond to local structural perturbations, such
as the binding of a ligand molecule, is highly non-trivial and in the context of
allostery remains an unsolved problem. We develop a simple and efficient algo-
rithm for determining the full, nonlinear response of such networks to arbitrary
structural perturbations that mimic the binding of a ligand molecule in the limit
of high stiffness (or low temperature). Applying the algorithm we find that the
response often displays pronounced nonlinearities. This suggests that recent at-
tempts to explain allostery in proteins based on linear response theory are not
necessarily accurate and may not always be meaningful.

BP 24.35 Tue 16:00 BPp

Comparative analysis of metabolic and transcriptomic features of Notho-
branchius furzeri — sMaria Rrta FumacaLL™>®, FRancesc FonT-CLos™™,
SIMONE MILANI, STEFANO ZAPPERII’4’5, and CATERINA A.M. La Portab?? —
! Center for Complexity and Biosystems, University of Milan — 2Biophysics In-
stitute, CNR, Genova — >Dep. of Environmental Science and Policy, University
of Milan — 4Dep. of Physics, University of Milan — SICMATE, CNR, Milan
Nothobranchius furzeri is a killifish with an extremely rapid growth and short
lifespan with respect to other vertebrates. Despite its short life, N. furzeri shows
hallmarks typical of aging. We investigated the aging process of N. furzeri in
comparison with other two well characterized animal models (Danio rerio and
Mus Musculus) with a combination of computational analysis and modeling.

The analysis of gene expression changes during ageing suggests the presence of
alterations in regulatory mechanisms happening early during N. furzeri lifetime.
Coherently, N. furzeri shows a specific deregulation pattern of genes involved in
chromatin remodeling as well as histone acetylation and deacetylation. Enzymes
deregulation could affect metabolic reactions, but changes in terms of efficiency
in the production/consumption of metabolites are not easy to address. To this
end, we implemented a metabolic network model based on flux balance analysis
applying it to the fundamental glycolysis pathway.

Opverall, our analysis shows that N. furzeri ageing process is associated to very
peculiar chromatin and metabolic dynamics.

BP 24.36 Tue 16:00 BPp
Dynamics of tethered polymers in a circular confinement — sMENG WaNG?,
TiMm KLINGBERGI’Z, MAURO BATTIPEDEI’Z, VASILY ZABURDAEVI'Z, and Hui-
SHun Kuan'? — !Friedrich-Alexander-Universitat Erlangen-Niirnberg —
2Max-Planck-Zentrum fiir Physik und Medizin
During meiosis, the paternal and maternal chromosomes find each other to pair
and exchange parts of their genetic material in the process of recombination,
which is the major mechanism contributing to genetic diversity in sexually re-
producing organisms. As the first steppingstone in understanding how phys-
ical mechanisms help chromosomes to align, we study the dynamics of chro-
mosomes in the nucleus. In this poster, we consider meiotic DNA as a freely
jointed chain confined in a circle with the ends of the chain being tethered and
free to move along the circle. We use the kinetic Monte Carlo algorithms to sim-
ulate the stochastic motion of the polymer and compare the results to the Rouse
model. Although the Rouse model successfully describes the simulation results,
especially the transient subdiffusive regimes, the global motion of the polymer
is very different due to the constraint of the circle. For small monomer numbers,
the polymer can stretch to match the diameter of the circle, and the trajectory of
its each end can wind around the circle. However, with fixed polymer length, for
large monomer numbers, the chain tends to form a contracted coil, stochastically
moving along the circle like a composite particle in the long-time limit.
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BP 24.37 Tue 16:00 BPp
Dimensionality of neural circuit manifolds associated with a salt-and-pepper
organization of cortical stimulus preferences — MICHAEL STERNBACH ">
and Frep WorLr">>*° _ !Campus Institute for Dynamics of Biological Net-
works, Géttingen, Germany — “Max Planck Institute for Dynamics and Self-
Organization — *Bernstein Center for Computational Neuroscience Gottingen
— “Institute for Dynamics of Complex Systems, Georg-August University Got-
tinge — >Max Planck Institute of Experimental Medicine
Biological neural circuits are expected to converge to one of many stable network
configurations. For the form vision core circuit of primate/carnivore V1 prior
work indicates that stable network configurations form toroid high-dimensional
continua (Wolf 2005, Kaschube et al. 2010). Similar results for network configu-
rations in rodents V1, called salt-and-pepper organizations (SaP), are currently
not available. Here we utilize techniques from the study of spin liquid states
(Chalker 2015) to construct mathematically tractable models with SaP optimal
states. We demonstrate that these models can exhibit ground state manifolds
with extensive dimensionality. This result is consistent with the general expecta-
tion that there are a very high number of equivalent SaP configurations. These
studies expand the toolbox for analyzing the multiplicity of stable cortical circuit
configurations. Our first results suggest that the evolutionary transition from a
rodent ancestral circuit configurations of V1 to a primate/carnivore V1 architec-
ture was accompanied by a reduction in cortical circuit state dimension.

BP 24.38 Tue 16:00 BPp
Trading bits in the readout from a genetic network — «MARIANNE BAUER!,
MARIELA PETKOVAZ, THOMAS GREGOR1’3, EriC WIESCHAUSI, and WILLIAM
Biarex™* — !Princeton University, Princeton, USA — *Harvard University,
Boston, USA — 3Institut Pasteur, Paris, France — 4Ci'[y University of New York,
New York, USA
In genetic networks, information of relevance to the organism is represented by
the concentrations of transcription factor molecules. In order to extract this in-
formation the cell must effectively measure” these concentrations, but there are
physical limits to the precision of these measurements. We explore this trading
between bits of precision in measuring concentration and bits of relevant infor-
mation that can be extracted, using the gap gene network in the early fly embryo
as an example. We argue that cells in the embryo can extract all the available
information about their position, but only if the concentration measurements
approach the physical limits to information capacity. These limits necessitate the
observed proliferation of enhancer elements with sensitivities to combinations
of transcription factors, but fine tuning of the parameters of these multiple en-
hancers is not required.

BP 24.39 Tue 16:00 BPp
Coupling of growth, replication and division in E. coli — eMAREIKE BERGER
— AMOLE, Amsterdam, The Netherlands
Growth, DNA replication and division are key features of every living organism.
The precise temporal control of these processes is essential for survival. We in-
vestigate how the model organism E. coli couples its replication to its division
cycle under different growth conditions. According to the phenomenological
general growth law, E. coli on average initiates replication at a constant volume
per origin of replication and divides a constant time later. This simple mecha-
nism allows E. coli to divide faster than it takes to replicate its DNA while main-
taining cell size homeostasis. It is a longstanding open question how the general
growth law is realized on a molecular level. We present a theoretical model that
is based on experimentally observed molecular mechanisms and that can repro-
duce the phenomenological general growth law. This novel model allows us to
make quantitative predictions on the regulation of replication in E. coli.

BP 24.40 Tue 16:00 BPp
DNA accumulates and concentrates in artificial hydrothermal chimneys
mimicking prebiotic geophysical conditions — ¢eMAXIMILIAN WEINGART, LEA
Gicou, OMER CoskUN, WiLLIAM ORrsI, and DIETER BRAUN — LMU Miinchen,
Munich, Germany
The so called concentration problem on early Earth represents one of the great-
est challenges for molecular evolution forcing it to proceed from highly diluted
prebiotically formed molecules in an extensive ocean. Origin of Life research
is therefore inclined to think about potential locations that provide necessary
geophysical conditions to overcome this hurdle.

Recently, Barge and Coworkers [1] showed the formation of oxyhydroxide
minerals in alkaline hydrothremal vents suggesting that prebiotic chemical re-
actions could have happened in such a scenario. Additionally, diffusiophoresis
driven by the ionic gradient across the mineral membrane could move dissolved
DNA molecules towards the chimneys where the charged strands adsorb to the
mineral surface. This could locally increase DNA concentration while prohibit-
ing back diffusion into the ocean at the same time.

To test this hypothesis, herein we used an artificial hydrothermal vent mimic
[1] by using crimp flasks and injecting hydrothermal fluid (pH 12) into the Fe(II)
containing ocean simulant (pH 5.5) with dissolved DNA ladders. Preliminary
results showed higher DNA concentration in the mineral sample after selec-
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tive analysis of remaining ocean and chimney. [1] Barge et al. PNAS (2019)
doi.org/10.1073/pnas.1812098116

BP 24.41 Tue16:00 BPp
Phase separation in membranes due to matter exchange — <NIRvANA
CABALLERO', KARSTEN KRUSE?, and THIERRY GIAMARCHI' — 1Department

of Quantum Matter Physics, University of Geneva, 24 Quai Ernest-Ansermet,
CH-1211 Geneva, Switzerland — Department of Biochemistry, Department of
Theoretical Physics and National Center of Competence in Research Chemical
Biology, University of Geneva, CH-1211 Geneva, Switzerland

Heterogeneous lipid composition in cell membranes is key to biological function,
acting as one of the main mechanisms to exchange information between cells or
between a cell an its environment. The underlying mechanisms controlling pat-
tern formation are still under debate. In this work, we consider a theoretical
phase-field model to describe the composition of a two-dimensional membrane
exchanging matter with a reservoir. The model includes matter absorption and
desorption in the membrane with different rates. By only assuming matter con-
servation in the system membrane-reservoir, we show with extensive numerical
simulations that, depending on these rates, a complex patterned composition
distribution emerges in the membrane. The pattern emergence is due to spatio-
temporal “memory” effects. Our results show that the causes of heterogeneous
lipid composition may be justified in simple physical terms.

BP 24.42 Tue16:00 BPp
DNA Replication:Accuracy and Speed of elongation — «MAMATA SAHOO',
ArsHA NOUSAD' , PRIYARANJAN BARALZ, and STEFAN KLumpp® — 1Department
of Physics, University of Kerala, Kariavattom Campus-6955881, India —
*Department of Physics, — ’Institute for the Dynamics of Complex Systems,
University of Gottingen, Gottingen, Germany
Being a dual purpose enzyme, the DNA polymerase is responsible for elongation
of the newly formed DNA strand as well as cleaving the erroneous growth in case
of a misincorporation. Though this is an efficient mechanism, sometimes DNAP
with misincorporated nucleotide may escape to the next site as well as a correctly
incorporated nucleotide causing a replication error may get cleaved unnecessar-
ily from the exonuclease site. An error in 10° correct nucleotides incorpora-
tion has been observed experimentally. Here we propose a theory based kinetic
model of DNA replication and find out the exact results for the velocity of elon-
gation as well as the accuracy of replication. Surprisingly it is observed that the
velocity of elongation with erroneous stepping passes through a crossover show-
ing exact opposite behaviors at above and below the crossover point. Moreover,
we ask the question that how the erroneous stepping with other parameters of
the model have to be set in order to have a control over the speed of elongation
mechanism. Finally we argue that the theoretical analysis of our results provide
a simple picture of the design of a more accurate replication system and follows
up with the speed-accuracy linear trade-off rule.

BP 24.43 Tue 16:00 BPp
Protein-ligand dynamics on multisecond timescales from sub-us atomistic
simulations — ¢STEFFEN WOLF, BENJAMIN LICKERT, SIMON BrAY, and GER-
HARD STOCK — Biomolecular Dynamics, Institute of Physics, University of
Freiburg, Hermann-Herder-Strafle 3a, 79104 Freiburg
Coarse-graining of fully atomistic molecular dynamics simulations is a long-
standing goal to allow the prediction of processes occurring on biologically rel-
evant timescales. To achieve the necessary enhanced sampling, we first perform
dissipation-corrected targeted molecular dynamics simulations which yield free
energy and friction profiles of the molecular process of interest. In a second
step, we use these fields to perform Langevin equation simulations which ac-
count for the desired molecular kinetics. By introducing the concept of temper-
ature boosting of the Langevin equation, this combination of methods allows for
the simulation of biomolecular processes occurring on multisecond timescales
and beyond. Adopting the dissociation of solvated sodium chloride and several
protein-ligand complexes as test problems, we are able to reproduce rates from
atomistic MD simulation and experiments within a factor of 1.5-4 for rates up
to the range of millseconds and 2-20 in the range of seconds.

BP 24.44 Tue 16:00 BPp
Structuring of the epithelial tissue — eJakov Lovri¢"®, MiCHAEL A. KLATT?,
SARA KALIMAN3, GERD E. SCHRC')DER-TURK4, and ANA-SUNCANA SMITH™ —
! Division of Physical Chemistry, Ruder Boskovi¢ Institute, Zagreb, Croatia —
2Department of Physics, Princeton University, Princeton, New Jersey 08544,
USA — *PULS Group, Institute for Theoretical Physics, Interdisciplinary Center
for Nanostructured Films,Friedrich- Alexander-Universitit Erlangen-Niirnberg,
Erlangen, Germany — *Murdoch University, College of Science, Health, Engi-
neering and Education, Murdoch, Australia
Structural properties of space tessellations are important to understand vari-
ous problems in many fields of science and industry. One of the existing ques-
tions is how to tessellate space with the maximized centrality of the cells, usually
known as the Quantizer problem. Here we study stable solutions of the Quantizer
problem by applying Lloyd’s algorithm on various disordered random point pro-



Biological Physics Division (BP)

Tuesday

cesses. We find that Lloyd’s algorithm converges to a universal amorphous struc-
ture with long-range order. Furthermore, we investigate the role of cell centrality
in the epithelium tissue. First, we find that the tissue can be represented by the
tessellation based on the nuclear shape of constituting cells. In the following, we
explore the interplay between finite-size effects and the Lloyd minimization and
find that during the epithelial tissue development, centrality as a concept may
play a role and is tightly controlled by the activity of the cell.

BP 24.45 Tue 16:00 BPp
Processive motors as active agents of microtubule lattice regulation —
WiLLiAM LECOMPTE and «KARIN JoHN — University of Grenoble-Alpes, CNRS,
Laboratoire Interdisciplinaire de Physique, 38000 Grenoble, France
Microtubules and molecular motors are ubiquitous in eukaryotic cells and are
vital for many key cellular functions (cell division, organelle transport, motion).
Recent experiments have shown that molecular motors modify the underlying
microtubule lattice, yet a mechanistic model has remained elusive. Here we in-
vestigate theoretically how molecular motors could potentially participate in re-
modelling the shaft lattice. Our key idea is, that the walk of molecular motors
locally destabilizes the lattice and may facilitate the exchange of tubulin dimers
with the surrounding medium.

To test this assumption, we investigate a microtubule lattice model with lattice-
motor interactions using kinetic Monte Carlo simulations. We propose a simple
model with two key ingredients. The walk of molecular motors along the micro-
tubule induces locally a conformational change with life time 7, in the underlying
lattice, which is less stable than the unperturbed lattice. Single lattice vacancies
are stabilized via a steric hindrance for GTP dimers to integrate a GDP-lattice
environment. As preliminary results we observed that a small flux of molecular
motors which weakly destabilizes the lattice is sufficient to decrease the life-time
of microtubules in the absence of free tubulin considerably.

BP 24.46 Tue 16:00 BPp

Analysis of cell contact inhibition during growth of epithelial tissue —
*SEBASTIAN RUHLE, ANJA VOss-BOHME, and STEFFEN LANGE — University of
applied sciences, Dresden, Germany
Dominating mechanisms in the development of healthy epithelial tissue are still
subject to contemporary research, especially for tumour progression. While ex-
periments suggest, that biomechanical cell-cell-interactions are crucial for the
development of the tissue, it’s usually oversimplified or neglected in theoretical
approaches. For instance, the impact of cell migration, competition or contact
inhibition on development of the cell colony is barely quantified. Puliafito et al.
(2012) did experiments on MDCK-cells and proposed, that the behaviour of the
colony during the growth phase can be solely explained by contact inhibition.

To test this hypothesis, we develop a cell-based model and compare the numer-
ical results with the experimental data. using a cellular automaton we emulate
single cell behaviour like cell migration, growth, proliferation, and cell-cell inter-
actions like cell adhesion. The parameters are calibrated by experimental single
cell tracking measurements. We show that without any mechanism of contact in-
hibition, this calibrated model reproduces emergent quantities like colony area,
density, shape, cell size distribution, and collective cell motion from the exper-
iment only to some extent. The discrepancies are most prominent for the long
term cell density and cell size distribution and substantiate the role of contact
inhibition in tissue growth.

BP 24.47 Tue 16:00 BPp
Analyzing the replication dynamics of malaria parasites — ePATRICK
BINDERI’Z’S, SEVERINA KLAUS4, THOMAS HGFERS, NiLs BECKER3, ULRICH
Scuwarz>?, and Markus GanTeR* — 'Institute for Theoretical Physics, Hei-
delberg University, Germany — “BioQuant, Heidelberg University, Germany —
3German Cancer Research Center (DKFZ), Heidelberg, Germany — *Center for
Infectious Diseases, Heidelberg University Hospital, Heidelberg, Germany,
At around 200 million cases and half a million of fatalities each year, malaria
remains a global health challenge. The predominant malaria-causing pathogen
Plasmodium falciparum is a eukaryotic parasite with a complex life cycle that in-
cludes proliferation within red blood cells. After invasion, the parasite undergoes
several rounds of nuclear division, eventually releasing around 24 daughter para-
sites into the blood. Intriguingly, the nuclei divide asynchronously although they
reside in a shared cytoplasm. It is unknown how this process is controlled to yield
a well-controlled and well-timed final outcome. We investigate the regulation of
DNA replication and nuclear division by confronting simple stochastic branch-
ing models with high-resolution time-lapse confocal microscopy. We first found
that successive rounds of replication speed up initially and slow down later on.
Second, termination of replication is regulated by a counter mechanism and not
a timer. Third, DNA replication is less synchronous than in stochastic lineages
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of mother-daughter correlated nuclei or even independent nuclei. Together, our
analysis discovered the unusual mode of replication of a major human pathogen.

BP 24.48 Tue 16:00 BPp
Topology Control and Pruning in Intertwined Biological Flow Networks. —
«FELIX KRAMER"? and CarL MopEs"*? — !Max Planck Institute for Molecu-
lar Cell Biology and Genetics (MPI-CBG), Dresden 01307, Germany — 2Center
for Systems Biology Dresden (CSBD), Dresden 01307, Germany — >Cluster of
Excellence Physics of Life (PoL), Dresden 01062, Germany
Any larger organism is dependent on the proper distribution of supplies such as
water, oxygen, nutrients etc, through extended and complex vessel systems. Nat-
urally, the morphogenesis of these vessel networks during their earliest develop-
mental stages has been extensively studied, in particular for slime-molds, leaf
venation systems and vessel systems in vertebrates. Interestingly enough there is
a universal hypothesis for the onset of maturation of any rudimentary network:
Mechanic stresses, caused by the fluid flow, drive the development of the system
toward a stationary state representing on optimum of dissipation, flow unifor-
mity or metabolite distribution. Nevertheless, the influence of environmental
factors on such long-term adaptation dynamics as well as the networks structure
and function have not been fully understood. Therefore, interwoven channel
systems such as found in the liver, kidney and pancreas, present a novel chal-
lenge and key opportunity regarding the field of coupled distribution networks.
We here present an advanced version of the discrete Hu-Cai model, coupling two
spatial networks in 3D. We show that spatial coupling of two flow-adapting net-
works can control the onset of topological complexity in concert with short-term
flow fluctuations.

BP 24.49 Tue16:00 BPp
Exploratory analysis and comparison of biomolecular structural ensembles
with PENSA — «MARTIN VOGELE' and Rox O. Dror»>** — ' Department of
Computer Science, Stanford University — 2Department of Molecular and Cellu-
lar Physiology, Stanford University — 3Department of Structural Biology, Stan-
ford University — *Institute for Computational and Mathematical Engineering,
Stanford University
Molecular simulations enable the study of proteins and other biomolecules and
their dynamics on an atomistic scale. The large amount of data produced for ever
more complex systems often makes it difficult to identify the structural features
that are relevant for a particular phenomenon. Whilst most available analysis
tools provide methods to analyze one simulation at a time, many common re-
search pursuits necessitate analysis across several conditions - like mutations or
different ligands - and finding significant differences between them.

We introduce PENSA, a collection of methods for exploratory analysis and
comparison of structural ensembles such as those from molecular dynamics sim-
ulations. So far PENSA users can compare two conditions, e.g., via the relative
entropy of their features or a Kolmogorov-Smirnov test, and visualize deviations
on a reference structure. PENSA also implements exploratory analysis methods
- like principal component analysis and clustering - that are applied across sev-
eral ensembles. We demonstrate PENSA’s usefulness on real-world examples by
showing how it helps to determine molecular mechanisms efficiently.

BP 24.50 Tue 16:00 BPp

Morpheus: A user-friendly modeling and simulation framework for multi-
cellular systems — JORN STARRUSS, DIEGO JAHN, ROBERT MULLER, ANDREAS
DEeuTscH, and «LuTz BRuscH — Center for Information Services and High Per-
formance Computing (ZIH), Technische Universitidt Dresden, Germany
Computational modeling and simulation become increasingly important to an-
alyze tissue morphogenesis. Existing software for multicellular models require
scientists to encode their models in an imperative programming language. Mor-
pheus (1,2), on the other hand, is an extensible open-source software framework
that is entirely based on declarative modeling. It uses the domain-specific lan-
guage MorpheusML to define multicellular models through a user-friendly GUI
and has since proven applicable by a much broader community, including ex-
perimentalists. We here present how MorpheusML enables advanced scientific
workflows (3) and cross-software exchange of multicellular models (4). Mor-
pheusML can represent the spatial and mechanical aspects of interacting cells.
A numerical simulation is then composed by automatic scheduling of predefined
components in the simulator. Moreover, Morpheus supports simulations based
on experimental data, e.g. segmented cell configurations, and offers a broad set
of analysis tools to extract features right during simulation.

(1) Starrufl et al. Bioinformatics 30, 1331, 2014. (2) Morpheus
homepage: https://morpheus.gitlab.io (3) Parameter estimation workflow:
https://fitmulticell.gitlab.io (4) Model standardization: https://multicellml.org



Biological Physics Division (BP) Tuesday

BP 25: Nationale Forschungsdateninfrastruktur (NDFI) (joint session BP/CPP/DY/SOE)
Time: Tuesday 17:45-18:30 Location: BPb

Details will be published in a programme update.

BP 26: Annual General Meeting
Time: Tuesday 18:30-19:00 Location: BPa

Annual General Meeting

BP 27: Active Matter 3 - organized by Carsten Beta (Potsdam), Andreas Menzel (Magdeburg) and
Holger Stark (Berlin) (joint session DY/BP)

Time: Wednesday 9:00-10:40 Location: DYb

See DY 36 for details of this session.

BP 28: Active Matter 4 - organized by Carsten Beta (Potsdam), Andreas Menzel (Magdeburg) and
Holger Stark (Berlin) (joint session DY/BP)

Time: Wednesday 11:00-13:00 Location: DYb

See DY 41 for details of this session.

BP 29: Active Matter 5 - organized by Carsten Beta (Potsdam), Andreas Menzel (Magdeburg) and
Holger Stark (Berlin) (joint session DY/BP)

Time: Wednesday 14:30-15:50 Location: DYb

See DY 46 for details of this session.
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Overview of Invited Talks and Sessions

CPPa  Singlet fission in blends of organic semiconductors — «KATHARINA BROCH, CLEMENS
ZEISER, LucA MORETTI, CHAD CRUZ, GIULIO CERULLO, ROEL TEMPELAAR, CHRISTOPHER
BARDEEN

CPPa  Small, but highly effective: Functional molecules in polymer devices — ¢ ULRIKE KRAFT

CPPb  Liquid-liquid Dewetting: From Spinodal Breakup to Dewetting Morphologies and
Rates — ¢RALF SEEMANN, ROGHAYEH SHIRI, STEFAN BOMMER, DIRK PESCHKA, SEBAS-
TIAN JACHALSKI, LENOIE SCHMELLER, BARBARA WAGNER

CPPb  Sinking droplet durotaxis and engulfment — «ANNE JUEL

CPPa  Ultrafast spectroscopy of charge and structural dynamics in hybrid perovskites —
*FELIX DESCHLER

CPPa  Structural dynamics of halide perovskites via in-situ electron microscopy — «CHEN L1

CPPb  Polymer Micelles with Crystalline Cores: confinement effects, molecular exchange ki-
netics and mechanical response — Nico KOENIG, LuTZ WILLNER, *REIDAR LUND

CPPb  Dynamic behaviour of anisotropic magnetic particles in suspensions — «Sor1A KAN-
TOROVICH

CPPa  Charging Dynamics and Structure of Ionic Liquids in Nanoporous Supercapacitors —
*CHRISTIAN HOLM, KONRAD BREITSPRECHER, SVYATOSLAV KONDRAT

CPPa  Interaction of polyelectrolytes with proteins — ¢«MATTHIAS BALLAUFF

CPPb  Data-driven methods in polymer physics: exploring the sequence space of copolymers
— ¢«MARCO WERNER

CPPb  Structure formation in drying films and droplets — e ARASH NIKOUBASHMAN, MICHAEL
HowARrD, MiICHAEL KApPpPL, HANS-JURGEN BuTT

Mon  8:50- 9:00 CPPa  Welcome
Mon  9:00-16:30 CPPa  Molecular Electronics - organized by Derck Schlettwein (Justus Liebig Univer-

sity Giessen, Giessen)

Mon  9:00-16:30 CPPb  Wetting - organized by Stefan Karpitschka (Max Planck Institute for Dynamics

and Self-Organization, Gottingen) (joint session CPP/DY)

Mon  9:00-11:00 BPb Active Biological Matter I (joint session BP/DY/CPP)

Mon 11:00-13:30  BPb Active Biological Matter II (joint session BP/CPP/DY)

Mon 16:30-18:30 CPPp  Poster Session I - Molecular Electronics and Wetting

Tue 9:00-16:30 CPPa  Perovskites - organized by Eva M. Herzig (University of Bayreuth, Bayreuth)
Tue 9:00-16:30 CPPb  Complex Fluids - organized by Christine M. Papadakis (Technical University of

Munich, Garching) (joint session CPP/DY)

Tue 9:00-11:00  BPc Focus Phase Separation in Biological Systems I (joint session BP/CPP)
Tue 9:30-10:30 DYa Active Matter 1 - organized by Carsten Beta (Potsdam), Andreas Menzel

(Magdeburg) and Holger Stark (Berlin) (joint session DY/BP/CPP)

Tue  11:00-13:00 DYa Active Matter 2 - organized by Carsten Beta (Potsdam), Andreas Menzel

(Magdeburg) and Holger Stark (Berlin) (joint session DY/BP/CPP)

Tue  14:00-16:00 BPb Focus Phase Separation in Biological Systems II (joint session BP/CPP)
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CPP13.1-13.6  Tue  14:30-16:30 DYc Complex Fluids and Soft Matter 3 (joint session DY/CPP)

CPP 14.1-14.26 Tue  16:30-18:30 CPPp  Poster Session II - Complex Fluids and Perovskites

CPP 15 Tue  17:45-18:30  BPb Nationale  Forschungsdateninfrastruktur (NDFI) (joint  session
BP/CPP/DY/SOE)

CPP 16.1-16.12 Wed  9:00-15:20 CPPa  Charged Soft Matter - organized by Joachim Dzubiella (Albert Ludwigs Univer-
sity Freiburg, Freiburg)

CPP17.1-17.10 Wed  9:00-14:40 CPPb  Theorie and Simulation - organized by Jens-Uwe Sommer (Leibniz-Institut fiir
Polymerforschung Dresden, Dresden) (joint session CPP/DY)

CPP 18.1-184  Wed 9:00-10:30 DYa Complex Fluids and Soft Matter 1 (joint session DY/CPP)

CPP 19.1-19.3  Wed 9:30-10:30 DYc Glasses and Glass Transition 1 (joint session DY/CPP)

CPP 20.1-20.6  Wed 11:00-13:00 DYa Complex Fluids and Soft Matter 2 (joint session DY/CPP)

CPP21.1-21.6 Wed 11:00-13:00 DYc Glasses and Glass Transition 2 (joint session DY/CPP)

CPP 22.1-22.43 Wed 16:30-18:30 CPPp  Poster Session III - Charged Soft Matter and Theory and Simulation
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Chemical and Polymer Physics Division (CPP)

Monday

Sessions
— Invited Talks, Contributed Talks, and Posters —

CPP 1: Welcome

Time: Monday 8:50-9:00

Welcome

Location: CPPa

CPP 2: Molecular Electronics - organized by Derck Schlettwein (Justus Liebig University Giessen,
Giessen)

Time: Monday 9:00-16:30

CPP2.1 Mon9:00 CPPa
Organic light-emitting diodes for high-brightness operation: self-heating
and switched-back regions — <ANTON KIRCHI, AXEL FISCHERI, MATTHIAS
LIEROZ, JURGEN FUHRMANNZ, ANNEGRET GLITZKYZ, and SEBASTIAN REINEKE'
— !Dresden Integrated Center for Applied Physics and Photonic Materials
(IAPP) and Institute of Applied Physics, Technische Universitit Dresden, Ger-
many — “Weierstrass Institute Berlin, Germany
Nonlinear effects typically involve switching phenomena that can lead to abrupt
catastrophic device failure. For example, organic light-emitting diodes (OLEDs)
suffer from strong electrothermal feedback that arises upon Joule self-heating.
The interaction between temperature-dependent conductivity and power dissi-
pation results in a positive feedback loop that finally destroys the device by ther-
mal runaway. The situation becomes more severe for large-area OLEDs where
the operation regime can locally differ. Former modeling studies, using a net-
work of thermistors, led to the proposal that a so-called *switched-back* region
arises. In this area, the current density, as well as the brightness, decreases al-
though the total device current still increases when running an IV scan.

Here, we experimentally prove the existence of a switched-back region. We
demonstrate that its appearance agrees with the simulation that solely uses elec-
trothermal modeling. Our study aims to improve the long-term stability of high
brightness OLED lighting tiles e.g. as applied in the automotive sector.

CPP22 Mon9:20 CPPa
Numerical Modeling of Transient Electroluminescence based on Thermally
Activated Delayed Fluorescence — ¢JEANNINE GRUNE, NIKOLAI BUNZMANN,
SEBASTIAN WEISSENSEEL, VLADIMIR DYAKONOV, and ANDREAS SPERLICH —
Experimental Physics VI, Julius Maximilian University of Wiirzburg, 97074
Wiirzburg
Organic light emitting diodes (OLEDs) based on thermally activated delayed flu-
orescence (TADF) show increased efficiencies due to effective upconversion from
the non-emissive triplet states to the emissive singlet state via reverse intersystem
crossing (RISC). A promising approach in this field are donor:acceptor config-
urations, whereby an intermolecular exciton is formed at the interface of two
molecules, also called exciplex. A proven material combination is among oth-
ers 4,4,4”-Tris[(3-methylphenyl)phenylamino]triphenylamine (m-MTDATA),
as donor and Tris(2,4,6-trimethyl-3-(pyridin-3-yl)phenyl)borane (3TPYMB), as
acceptor. The characterisitc behaviour especially in transient measurements dif-
fers from what is commonly observed in state of the art intramolecular emitters.
In order to gain insight into the ongoing processes in exciplex based OLEDs, we
performed numerical fits on transient electroluminescence (trEL) measurements
at different temperatures. The kinetic model adapted for EL measurements on
TADF systems includes second order terms to consider the existing annihilation
processes such as triplet-triplet annihilation. Using this procedure, we can quan-
tify the impact of efficiency-enhancing and efficiency-reducing processes as well
as the time-dependent excited state populations.

CPP2.3 Mon940 CPPa
Two-dimensional electronic spectroscopy of phthalocyanine on rare gas
clusters — ¢ULRICH BANGERT, LUKAS BRUDER, MARCEL BINZ, FRIEDEMANN
LANDMESSER, ELENA LEISSLER, DANIEL UHL, and FRANK STIENKEMEIER —
Institute of Physics, University of Freiburg, Hermann-Herder-Str. 3, 79104
Freiburg, Germany
With the recent advances of two-dimensional electronic spectroscopy (2DES)
towards the gas phase, versatile samples like rare gas cluster beams become ac-
cessible [1]. Doping rare gas clusters with multiple molecules yields well de-
fined many body systems. These systems are comparable to highly dilute thin
film, however feature weak interaction with the substrate and are cooled down
to <10 K. In previous experiments, such systems provided valuable details about
singlet fission and super radiance in acene molecules [2,3]. We now apply for the
first time 2DES to this approach and study free-base phthalocyanine in different
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Location: CPPa

environments: embedded in superfluid helium nanodroplets, deposited on the
surface of neon clusters and as a thermal vapor. We find distinct differences in
the photodynamics of the molecular assemblies.

[1] L. Bruder et al., J. Phys. B: At. Mol. Opt. Phys. 52 183501 (2019).

[2] S. Izadnia et al., J. Phys. Chem. Lett. 8, 2068 (2017).

[3] M. Miiller et al., Phys. Rev. B 92 (12), 121408 (2015).

CPP24 Mon10:00 CPPa
Clarifying the orientation mechanism of homoleptic Iridium-carbene
complexes «MARKUS SCHMIDI, KRISTOFFER HARMSZ, THOMAS
MORGENSTERNI, ALEXANDER HOFMANNl, HANS-HERMANN ]OHANNESZ,
WOLFGANG KowaLsky?, and WOLFGANG BRUTTING' — !Institute of Physics,
University of Augsburg, 86135 Augsburg, Germany — “Institute for high fre-
quency technology, TU Braunschweig, 38106 Braunschweig, Germany
Horizontal orientation of the emitting species is one of the most promising
techniques to increase the efficiency of state of the art organic light emit-
ting diodes. Especially metal-organic compounds have attracted great atten-
tion. While the alignment has been observed and explained for many het-
eroleptic Iridium complexes, there has been less progress for their homoleptic
counterparts. Only few homoleptic compounds have been reported to show
a beneficial morphology in guest-host systems. In this study, we investigated
multiple derivatives and isomers of the sky-blue dye tris(N-dibenzofuranyl-N’-
methylimidazole)iridium(III) (Ir(dbfmi);) doped in the hosts Bis[2-(diphenyl-
phosphino)phenyl]ether oxide (DPEPO) and 3,6-bis(diphenylphosphoryl)-9-
phenylcarbazole (PO9). By a combination of optical techniques to probe the
transition dipole orientation and electrical measurements to access the perma-
nent dipole moment, we revealed that this homoleptic complex is significantly
aligned in both matrices. From our insights into the film morphology we pos-
tulate that an anisotropic interaction is responsible for the orientation and even
identified the region of the molecule that causes this behavior.

CPP 2.5 Mon10:20 CPPa
Understanding Ultrafast Proton Transfer in Molecular Crystals — «HYEIN
HWANG"?, VANDANA TIWART®, SIMON /F. BITTMANN', HONG-GUANG Duan’,
FRIEDJOF TELLKAMPI, AjAay IHA5 , and R. J. DWAYNE MiLLEr® — 'Max Planck
Institute for the Structure and Dynamics of Matter, Hamburg, Germany —
’Department of Chemistry, University of Hamburg, Germany — >European
XFEL, Hamburg, Germany — *Institut fir Theoretische Physik, Universitit
Hamburg, Hamburg, Germany — °RFI, Harwell Oxford, United Kingdom —
6Department of Chemistry, University of Toronto, Ontario, Canada
Ultrafast proton transfer reaction is a topic of great interest particularly due to
their association with the understanding of primary and elementary reaction
pathways in functional electrochemical and biological systems. Although this
reaction has been extensively investigated in solution for the role of interaction
between the solute and the solvent-bath, but the dynamics in single molecular
crystals remains elusive. Here, we study ultrafast intramolecular proton transfer
reaction in hydroxyanthraquinones in crystalline form, where molecular system
forms lattice. We use ultrafast transient absorption studies complemented with
quantum chemistry calculations to reveal the role of spatial arrangement of the
reactants within the lattice in reaction dynamics. Our work highlight the impor-
tance of intermolecular interactions guiding ultrafast dynamics in crystals.

20 min. meet the speakers - break
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Invited Talk CPP2.6 Mon 11:00 CPPa
Singlet fission in blends of organic semiconductors — ¢KATHARINA Broca!,
CLEMENS ZEISER', LucA MORETTI®, CHAD CRUZ®, GIuLIo CERULLO®, ROEL
TempELAAR?, and CHRISTOPHER BARDEEN® — !Institute for Applied Physics,
University of Tiibingen, Germany — *Department of Physics, Polytechnic Uni-
versity of Milan, Italy — *Department of Chemistry, University of California at
Riverside, USA — *Department of Chemistry, Northwestern University, USA
Singlet fission (SF), the photophysical process converting an singlet state into
two triplets, is a promising approach to boost solar cell efficiencies [1], and is,
due to a triplet-pair state intermediate, also interesting from the viewpoint of
fundamental research. SF rates are controlled by the interplay of intermolecular
interactions, energetics and electron-phonon coupling and a controlled modifi-
cation of these parameters is key to a fundamental understanding of this complex
process. Blends of organic semiconductors present an interesting alternative to
established methods of chemical functionalization [2,3] and their potential for
the study and control of SF pathways will be discussed using two examples of
acene blends [3,4].

[1] M. B. Smith, J. Michl, Annu. Rev. Phys. Chem. 64 (2013); [2] D. Lubert-
Perquel et al., Nat. Commun. 9 (2018); [3] K. Broch et al.,, Nat. Commun. 9
(2018); [4] C. Zeiser et al., Angew. Chem. Int. Ed. 59 (2020)

CPP2.7 Mon11:40 CPPa
Influence of alkyl chain variation on co-crystal formation and molecular
charge transfer — «NADINE RUSSEGGER, OLEG VLADIMIROV, ALEXANDER HIN-
DERHOFER, and FRANK SCHREIBER — Institut fiir Angewandte Physik, Univer-
sitdt Tibingen, Germany
A very important and fundamental process for organic semiconductors is the
charge transfer effect between electron donor and electron acceptor molecules
in the ground state and in the excited state.

In this work, the charge transfer effect of weakly interacting organic semi-
conductor mixtures is comprehensively investigated depending on the influ-
ence of alkyl chain variation with different acceptor molecules. We choose
dinaphtho(2,3-b:23’-f]thieno[3,2-b]thiophene (DNTT) and diindenoperylene
(DIP) as donor and several perylene-diimide derivatives with different alkyl
chain length in the imide position as acceptor molecules (PDIF-CN,, PDI-C3,
PDI-C5, and PDI-C8-CN,).

For a full structural overview of the resulting molecularly mixed co-crystals,
the bulk-heterojunction films were evaluated by surface X-ray scattering. The
optical and electronic properties of the intermolecular interactions were char-
acterized by optical absorption, photoluminescence as well as in-situ differential
reflectance spectroscopy. For the various equimolar mixed systems of DNTT
as well as DIP and different perylene-diimide derivatives charge transfer effects
were estimated '],

The results allow us to correlate the structural morphology and the charge
transfer effects depending on the chain length and their configuration of the dif-
ferent mixed systems.

[1] V. Belova et al., J. Am. Chem. Soc., 2017, 139, 8474-8486.

CPP 2.8 Mon 12:00 CPPa

Anistropic Charge Transfer Formation at Crystalline Pentacene/Perfluoropenta

Interfaces — eSEBASTIAN HAMMERI, CLEMENS ZEISERZ, KATHARINA BROCHZ,
and Jens PrLaum’® — Experimental Physics VI, Julius Maximilian University
of Wiirzburg, 97074 Wﬁrzbur§ — ZInstitute for Applied Physics, University of
Tiibingen, 72076 Tiibingen — “ZAE Bayern, 97074 Wiirzburg

Strongly bound charge transfer (CT) states critically influence the performance
of devices based on donor/acceptor (D/A) heterojunctions such as light emit-
ting diodes or photovolatic cells. Whereas the excited states in the archetypical
CT system Pentacene:Perfluoropentacene (P:PFP) have been vastly studied in
thin films [1][2], the role of molecular orientation on CT formation and ener-
getics has not been evaluated to the same extent, so far. Utilizing heteroepitaxial
growth of PFP on P (001) single crystals surfaces we were able to prepare long-
range ordered D/A heterojunctions in an edge-on molecular configuration as
confirmed by XRD. Optical analyses by temperature dependent cw-fluorescence
spectroscopy and in-situ differential reflectance spectroscopy on the PFP/P in-
terfaces revealed no indication for CT formation in case of edge-on molecular
orientation, in contrast to the face-to-face geometry. By means of bilayer as well
as heterojunction diode structures we demonstrate that by controlling the molec-
ular orientation at the PFP/P interface, thus, utilizing the anisotropic CT char-
acteristics, the overall performance can be significantly improved.

[1] K. Broch et al., Phys. Rev. B 83, 245307 (2011)
[2] T. Breuer, G. Witte, J. Chem. Phys. 21, 138 (2013)

CPP2.9 Mon12:20 CPPa
Ab initio modelling of local interfaces in doped organic semiconductors
— eANA MARIA VALENCIA, GUERRINI MICHELE, and CATERINA COCCHI —
Humboldt-Universitét zu Berlin
Despite the intensive efforts in the last decade, a clear and comprehensive under-
standing of the microscopic properties of doped organic semiconductors is still
missing. Due to the complexity of these systems, which notoriously exhibit high
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level of disorder, also the results from quantum-mechanical ab initio methods are
somehow constrained by the choice of the model structures. For a reliable pre-
diction of electronic and optical properties, it is essential to rationalize the role
of local interfaces between interacting donor and acceptor species. We address
this problem from hybrid density-functional theory and many-body perturba-
tion theory, investigating the structural, electronic, and optical properties of olig-
othiophenes doped by FATCNQ. We consider different structures from isolated
dimers and trimers, to periodic stacks and crystalline arrangements. Our results
show that, depending on the amount and the nature of the local donor/acceptor
interfaces, the choice of the simulated structure critically impacts the resulting
electronic structure and degree of charge transfer. On the other hand, the optical
spectra appear less sensitive to these characteristics, although a detailed inspec-
tion of the electron and hole densities discloses different excitation character de-
pending on the relative donor/acceptor concentration [1] as well as on the donor
length [2].

[1] Valencia, Guerrini, Cocchi, submitted (2019).

[2] Valencia & Cocchi, JPCC 123, 9617 (2019).

CPP2.10 Mon 12:40 CPPa
Impact of electron-phonon-interaction on transport in organic molecular
crystals: Naphthalene as a case study — «KONRAD MERKEL, MICHEL PANHANS,
SEBASTIAN HuTscH, and FRANK ORTMANN — Center for Advancing Electronics
Dresden, TU Dresden, 01062 Dresden
Understanding charge carrier transport in organic semiconductors is a key re-
quirement for developing advanced electronic and opto-electronic devices such
as OLEDs, OFETs and organic solar cells. However the general transport mech-
anism remains unclear. It is widely believed that electron-phonon-interaction
plays an important role, due to the large fluctuations in the electronic coupling
associated to the van-der-Waals-bonds between adjacent molecules. The inter-
action leads to a subtle interplay of scattering and phonon-assisted transport.
Within the Kubo formalism, we derive a simulation technique, where we model
the low-frequency phonon modes as local and non-local disorder in a tight-
binding scheme and where all material parameters are calculated from density
functional theory. We study the impact of such modes in naphthalene and com-
pare our results to studies from literature.

60 min. meet the speakers - break

Invited Talk CPP2.11 Mon 14:00 CPPa
Small, but highly effective: Functional molecules in polymer devices —
«ULRIKE KRAFT — Max Planck Institute for Polymer Research, Mainz, Germany
The incorporation of small functional molecules such as dopants, plasticisers or
molecular switches into polymer films can strongly affect their properties and
even induce additional functionalities. Here, two examples will be discussed in
which small functional molecules significantly influence the (electronic) prop-
erties of polymer devices:

Firstly, intrinsically stretchable interconnects and electrodes are printed from
conductive inks consisting of PEDOT:PSS and ionic additives. In this approach,
the ionic additives act as dopants and plasticisers and film properties can be

certeaned by orders of magnitude.

Secondly, the bias stress stability of polymer transistor is significantly im-
proved by the addition of specific functional molecules. While on-state bias
stress stability is widely studied, the off-state bias stress is mostly overlooked,
even though equally important. We close this gap, focus on the off-state bias
stress stability and show that threshold voltage shifts can be remarkably reduced.

CPP2.12 Mon 14:40 CPPa
Single step production of a self-organized, low work function cathode inter-
layer from polymer blend solution — «DOMINIQUE LunGwiTz', KEL1 FABI-
ANA SEIDELZ, ANDREAS OPITZI, THOMAS KRI"JGER3, JaN BEHRENDSS, SETH R.
Marper?, and Norsert Kocu!® — Institut fiir Physik and IRIS Adlershof,
Humboldt Universitit zu Berlin, Germany — *Physics Department, Universi-
dade Tecnolodgica Federal do Parand, Brasil — 3Berlin Joint EPR Lab and In-
stitut fiir Experimentalphysik, Freie Universitat Berlin, Germany — “School of
Chemistry and Biochemistry and Center for Organic Photonics and Electronics
(COPE), Georgia Institute of Technology Atlanta, USA — *Helmholtz-Zentrum
Berlin fiir Materialien und Energie GmbH, Germany
Using cathode interlayers for reducing the work function of electrodes in or-
ganic electronic devices is a widely studied method. Here, we report a simple
procedure to obtain a self-organized interlayer on ITO electrodes from a blend
solution of P(NDI2OD-T2) and PEI. Reduced contact resistance and increased
polymer conductivity are observed due to vertical phase separation. Fermi level
pinning of P(NDI20OD-T2) at PEI covered ITO electrodes leads to the lowest pos-
sible electron injection barrier. Furthermore, an increased charge carrier density
was measured. Finally, we relate the increase in polymer conductivity to a reduc-
tion of interfacial electron trapping and a morphology change. The results show
clearly the importance of differentiation between work function reduction upon
interfacial layers and conductivity increase upon changes of structural confor-
mation.
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CPP2.13 Mon 15:00 CPPa
Morphological investigations on fullerene-free bulk heterojunction blends
for photovoltaic applications — sSEBASTIAN GROTT!, LORENZ BIESSMANN!,
NITIN SAXENAI, WEI CAOl, SIGRID BERNSTORFFZ, and PETER MULLER-
BuscuBauM' — 'TU Miinchen, Physik-Department, LS funktionelle Materi-
alien, 85748 Garching — 2Elettra-Sincrotrone Trieste, 34149 Basovizza, Italy
In the last decades, the focus of research has been drawn towards the field of or-
ganic electronics due to their advantageous properties, such as versatility, flex-
ibility, low-cost manufacturing processes, as well as their tuneable characteris-
tics, such as solubility and absorption. These properties open up a wide range
of applications, especially, in the field of photovoltaics. Hence, organic photo-
voltaics represent a promising alternative for the conventional inorganic photo-
voltaics. Even though the power conversion efficiency is lower than the ones of
conventional devices, values of over 10% have been reported and thus receive
industrial attention for commercialization. We study the inner morphology of
a low band gap, fullerene-free bulk heterojunction blend, namely PBDB-T and
ITIC of different compositions with grazing-incidence small-angle X-ray scatter-
ing (GISAXS). The obtained structural information are correlated with current
density voltage characteristics and the absorbance of the active layer in order to
improve the efficiency.

CPP2.14 Mon 15:20 CPPa
Fast Processing of Charge Transport Layers in Organic Solar Cells —
eHARALD HOPPEI’Z, SHAHIDUL ALAMl’z, AMAN ANANDI’Z, AURELIEN SOKENG
D]OURMESSII’Z, JOSE PRINCE MADALAIMUTHUI’Z, PETER FISCHER4, and UL-
ricH S. ScauBert>? — !Center for Energy and Environmental Chemistry
Jena (CEEC Jena), Friedrich Schiller University, Jena, Germany — 2Laboratory
of Organic and Macromolecular Chemistry (IOMC), Friedrich Schiller Univer-
sity, Jena, Germany — 3]ena Center for Soft Matter (JCSM), Friedrich Schiller
University, Jena, Germany — *Faculty of Mechanical Engineering, Ilmenau Uni-
versity of Technology, Ilmenau, Germany
Charge transport layers (CTLs) are very important in organic solar cells to al-
low for an efficient and selective extraction of photogenerated charge carriers.
Upon their optimization important photovoltaic parameters such as fill factors

are being directly affected, for example since the series resistance and parallel
resistance are often improved in combination with each other, when the contact
becomes more selective. Unfortunately, CTLs often require an additional and
rather intensive annealing process, which will add to the energy investment to
such solar cells. In addition, such annealing processes may often either require
too high temperatures to be compatible with flexible substrates or may be too
time-consuming for fast web speeds. As one solution, we demonstrate the suc-
cessful application of flash sintering for the annealing of CTLs.

CPP2.15 Mon 15:40 CPPa
Polarized blue photoluminescence of mesoscopically ordered electrospun
non-conjugated polyacrylonitrile nanofibers — XiaojiaN L1ao!, FRANK-
JuLiAN KAHLEZ, BN Liv? ’4, HEeinz BASSLERZ, XINGHONG ZHANG3, SEEMA
AcarRwaL!, ANNA KOHLER?, and ANDREAS GREINER' — 'Macromolecular
Chemistry II, U Bayreuth, Germany — 2Softmatter Optoelectronics, U
Bayreuth, Germany — >MOE Key Laboratory of Macromolecular Synthesis and
Functionalization, Zhejiang University, P. R. China — *School of Energy and
Power Engineering, North University of China, China
We demonstrate the fabrication of electrospun fibers from the non-conjugated
polymer polyacrylonitrile (PAN) that can be aligned by a simple heat-stretching
process. Upon excitation at 340 nm ribbons made from the nanofibres show po-
larized deep blue luminescence with an anisotropy of 0.37 and a quantum yield
of about 0.31. Furthermore, they exhibit room temperature green phosphores-
cences with a lifetime of about 200 ms as well as a delayed deep blue fluorescence
resulting from triplet-triplet annihilation (non-coherent photon upconversion).
Wide and small angle X-ray scattering experiments show that the stretched elec-
trospun nanofibers are highly aligned with nearly perfect uniaxial orientation
within the fabricated ribbons. This results in mechanical robustness and flexibil-
ity, with a high specific tensile strength (534 + 28) MPa - cm’ /g and toughness
(79 £ 7) J/g. The combination of efficient polarized deep blue luminescence,
room temperature phosphorescence, TTA, mechanical robustness and flexibil-
ity of these fibers opens up new avenues for applications.

30 min. meet the speakers - break

CPP 3: Wetting - organized by Stefan Karpitschka (Max Planck Institute for Dynamics and
Self-Organization, Gottingen) (joint session CPP/DY)

Time: Monday 9:00-16:30

CPP3.1 Mon9:00 CPPb
Breakup Dynamics of Capillary Bridges on Hydrophobic Stripes — Maxi1-
MILIAN HARTMANNI, eMATHIS FRICKEZ, Lukas WEIMARI, Dirk GRUNDINGZ,
ToMiSLAV MARICZ, DIETER BOTHEZ, and SterFEN HarpT' — !Nano- and
Microfluidics Group, TU Darmstadt, Alarich-Weiss-Strafle 10, 64287 Darm-
stadt, Germany — “Mathematical Modeling and Analysis Group, TU Darmstadt,
Alarich-Weiss-Strafle 10, 64287 Darmstadt, Germany
The breakup dynamics of a capillary bridge on a hydrophobic stripe between two
hydrophilic stripes is studied both experimentally and numerically. The capil-
lary bridge is formed from an evaporating water droplet wetting three neigh-
boring stripes of a chemically patterned surface. The simulations are based on
the Volume-of-Fluid (VOF) method implemented in Free Surface 3D (FS3D).
By considering the breakup process in phase space, the breakup dynamics can
be evaluated without the uncertainty in determining the precise breakup time.
It is found that within an intermediate inviscid regime, the breakup dynamics
follows a 2/ -scaling, indicating that the breakup process is dominated by the
balance of inertial and capillary forces. For smaller bridge widths, the breakup
velocity reaches a plateau, which is due to viscous forces becoming more im-
portant. In the final stage of breakup, the capillary bridge forms a liquid thread
that breaks up consistent with the Rayleigh-Plateau instability. The existence of
satellite droplets in a regular pattern indicates that the primary breakup process
is followed by self-similar secondary breakups.

CPP3.2 Mon9:20 CPPb
Simulating the hydrodynamics of droplets on photo-switchable substrates —
¢JosuA GRAWITTER and HOLGER STARK — Technische Universitit Berlin, Insti-
tute of Theoretical Physics, Hardenbergstr. 36, 10623 Berlin, Germany
Interfaces between fluids and photo-switchable substrates provide a unique
mechanism to precisely manipulate liquid droplets by creating and adapting
a heterogeneous wettability landscape. Because droplets respond to changes
in wettability, such interfaces provide a means to keep the droplets in non-
equilibrium and thereby induce new states of dynamic wetting.

We present a boundary element method to determine the Stokes flow inside a
droplet with its curved free surface and its flat interface at the substrate, where
we apply the Navier boundary condition to permit motion of the contact line. In
our approach we use the Cox-Voinov law [1] and introduce the velocity of the
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contact-line as a side condition. We also implement an iterative domain-splitting
integration scheme capable of treating singular integrands, which are typical for
the boundary element method. Using the implemented method, we study how
droplets respond to specific spatiotemporal wettability patterns that either move
or deform the droplet. Here, we present first studies of the spatio-temporal de-
formation dynamics induced by oscillating wettability along the contact line and
of directed motion initiated by traveling wettability patterns. We specifically in-
vestigate how to design the patterns in order to maximize droplet speed.

[1] O. V. Voinov, Fluid Dyn. 11, 714 (1976).

CPP3.3 Mon9:40 CPPb
Dynamics of liquid droplets on switchable prestructured substrates —
«MORITZ STIENEKER' and SVETLANA GUREVICH"? — !Institute for Theoretical
Physics, University of Miinster, Wilhelm-Klemm-Str. 9, D-48149 Miinster, Ger-
many — 2Center for Nonlinear Science (CeNoS), University of Miinster, Cor-
rensstrasse 2, D-48149 Miinster, Germany
A mesoscopic continuum model is employed to model a thin, liquid film on
a substrate with a spatio-temporal wettability. In particular, the effect of a
switchable wettability pattern on the structure formation is analyzed for a one-
dimensional case with the help of path-continuation techniques and direct nu-
merical time simulations. It is found that if the periodic switching is introduced,
the system reaction depends on the ratio between the time scale given by switch-
ing and the reaction time of the liquid. The behaviour of the contact angle during
the slow and fast switching is investigated in details. Furthermore it is demon-
strated that in the case of the slow switching the droplet solutions corresponding
to the local minima of the free energy can be stabilized.

CPP3.4 Mon 10:00 CPPb
Gradient dynamics model for drops spreading on polymer brushes — «StmoN
HArTMANN and UWE THIELE — Institut fiir Theoretische Physik, Westfalische
Wilhelms-Universitit Miinster, Deutschland
When a liquid drop spreads on an adaptive substrate the latter changes its prop-
erties what may result in an intricate coupled dynamics of drop and substrate.
We present a generic mesoscale hydrodynamic model for such processes that is
written as a gradient dynamics on an underlying energy functional. We specify
the model details for the example of a drop spreading on a dry polymer brush.
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There, liquid absorption into the brush results in swelling of the brush causing
changes in the brush topography and wettability. The liquid may also advance
within the brush via diffusion (or wicking) resulting in coupled drop and brush
dynamics. The specific model accounts for coupled spreading, absorption and
wicking dynamics when the underlying energy functional incorporates capillar-
ity, wettability and brush energy. We employ a simple version of such a model
to numerically simulate a droplet spreading on a swelling brush and provide an
in-depth analysis of the simulation results and some interesting quantities.

40 min. meet the speakers - break

Invited Talk CPP3.5 Mon 11:00 CPPb
Liquid-liquid Dewetting: From Spinodal Breakup to Dewetting Morpholo-
gies and Rates — *RALF SEEMANN', ROGHAYEH SHIRI', STEFAN BOMMER!,
Dirk PESCHKAZ, SEBASTIAN ]ACHALSKIZ, LENOIE SCHMELLERZ, and BARBARA
WAGNER® — !Saarland University, Experimental Physics, D-66123 Saarbiicken
— Weierstrass Institute, Mohrenstr. 39, D-10117 Berlin

The dewetting of liquid polystyrene (PS) from liquid polymethyl-methacrylate
(PMMA) is studied. At dewetting temperatures, both polymers can be consid-
ered as Newtonian fluids with the same viscosity. Provided that the liquid PS
layer is below 10 nm, breakup occurs by spinodal dewetting. Due to the low in-
terfacial tension of the buried interface compared to the PS-air interface and the
large mobility, a very short spinodal wavelength develops with a larger amplitude
of the buried interface than that of the free PS-air interface. The spinodal patterns
of PMMA-PS and PS-air interface are anti-correlated and the observed wave-
length is within the range predicted from thin film models. For a later dewet-
ting stage, when dewetting rims in the range of the PMMA film thickness have
formed, characteristic profiles of both PMMA-PS and PS-air interface develop,
which depend on the PMMA/PS thickness ratio. The dewetting rates are approx-
imately linear but do not obey any well-defined scaling behavior. Based on the
agreement of experimental results with theoretical predictions, we use the nu-
merical simulations to predict local flow fields and energy dissipation that would
otherwise be inaccessible to experiments.

CPP3.6 Mon11:40 CPPb
Wetting transitions on soft substrates — MAREK NAPIORKOWSKII, «LOTHAR
ScHIMMELE?, and SIEGFRIED DieTrICH>® — 'Institute of Theoretical Physics,
Faculty of Physics, University of Warsaw, Poland — 2Max-Planck-Institut fiir In-
telligente Systeme, Stuttgart, Germany — °IV. Institut fiir Theoretische Physik,
Universitat Stuttgart, Stuttgart, Germany
Within mean-field theory we study wetting of elastic substrates. Our analysis is
based on a grand canonical free energy functional of the fluid number density
and of the substrate displacement field. The substrate is described in terms of
the linear theory of elasticity, parametrized by two Lamé coefficients. The fluid
contribution is of the van der Waals type. Two potentials characterize the inter-
particle interactions in the system, the long-ranged attraction between the fluid
particles and a potential characterizing the substrate-fluid interaction. By inte-
grating out the elastic degrees of freedom we obtain an effective theory for the
fluid number density alone. Its structure is similar to the one for wetting of an
inert substrate. However, the long-ranged attraction between the fluid particles
is replaced by an effective potential which also contains a term bilinear in the
substrate-fluid interaction.

We discuss the corresponding wetting transitions in terms of an effective in-
terface potential depending on the thickness of the wetting layer. We show that
in the case of algebraically decaying interactions the elasticity of the substrate
may suppress critical wetting transitions, and may even turn them first order.

CPP3.7 Mon 12:00 CPPb
A Thermodynamic Consistent, Instantaneous Dividing Surface to Study Wet-
ting Phenomena — +AMAL KANTA GIRI and MARCELLO SEGA — Helmholtz
Institute Erlangen-Niirnberg for Renewable Energy, Forschungszentrum Jiilich,
Firther Strafle 248, 90429 Niirnberg, Germany
A detailed knowledge of the microscopic structure and dynamics in the inter-
facial region of soft materials is a necessary step on the way to develop novel
materials and is also key to a deeper understanding of the statistical mechanics
of fluid interfaces out of equilibrium. The presence of thermal capillary waves,
however, hinders efforts to investigate the local structure of interfaces by smear-
ing out observable quantities computed in the global reference frame. To recover
a detailed picture of the interface neighborhood, one needs to compute observ-
ables in the local, instantaneous reference frame located at the interface, although
the determination of this frame is, in general, not unique.

Here, we report on the possibility of using computational geometry ap-
proaches to determine the set of instantaneous surface atoms in a way which
is thermodynamically consistent with the Gibbs (equimolar) dividing surface.
We apply these methods to the determination of the instantaneous, fluctuating
contact line of droplets on solid substrates, with an outlook on the problem of
dynamic wetting of soft, deformable substrates.
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CPP3.8 Mon 12:20 CPPb
Core-shell latex colloids as interfaces for tailoring wetting properties —
CALVIN J. BRETT1’2’3, JoakiM ENGSTR6M3’4, VOLKER KORSTGENS® , PETER
MULLER—BUSCHBAUM5’6, Eva MALMSTR6M4, and +STEPHAN V. RoTu™ —
'DESY, 22603 Hamburg, Germany — “KTH, Dept. Mechanics, SE-10044 Stock-
holm, Sweden — >WWSC, SE-10044 Stockholm, Sweden — *KTH, Dept. Fibre
and Polymer Technology, SE-10044 Stockholm, Sweden — >TUM, Physik De-
partment, 85748 Garching, Germany — ®MLZ, TUM, 85748 Garching, Germany
Facile surface functionalisation of latex colloids makes them most promising ma-
terials for broad thin film applications. However, the effect of these colloids on
chemical film and wetting properties is not easily evaluated. Core-shell particles
can deform and coalesce on the nanoscale during thermal annealing yielding tai-
lored physical properties. We investigated two different core-shell systems (soft
and rigid) with identical shell but with chemically different core polymer and
core size. These core-shell colloids are probed during thermal annealing on sur-
faces in order to investigate their behavior as a function of nanostructure size and
rigidity. X-ray scattering allows us to follow the re-arrangement of the colloids
and the structural evolution in situ during annealing. Evaluation by real-space
imaging techniques reveals a disappearance of the structural integrity and a loss
of colloids’ boundaries. We present the possibility to tailor and fine-tune the wet-
tability by tuning the core-shell colloid morphology in thin films, thus providing
a facile template methodology for repellent surfaces.

CPP3.9 Mon12:40 CPPb
Drop Impact on Hot Plates: Contact, Lift-Off and the Formation of Holes
— oKIRSTEN HARTHI’Z, SANG.HYEON LEE3, MAAIKE RUMPZ, MINwOO KIM3,
DeTLEF Louse®, KaMEeL Fezzaa®, and Jung Ho J&* — 'Institute of Physics,
Otto von Guericke University Magdeburg — “Physics of Fluid and Max Planck
Center, University of Twente, The Netherlands — 3X-Ray Imaging Center, Po-
hang University of Science and Technology, Korea — *X-Ray Science Division,
Argonne Ntnl. Laboratory, USA
Everyone who poured water into a hot pan has experienced the manifold boiling
behaviours of drops impacting on a hot plate, a problem which is of high rele-
vance in many technical applications. When the drop is gently deposited, and the
surface temperature is sufficiently high, it hovers on a vapour layer (Leidenfrost
effect). For impacting drops, this critical temperature for a contact-less rebound
is substantially increased, and much harder to determine. In fact, determining
contact times between drops and smooth substrates from side view imaging is
impossible for most temperatures above the boiling point.

We combine High-Speed Total Internal Reflection and synchrotron X-Ray
measurements to reliably determine contact times and the Leidenfrost temper-
ature for drops impacting on smooth hot surfaces. Furthermore, we study the
lift-off characteristics. A local minimum in lift-off times correlates with sponta-
neous lamella rupture and the morphology of the contact.

60 min. meet the speakers - break

Invited Talk CPP3.10 Mon 14:00 CPPb
Sinking droplet durotaxis and engulfment — «ANNE JUEL — Department of
Physics & Astronomy, University of Manchester, Oxford Road, Manchester M13
9PL, UK

Durotaxis refers to the spontaneous motion of objects along stiffness gradients
of the supporting substrate. In droplet durotaxis migration occurs down rigidity
gradients towards the softer regions of the substrate due to elasto-capillary inter-
action. We perform experiments in the limit of very soft PDMS substrates, where
the cross-linked matrix of the gel can yield under the capillary stresses exerted by
the sessile droplet. We find that the droplet moves towards the softest i.e. deepest
parts of the gel layer while also sinking into the gel and that droplet durotaxis
is much faster when engulfment is associated with the motion. For comparison,
we focus on engulfment of aqueous droplets deposited onto a substrate layer of
silicone oil. On substrates with a depth gradient, we observe qualitatively similar
behaviour to the sinking durotaxis case. On deep layers, the droplet is ultimately
engulfed in the oil layer. This involves rapid submersion of the droplet driven
by capillary forces in the oil surface, followed by the much slower peeling of the
droplet from the interface to which it is adhered. The later peeling stage is driven
by a combination of geometric constraints at the apparent contact line and grav-
ity pulling on the droplet. Gravitational effects are therefore essential to complete
engulfment, even for micrometric droplets. Furthermore, the opposing effects
of geometry and gravity result in the longest engulfment times for droplets of
intermediate size.

CPP3.11 Mon 14:40 CPPb
Droplets fighting contamination — «ABHINAV NAGA, WILLIAM WONG, ANKE
KALTBEITZEL, MARIA D’ACUNZI, HANS-JURGEN BUTT, and DORIS VOLLMER —
Max Planck Institute for Polymer Research, Mainz, Germany
Lubricated surfaces are prone to accumulating contaminants due to their sticky
yet slippery nature. The presence of contaminants, such as dust and dirt particles,
alters their performance. An understanding of the effect of contaminated par-
ticles on the friction of surfaces is important not only from a fundamental per-
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spective whereby further insight can be gained of the underlying mechanisms, CPP3.13 Mon 15:20 CPPb
but also from an applied perspective to predict the effectiveness of lubricated Imbibition-Induced Deformation Dynamics in Nanoporous Media — «JuAN
surfaces in the presence of contaminants. SancHz!, ZHUOQING L1%°, MicHAEL FroeBA®, and Parrick Huser? —
In this study, we systematically contaminate lubricated silicone surfaces (Syl- nstitute of Materials Physics, Hamburg University of Technology — 2Institute
gard 184) and non-lubricated surfaces with spherical glass microparticles. We of Materials Physics, Hamburg University of Technology — >Institute of Anor-
place a droplet on each surface and measure the force needed to push the droplet ganic and Applied Chemistry, Hamburg University — Institute of Materials
at different speeds towards an individual microparticle. We visualise this process Physics, Hamburg University of Technology
with laser scanning confocal microscopy, focusing on the deformation inflicted We present time-dependent macroscopic dilatometry experiments on the de-
by the microparticle on the droplet and its lubricant ridge. We combine these formation of nanoporous monoliths (carbon and silica) upon spontaneous,
visualisations with our force measurements to suggest a mechanism for the re- capillarity-driven invasion of water. We find two distinct dynamical regimes.
moval of contaminated particles from surfaces using droplets, and we outline One of them can be quantitatively traced to deformations originating in changes
the differences between the outcomes on the lubricated and the non-lubricated in the surface stress at the inner pore walls (dynamic Bangham’s regime) upon
surfaces. This work will help to understand droplet dynamics on imperfect or water invasion, whereas the second one results from Laplace pressure effects.
dirty lubricated surfaces. Our study demonstrates that it is possible to dynamically monitor imbibition

CPP3.12 Mon 15:00 CPPb dynamics by simple dilatometry measurements.

Lucas-Washburn equation applies for four phase contact point — «PEYMAN CPP3.14 Mon 15:40 CPPb
Rostami" and GUNTER AUERNHAMMER"? — 'Max Planck Institute for Poly- Macroscopic Capillary Number for Characterization of Two-phase Flow in
mer Research, 55128, Mainz, Germany — *Leibniz Institute of Polymer Re- Porous Media — «Hu Guo and RubpoLr HILEER — Institute for Computational
search, 01069, Dresden, Germany Physics, Universitit Stuttgart, Stuttgart, Germany

A four-phase contact point, e.g., in merging of immiscible drops, is the point The Capillary number (Ca) defined as the ratio of viscous force to capillary force
where the liquid-liquid interface advances along the contactline of one drop. The is widely used to qualitatively characterize multiphase flow in porous media as
dynamics of drop merging involve various driving and dissipating forces in the in carbon dioxide geologic sequestration and chemical enhanced oil recovery
dynamics of the four-phase contact point. The viscous friction, i.e. the flow field, (EOR). The main difficulty is to characterize forces porperly. There exists 22 def-
within liquids is influenced by the different boundary conditions on the differ- initions for Ca (Guo et al, IOR 2020). The most concise definition is Ca = 2
ent interfaces (liquid-gas, liquid-liquid, liquid-solid). Additionally, Marangoni with velocity v, viscosity 4 and interfacial tension ¢ (Saffman and Taylor, 1958(3.
stresses between the two liquids and the spreading coefficients along the contact It is supported by core flooding tests and most widely used. However, this defi-
lines play a role. Effectively, these effects lead to a capillary force acting on the nition is less sound than the one that involves the wettability parameter (Moore
four-phase contact point. In total, the situation resembles the capillary flow in and Slobod, 1955). Meanwhile, the values of these Ca are regarded as too small to
open V-shaped groove. The important difference is that, in the classical prob- reflect the actual force balance (Dullien, 1979). It was shown theoretically, that
lem, the grooves are made out of two solid walls, but in the present case one this Ca is microscopic in nature and incorrectly used (Hilfer and @ren, 1996,
of the *walls* is liquid, i.e., flowable and deformable. We investigate a range of Trans. Porous Media).

liquids with different combination of physical properties (viscosity ratio, surface We study the new macroscopic capillary number Ca = “If;)’L with viscosity
and int?rfa:cial tensions). The results show a good qualiFative agreement for c}if— u, porosity ¢, velocity v, permeability K, length L and capillarby breakthrough
ferent liquids of the.: expenmental. results with the classical Washburn equation pressure P, (Hilfer et al, 2015, Physical Review E). The new Ca explains some
(h~square root of time), where h is the filled length of the *groove*. of the latest observations (Doorwar and Mohanty, 2017, SPE J; Qi et al, 2017,

SPE J; Rabbani et al, 2018, PNAS; Zhao et al, 2019, PNAS) that contradict pre-
dictions obtained from the microscopic Ca. EOR field practice also verified that
the macroscopic Ca is more profound.

30 min. meet the speakers - break

CPP 4: Active Biological Matter | (joint session BP/DY/CPP)
Time: Monday 9:00-11:00 Location: BPb

See BP 2 for details of this session.

CPP 5: Active Biological Matter Il (joint session BP/CPP/DY)
Time: Monday 11:00-13:30 Location: BPb

See BP 5 for details of this session.

CPP 6: Poster Session | - Molecular Electronics and Wetting

Time: Monday 16:30-18:30 Location: CPPp
CPP6.1 Mon 16:30 CPPp CPP 6.2 Mon 16:30 CPPp
Azobenzene molecular switches: Testing the charge transport in a self- Ordered donor-acceptor complex formation and electron transfer in co-
assembled monolayer under light stimulus — ¢VLADYSLAV SAVCHENKO and deposited films of structurally dissimilar molecules — «ANDREAS Op1TZ!,
OLga Guskova — Leibniz Institute of Polymer Research Dresden (IPF Dres- C. PETER', B. WEGNER"?, H.S.S.R. MATTE', A. RoTTGER!, T. FLORIAN', X.
den), Hohe Str. 6, Dresden XUl, P. BEYERI, L. GRUBERTI, S. HECHTI, V. BELOVA3, A. HINDERHOFERS, E
The azobenzene-based molecules organized in chemisorbed self-assembled ScHREIBER?, C. KaPSER®, J. PFLAUM®, Y. ZHANG’, S. BARLOW’, $.R. MARDER®,
monolayers (SAMs) on the surfaces of electrodes work as photoswitches of and N. Kocu"? — "Humboldt-Universitit zu Berlin — “Helmholtz-Zentrum
the conductance, the electrode work function, and the magnetization/magnetic Berlin fiir Materialien und Energie — 3Universitit Tiibingen — 4Universitit
transitions. The aim of this computational study is to predict how the configu- Wiirzburg — > Georgia Institute of Technology Atlanta (USA)
rational rearrangements of the building blocks in a molecular switch consisting Electrical and optoelectronic properties of organic semiconductor thin films can
of azobenzene moiety and bithiophene spacer linked to a short alkanethiol affect be tailored by co-deposition of molecular materials. At the moment it is diffi-
the structural, electronic, and transport properties in SAMs. cult to predict a priori the resulting morphology (like phase separation or mixed
The financial support of the Deutsche Forschungsgemeinschaft, project crystals) for a selected material combination. Here, we study electron transfer
GU1510 5-1 ”Optically reconfigurable nanoscale junctions for organic between planar, rod-like electron donor molecules (DIP, PEN, DBTTF) and a
electronics” is highly appreciated. non-planar electron acceptor molecule [Mo(tfd);] in co-evaporated films by an-
alyzing morphological, vibrational and optical properties. [1]
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The resulting morphology of the co-deposited films (phase separation or
mixed crystals) can be rationalized within the laws of thermodynamics. There-
fore, it is necessary to consider structural incompatibility of the molecules in
terms of interaction energies between the molecules as well as the Coulomb at-
traction between molecular ions after the formation via ground-state electron
transfer.

[1] A. Opitz et al., J. Phys. Chem. C 124 (2020) 11023-11031.

CPP 6.3 Mon 16:30 CPPp
Solid-state effects in the electronic and optical properties of donor-acceptor
co-crystals — ¢MICHELE GUERRINIl’z, ANA M. VALENCIAl’Z, and CATERINA
Coccur? — !Carl von Ossietzky Universitit Oldenburg, Institute of Physics,
26129 Oldenburg, Germany — “Humboldt-Universitit zu Berlin, Physics De-
partment and IRIS Adlershof, 12489 Berlin,Germany
In the framework of density functional theory and many-body perturbation the-
ory, we investigate the role of solid-state effects (SSEs) in the electronic and op-
tical properties of a donor-acceptor (DA) co-crystal composed of quarterthio-
phene donor molecules p-doped by (fluorinated)-tetracyanoquinodimethane.
We find that the hybridization of the frontier electronic states is hindered along
specific directions in the crystal cell, in favor of segregated states. We rationalize
this behavior in terms of wave-function delocalization in the co-crystals com-
peting and prevailing over the local interactions at the DA interfaces[1,2].

The anisotropic optical absorption spectra of the co-crystals are highly
anisotropic and are dominated by a bright charge-transfer exciton at lowest-
energy polarized along the direction of the DA stacks.

Our result contribute to rationalize the fundamental mechanisms ruling the
formation of charge-transfer excitons in DA co-crystals.

[1] A M Valencia and C Cocchi, JPCC 2019, 123, 9617

[2] A M Valencia; M Guerrini and C Cocchi, PCCP 2020, 22, 3527

CPP 6.4 Mon 16:30 CPPp
Uncovering the enhancement mechanisms of thermoelectric performance
of PEDOT: PSS films after physical-chemical dedoping — Suo Tu, TING
TiAN, ANNA-LENA OECHSLE, and ePETER MULLER-BUuscHBAUM — Physik-
Department, Lehrstuhl fiir Funktionelle Materialien, Physik Department, Tech-
nische Universitat Miinchen, James-Franck-Str. 1, 85748 Garching, Germany
PEDOT: PSS is the most studied conducting polymer system due to their intrin-
sically high electrical conductivity, low thermal conductivity, and high mechani-
cal flexibility in thermoelectric (TE) devices. The energy conversion efficiency of
a TE material is evaluated by a dimensionless figure of merit ZT and defined as
ZT = S20T/k where S is the Seebeck coefficient, o is the electrical conductivity,
T is the absolute temperature, k is the thermal conductivity, and S2¢ is defined
as the power factor (PF). Nevertheless, it is generally acknowledged that it is
difficult to achieve a high ZT value of TE materials, due to the fact that the pa-
rameters S, 0, and k are interdependence as a function of carrier concentration
and hard to be optimized simultaneously. In this work, we adopt a combina-
tion of DMSO addition and subsequent DMSO/salt mixture post-treatment to
engineer TE performance of PEDOT: PSS thin films. Results show that the as-
obtained PEDOT: PSS film presents a maximum PF of 105.2 *W (m-1K-2), which
is ~1750-fold leap larger than that of pristine film. The origin and mechanism
of the underlying improvement is systematically investigated by various charac-
terizations to gain a more profound understanding of the fundamental nature of
modified PEDOT: PSS films.

CPP 6.5 Mon 16:30 CPPp
Dependence of Electron and Ion Transport on the Intermolecular Coupling
in Fluorinated Phthalocyanine Thin Films as Electrochromic Materials —
THI HATI QUYEN NGUYENI, MARIUS PELMUSZ, MICHAEL SCHAFERI, SERGIU M.
Gorun’ und DERCK SCHLETTWEIN! — 1Iustus Liebig University Giessen, Insti-
tute of Applied Physics — *Seton Hall University, Department of Chemistry and
Biochemistry
Phthalocyanines as organic ionic and electronic conductors are of great inte-
rest for the application in electrochromic devices. An influence of the degree of
fluorination in copper phthalocyanines on the intermolecular coupling in the
solid state and, thus, on the rate of electron and ion transport was observed: For
F,¢PcCu the transport of electrons was faster than the diffusion of ions as oppo-
sed to Fgy PcCu. In this work, thin films of a new type of fluorinated phthalocya-
nine (FyyPcCu) were prepared by physical vapor deposition. The dependence of
the intermolecular coupling on the film thickness was analyzed by in situ UV/Vis
spectroscopy. The electrochromic characteristics were studied by electrochemi-
cal and spectroelectrochemical measurements with an aqueous solution of KCI
as electrolyte. The films provided a well-balanced, equally fast transport of elec-
trons and ions. The optical absorption spectra revealed reversible changes of the
films upon reduction with intercalation of the K* counterions and re-oxidation
with extraction of the counterions. Fast and stable electrochromic switching of
the films was achieved over at least 200 cycles. For a 1:1 mixed film of FjsPcCu
and Fgy PcCu a similar situation could be achieved.
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CPP 6.6 Mon 16:30 CPPp
In Situ and In Operando KPFM Studies on Hexadecafluoro-Copper-
Phthalocyanine (F;PcCu) in OFET to Access Electrical Contact Resistance
and Energy Level Alignment — ePASCAL SCHWEITZER, CLEMENS GEIs, and
DERCK SCHLETTWEIN — Justus-Liebig-Universitat Gieflen, Institut fiir Ange-
wandte Physik, Heinrich-Buff-Ring 16, D-35392 Gieflen, GERMANY
Contact resistances are considered the major limiter of performance of or-
ganic field effect transistors (OFET). Perfluorinated copper-phthalocyanine
(Fy6PcCuy) is a promising material as n-conductor to build complementary log-
ical circuits. It is characterized by chemical stability under ambient conditions
and a reasonably high charge carrier mobility. In this work, we used in operando
Kelvin probe force microscopy under high vacuum to study the influence of con-
tact resistances at the source and drain contacts on the OFET performance. Po-
tentiometry at different applied external voltages revealed voltage drops at the
interfaces to the source and drain metal contacts which allow for calculation of
contact resistances. Thereby, the field-effect charge carrier mobility of F;sPcCu
was corrected for contact effects. Significantly higher values were obtained. In
situ KPFM during film growth on polycrystalline gold visualizes film formation
and corresponding shifts of energy levels confirming the existence of an injection
barrier. We conclude, that tuning the energy level alignment and the interface
effects to reduce contact resistances will lead to considerably improved perfor-
mance of FjgPcCu in OFET.

CPP6.7 Mon 16:30 CPPp
Coupled organic-inorganic nanostructures (COINs) with mixed organic
linker molecules — sFLORIAN Grassr', Arabpin Urrricu!, Ammep E.
MANSOUR3’4, SHAIMAA ABDALBAQII, NORBERT KOCH3’4, ANDREAS OPITZ3,
MARcCUS SCHEELEZ, and WoOLFGANG BrUTTING! — !Institute of Physics, Uni-
versity of Augsburg, Germany — *Institute for Physical and Theoretical Chem-
istry, University of Tiibingen, Germany — > Institut fiir Physik & IRIS Adlershof,
Humboldt-Universitit zu Berlin, Germany — *Helmholtz-Zentrum Berlin fiir
Materialien und Energie GmbH, Germany
COINs are composed of semiconducting inorganic nanoparticles and organic
semiconductor molecules as ligands, which are covalently coupled to the surface
of the nanoparticles [1]. A well-known organic ligand is 1,2-ethanedithiol (EDT)
[2]; but it has the drawback of being very short as compared to the native oleic
acid ligands. In this work we study the ligand Zinc f3-tetraaminophthalocyanine
(Zn4APc) [3], which has a desirable length comparable to oleic acid, but a low
ligand exchange behaviour. To overcome this problem, a mixture of EDT and
Zn4APc has been used. The binding of the ligands are compared by morpholog-
ical, electronic, optical and electrical properties.
[1] M. Scheele, Bunsen Magazin, 2014, 4, 168
[2] J. Luther et al., Nano Lett., 2008, 8, 3488
[3]]. Lauth et al., Angew. Chem. Int. Ed., 2017, 56, 14061

CPP 6.8 Mon 16:30 CPPp
Impact of thermal treatment and humidity exposure on surface concentra-
tion and work function of PEDOT:PSS thin films — ¢sAMAN ANANDI’Z, Jose
PRINCE MADALAIMUTHU1’2'3, MAXIMILIAN SCHAAL4, FELIX OTT04, MARCO
GRUENEWALD4, SHAHIDUL ALAMI’Z, TORSTEN FRITZ4, ULRICH S. SCHUBERTl’Z,
and HaraLp Hoppe"? — 'Laboratory of Organic and Macromolecular Chem-
istry (IOMC), Friedrich Schiller University Jena, Humboldtstrafle 10, 07743
Jena, Germany — *Center for Energy and Environmental Chemistry Jena (CEEC
Jena), Friedrich Schiller University Jena, Philosophenweg 7a, 07743 Jena, Ger-
many — > Abbe School of Photonics, Friedrich Schiller University Jena, Albert-
Einstein-Strale 6, 07745 Jena, Germany — “Institute of Solid State Physics,
Friedrich Schiller University Jena, Helmholtzweg 5, 07743 Jena, Germany
Poly (3,4-ethylenedioxythiophene):poly(styrene sulfonate) (PEDOT:PSS) is the
most common and successful commercial conductive polyelectrolyte in the field
of optoelectronics. In the present work, we have investigated the impact of the
thermal treatments and relative humidity during film casting or storage on the
work function of PEDOT:PSS films made from various commercial formula-
tions. We find clear trends between the processing conditions and absolute work
function which could be associated with the metal ions on the surface of the
films. As a conclusion, we can suggest suitable processing parameters for a wide
range of formulations and targeted electronic properties

CPP 6.9 Mon 16:30 CPPp
Compatible solution-processed interface materials for improving efficiency
and prolonging the lifetime of organic solar cells — «ZHUO Xu'"2, Jose PRINCE
MADALAIMUTHUI’Z’S, JOSEF BERND SLOWIKI’Z, Rico MEITZNERI’Z, SHAHIDUL
Aram™?, UrricH S ScauBerT>?, and HaraLp Hoppe'? — 1Laboratory of
Organic and Macromolecular Chemistry (IOMC), Friedrich Schiller Univer-
sity Jena, Humboldtstrafle 10, 07743 Jena, Germany. — “Center for Energy
and Environmental Chemistry Jena (CEEC Jena), Friedrich Schiller University
Jena, Philosophenweg 7a, 07743 Jena, Germany. — > Abbe School of Photonics,
Friedrich Schiller University Jena, Albert-Einstein-Strafle 6, 07745 Jena, Ger-
many
The electron transport layer (ETL) in an organic solar cell is one of the main
components that play a crucial role in the separation of charges, improving effi-
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ciency, and increasing the lifetime of the solar cells. Herein, solution-processed
PBDTTT-CT: PC70BM based organic solar cells were fabricated using PDINO,
Titanium Oxide (TiOx), and the mixture of PDINO and TiOx as an ETL. A
power conversion efficiency (PCE) of 7.9% was achieved when a mixture of
PDINO and TiOx was used as an ETL, which is one of the highest reported effi-
ciency for halogen-free solvent processed PBDTTT-CT:PC70BM based polymer
solar cells (PSCs). Furthermore, lower recombination, higher exciton dissocia-
tion probability, and longer lifetime were observed from the same device that
indicates the selectivity of ETL can effectively improve the performance and sta-
bility of the solar cells.

CPP6.10 Mon 16:30 CPPp
Observing Singlet Fission in Time-Energy-Momentum Space — s ALEXANDER
NEEFI, SEBASTIAN HAMMERZ, SAMUEL BEAULIEUI, SHUO DONGI, Tom-
MASO PINCELLII, JuLiaN MAKLARI, MARTIN WOLFI, LAURENZ RETTIG‘, JENS
PrLauM?, and RaLPH ERNSTORFER! — ! Fritz Haber Institute of the Max Planck
Society, Faradayweg 4-6, 14195 Berlin, Germany — 2Experimental Physics VI,
Julius- Maximilian University Wuerzburg, 97074 Wuerzburg, Germany
Under suitable conditions, the optically excited singlet exciton in organic crystals
can split into two triplet excitons, a process known as singlet fission (SF) [Michl,
2010]. Though extensively studied, the proposed mechanisms for SF [Berkel-
bach, 2013] have not yet been unambiguously verified experimentally.

By means of XUV time- and angle-resolved photoemission spectroscopy
(trARPES) performed on crystals of the archetypical SF compounds pentacene
and tetracene, we are - for the first time - able to directly observe the transient be-
havior of the excited singlet and triplet states (S; and T;) in momentum space.
This allows us to compare the S; and T, energies with respect to the dispers-
ing valence band within one measurement, implying that the T, energy is sig-
nificantly smaller than previous estimates. Exploiting the multi-dimensionality
of trARPES, we can furthermore decompose the excited states in pentacene by
their unique signature in momentum space, thereby suggesting a strong mixing
of charge-transfer (CT) states into §; and hence a CT-mediated superexchange
mechanism of SE

CPP6.11 Mon 16:30 CPPp
Influence of solvent composition on optical and morphological properties of
PTQI10:BTP-4F bulk heterojunctions — *LUKAS SPANIER, XINYU JIANG, and
PETER MULLER-BuscHBAUM — TU Miinchen, Physik-Department, Lehrstuhl
fiir Funktionelle Materialien, Garching, Germany
Organic solar cells have recently gained increasing attention due to their rapidly
increasing efficiencies as well as the relatively easy scalability in their produc-
tion. However, their manufacture relies heavily on the use of halogenated sol-
vents, as organic solar cells made with environmentally friendly solvents often
suffer from major performance degradation. We investigate and compare the
changes in morphology and the electro-optical behaviour of PTQ10:BTP-4F thin
films processed from various solvents, utilising grazing-incidence X-ray scatter-
ing methods. We show the impact of solvent composition on the formation of
polymer:non-fullerene acceptor bulk heterojunction films, affecting the result-
ing change in the performance of the organic solar cells.

CPP6.12 Mon 16:30 CPPp
Qualification of Thieno-Quinoxaline Based Polymers for Application in Non-
Fullerene Organic Solar Cells — «Mp MoipuL IsLaM™?, SHAHIDUL ALaM'?,
Rico MEITZNERI’Z, CHRISTOS L. CHOCHOS3’4, ULRricH S. SCHUBERTI’Z, and
HaraLp Hoppe"? — Laboratory of Organic and Macromolecular Chemistry
(IOMC), Friedrich Schiller University Jena, Humboldstrasse 10, 07743 Jena,
Germany — Center for Energy and Environmental Chemistry Jena (CEEC
Jena), Friedrich Schiller University Jena, Philosophenweg 7a, 07743 Jena, Ger-
many — *Institute of Chemical Biology, National Hellenic Research Foundation,
48 Vassileos Constantinou Avenue, Athens 11635, Greece. — * Advent Technolo-
gies SA, Patras Science Park, Stadiou Street, Platani-Rio, 26504, Patra, Greece
Next-generation organic solar cells should not only be improved in performance
but also should be environment-friendly throughout the production process.
The processing of polymer-based solar cells with green solvents are highly de-
sirable to make environmental friendly solar cells. In this study, we present bulk
heterojunction polymer solar cells based on the thieno-quinoxaline based poly-
mers blended with non-fullerene acceptor (NFA) in the non-halogenated sol-
vent. Solar cells were prepared in conventional and inverted architecture, in or-
der to investigate the material properties various spectroscopic measurements
were performed in the pristine and blend films, as well as in the solutions. Fi-
nally, photovoltaic performances were investigated by different opto-electrical
characterizations.

CPP6.13 Mon 16:30 CPPp
Simulation of light-induced exciton diffusion and quenching on SWCNTs —
«MANUEL ROMMELI, RALPH KRUPKEI’Z, and WoLFGANG WENZEL' — !Institute
of Nanotechnology, Karlsruhe Institute of Technology, 76021 Karlsruhe —
2Institute of Materials Science, Technische Universitit Darmstadt, 64287 Darm-
stadt
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The diffusion of excitons and charge carriers and the exciton loss processes like
decay and quenching play an important role for the current characteristics in
systems with light-induced charge carriers. A power-dependent photocurrent
measurement on polymer-wrapped semiconducting single walled carbon nan-
otubes (SWCNT) has revealed a sublinear scaling of the electric current with
laser power.

Here, we present a modified Monte-Carlo-based simulation with a fixed
timestep and a pulsed laser. It models the stochastical generation, diffusion, col-
lision and quenching of excitons, electrons and holes in 1D. Our results show
that there are two regimes depending on laser power. At low laser power, cur-
rent scales linearly with laser power. For high laser power (which coincides with
the onset of exciton-exciton-quenching), the exponent of the power dependence
becomes 0.63, which is very close to the experimental value of 0.59 + 0.08. Fur-
thermore, we can show that even a perfectly symmetric 1D system, where both
electrodes favor the same charge carrier, exhibits a photocurrent if the illumina-
tion is asymmetric. We also show that power law characteristics depend on the
SWCNT length.

This gives an insight into diffusion in SWCNTs and highlights the importance
of exciton-exciton-quenching in SWCNT devices.

CPP 6.14 Mon 16:30 CPPp
In-situ sputter deposition of electrodes for non-fullerene organic pho-
tovoltaics application — XINYU ]IANGI, SIMON J. SCHAPERI, MATTHIAS
SCHWARTZKOPFZ, STEPHAN V. ROTH2’3, JonNas DREWES4, OLEKSANDR
PoLonskYr?, and PETER MULLER-BuscHBAUM"® — !Technische Universitit
Miinchen, Physik-Department, Lehrstuhl fiir Funktionelle Materialien, James-
Franck-Str. 1, Garching, Germany — “DESY, Notkestr. 85, 22607 Hamburg,
Germany — *KTH, Department of Fibre and Polymer Technology, SE-100 44
Stockholm, Sweden — *Christian Albrechts-Universitiit zu Kiel, Materialver-
bunde Lehrstuhl, Materialwissenschaft Institut, Kaiserstr. 2, D-24143 Kiel,
Germany — SHeinz Maier-Leibnitz Zentrum (MLZ), Technische Universitit
Miinchen, Lichtenbergstr. 1, 85748 Garching, Germany
Electrode quality of photovoltaic devices plays a very important role in device
performance. The metal growth process directly influences the material density,
electrical conductivity and interface contact of the electrode. For understand-
ing the mechanism of aluminium cluster growth on non-fullerene organic solar
cells, we use in-situ grazing-incidence small-angle X-ray scattering (GISAXS)
to observe detailed information during the sputtering process. We find that the
early stages of Al cluster growth on the non-fullerene active layers determine
the later stages and strongly influence the percolation threshold. Furthermore,
the cluster growth varies for active layers with an additional electron blocking
layer. These findings are of great importance for improving the performance of
the photovoltaic devices.

CPP 6.15 Mon 16:30 CPPp
Sputter Deposition of Silver on Nanostructured PMMA-b-P3HT Copoly-
mer Thin Films — «MaRC GENSCH"?, MATTHIAS SCHWARTZKOPF', CALVIN
BRETT1'3, SIMON SCHAPERZ, Lucas KREUZERZ, NiaN L12, WEI1 CHENZ, SUZHE
LIANG?, JoNas DrewEes?, OLEKSANDR PoLONskyYI?, THOMAS STRUNSKUs?,
FrANZ FAUPEL4, PETER MULLER—BUSCHBAUMZ'S, and STEPHAN Rotu® —
'DESY, Hamburg, Germany — 2TUM, Miinchen, Germany — *KTH, Stock-
holm, Sweden — “CAU, Kiel, Germany — SMLZ, Miinchen, Germany
Nanostructured polymer-metal-composite films demonstrate great perspectives
for optoelectronic applications, e.g. as sensors or organic photovoltaics (OPV).
To enhance properties of such devices the metal cluster self-assembly process
needs to be understood. We correlate the emerging nanoscale morphologies
with electronic properties and quantify the difference in silver growth, compar-
ing the diblock copolymer template with its corresponding homopolymer thin
film counterparts. In this contribution, we investigate the silver cluster mor-
phology during the growth on a PMMA-b-P3HT diblock copolymer template.
We applied with grazing incidence small-angle X-ray scattering (GISAXS) to ob-
serve the cluster formation. Our study reveals the selective wetting of silver on
one of the polymer blocks and the influence of the template on the percolation
behavior of the silver layer, which is measured with resistance measurements
during the sputter deposition.

CPP6.16 Mon 16:30 CPPp
Memory effects in polymer brushes showing co-nonsolvency effects —
«SIMON SCHUBOTZI’Z, PETRA UHLMANNI, ANDREAS FERYI’Z, JENs-UwWE
SoMMmER"2, and GONTER K. AUERNHAMMER™ — !Leibniz-Institut fiir Poly-
merforschung Dresden e.V., 01069 Dresden, Germany — “Technische Univer-
sitdt Dresden, 01069 Dresden, Germany — 3 Max-Planck-Institut fiir Polymer-
forschung, 55128 Mainz, Germany
Some polymer brushes show a co-nonsolvency effect: They collapse in a mix-
ture of two good solvents at some specific mixing ratio. Previous studies fo-
cused on the response of brushes which are entirely covered by a liquid. Here,
we concentrate on partial wetting of co-nonsolvent polymer brushes, i.e., on the
dynamics of a three-phase contact line moving over such brushes. We demon-
strate that the wetting behavior depends on the wetting history of the polymer
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brush. We use Poly(N-isopropylacrylamide) (PNiPAAm) brushes and water and
ethanol as good solvents. In water/ethanol mixtures, the brush thickness is a
non-monotonous function of the ethanol concentration. The memory of brushes
is tested by consecutively depositing drops of increasing size at the same posi-
tion. Previously deposited drops induce changes in the brush that modifies the
wetting behavior (advancing contact angle) of subsequent drops. We believe that
the change in the contact angels is induced by adaptation like swelling of or liquid
exchange in the brush due to the drop on top.

CPP6.17 Mon 16:30 CPPp
Quantification of Interfacial Fracture in Geometrically Confined Soft Elas-
tomers by a Combined Analysis of Contact Force and Pressure — *HARES
WAHDAT and ALFRED CROSBY — Polymer Science and Engineering Depart-
ment, University of Massachusetts Amherst, Amherst, MA, USA

Interfacial fracture occurs in many different situations ranging from the failure
of polymer adhesives to the growth of wounds in human skin. Commonly, inter-
facial fracture can be studied by inserting a needle into a soft material and apply
positive pressure while recording images. The combination of pressure and cor-
responding images has revealed insight into the interfacial fracture properties of
gels or biological tissues. Still, the need for recording images can complicate the
study of non-transparent samples or in-vivo studies. Here, we present experi-
ments, in which the pressure-change and the corresponding contact between a
rigid probe in contact with micrometer-thin soft elastomers, were analyzed to
quantify the critical strain energy release rate for interfacial fracture. The mod-
eling of interfacial fracture does not require image recording, making our ex-
periment and analysis suitable for quantitative studies of interfacial facture in
complicated systems such as biological tissues.

CPP 7: Perovskites - organized by Eva M. Herzig (University of Bayreuth, Bayreuth)

Time: Tuesday 9:00-16:30

CPP7.1 Tue9:00 CPPa
How do solvent molecules determine the electronic structure of halide per-
ovskite precursors? — <ANA M. VALENCIA!, RICHARD ScHIER!, OLEKSAN-
DRA SHARGAIEVAZ, Eva UNGERZ, and CATERINA CoccHI! — 1Physics Dept.,,
Humboldt-Universitit zu Berlin und IRIS Adlershof — Helmholtz-Zentrum
Berlin, HySPRINT Innovation Lab, Berlin
Hybrid metal-halide perovskites have been demonstrated as excellent candidates
for opto-electronic applications such as high-performing solar cells and light-
emitting devices. The quality of the resulting materials, and hence their perfor-
mance, strongly depends on the solution processing conditions. For this reason,
it is of paramount importance to gain insight into their initial steps of formation
of the solid-state materials. To do so, we investigate the inorganic building blocks
of lead-iodide perovskites in DMSO solution. In order to mimic the initial steps
of the perovskite nucleation, we consider PbI2(DMSO)4, Pb2I4(DMSO)6, and
Pb3I6(DMSO)8, as model compounds treated fully atomistically and quantum-
mechanically in the framework of density-functional theory and many-body
perturbation theory. Through the analysis of the computed molecular orbitals,
optical spectra, and electron and hole densities we discuss and rationalize the
role of electronic hybridization between solute and solvent, and the mechanisms
that are responsible for the absorption and emission peaks observed in the ex-
periments.

CPP7.2 Tue9:20 CPPa
Solution-Processed Perovskite Solar Cells — FLORIAN MATHIESI, GOPINATH
PARAMASIVAMI, JANARDAN DAGARI, and +Eva Unger"™? — 'Helmholtz Zen-
trum Berlin — 2Lund University, Sweden
Metal halide perovskites (MHP) are being intensively researched for solar energy
conversion applications and are the best solution-processable solar cell technol-
ogy to date. For scaling the technology, high throughput and material-efficient
printing and coating techniques can be utilised to make larger area devices.
We will here present our systematic approach translating successful process-
ing strategies developed for spin-coating to slot-die coating and inkjet printing
through in-depth rationalisation of MHP formation gained from in-situ optical
monitoring. Depending on the composition of MHP precursors and solvents
as well as process conditions and process quenching by e.g. an antisolvent, thin
film formation proceeds via crystalline intermediate phases or directly into the
perovskite phase. Optimisation of MHP precursors composition and processing
conditions enabled us to recently achieve 22% power conversion efficiency in
small area devices by spin-coating and 15% on large are mini-modules that are
being further optimised in the near future. We are currently working on trans-
lating process conditions to obtain high quality perovskite thin films to scalable
solution based deposition methods such as slot-die coating and inkjet printing.
To date, we have demonstrated slot-die coating and inkjet printed small area
devices with power conversion efficiencies > 15%.

CPP7.3 Tue9:40 CPPa
In situ reflectometry and air flow control enables modeling of the drying pro-
cess in blade coated hybrid perovskite solution films. — «S1MoN TERNES' 2,
ToB1As BGRNHORST3, Jonas A. SCHWENZERI, IHTEAZ M. HOSSAINI’Z, UL1
LEMMERI, PHILIP SCHARFER2’3, WILHELM SCHABELS, BrYCE S. RICHARDSI’Z,
and ULrica W. PaerzoLp™?* — !Light Technology Institute, Karlsruhe, Ger-
many — “Institute of Microstructure Technology, Eggenstein-Leopoldshafen,
Germany — >Institute of Thermal Process Engineering, Karlsruhe, Germany
In recent years, hybrid perovskite solar cells (PCSs) have been introduced to the
field of thin-film photovoltaics, exhibiting not only a steep increase in power
conversion efficiencies from 3.8% in 2009 to above 25% to date, but also open-
ing the perspective toward low-cost, large-scale solution processing. However,
in order to design industrial-scale printing machines for PCSs in an efficient
manner, general modeling of the dynamic drying and crystallization processes
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in perovskite solution films is required. This modeling must extend beyond trail-
and-error optimization and beyond the commonly used, non-scalable spin coat-
ing technique. In the work presented here, we demonstrate simultaneous exact
drying control by a laminar air flow and in situ film thickness measurements by
reflectometry on blade coated perovskite solution films. In this way, we derive a
general model of the drying process in these solution films and correlate it with
the evolving morphology, providing a strategy of optimal process transfer from
spin coating to any industrial coating and drying technique.

CPP7.4 Tuel0:00 CPPa
Understanding the crystallization of solution processed, alloyed per-
ovskites by multimodal characterization — «SHAMBHAVI PRATAPI’Z, NoBU-
MICHI TAMURA%, ZHENGHAO YUAN’, ALASTAIR MacDowgrr?, NIcoLa
BARCHI4, JONATHAN SLACKZ, CAROLIN SUTTER—FELLA4, and PETER MULLER-
BuscuBaum' — !Lehrstuhl fiir Funktionelle Materialien, TU Miinchen, 85748
Garching, Germany — *Advanced Light Source, Lawrence Berkeley National
Laboratory, 94720 Berkeley, USA — 3Eberly College of Science, The Pennsylva-
nia State University, State College,16801, USA — “Chemical Sciences Division,
Lawrence Berkeley National Laboratory, 94720 Berkeley, USA
The crystallization behavior of solution processed hybrid plumbohalide per-
ovskites is an ideal study to understand the formation of chemical alloys. Precur-
sors corresponding to two different perovskites are mixed to serve as the precur-
sor for an alloyed species. During crystallization, distinct crystalline species are
isolated and characterized, as the equilibrium between the complex precursor in-
termediates and perovskites is transformed to the crystalline product by anneal-
ing the structure. The evolution of chemical structures is temporally resolved
and the transient structures are studied for their optoelectronic transformation
by photoluminescence.

40 min. meet the speakers - break

Invited Talk CPP7.5 Tuel11:00 CPPa
Ultrafast spectroscopy of charge and structural dynamics in hybrid per-
ovskites — ¢FELIX DESCHLER — TU Munich

Metal-halide perovskites have emerged as promising semiconductors for opto-
electronics, in which the soft-crystalline material structure leads to unexpected
excitation dynamics, and for which the underlying physics remain unexplored.
Unusually strong spin-orbit coupling was predicted to introduce Rashba-type
state splitting in the electronic band structure of these materials, which is ex-
pected to affect recombination dynamics and spin-populations. It remains an
open question, how dynamic changes in the material structure and electronic
state populations control application-relevant electronic state nature and relax-
ation.

In my talk I will present how we use advanced optical spectroscopy to study
the dynamics of optically-excited electronic state populations and crystal struc-
ture in functional hybrid perovskite semiconductors on ultrafast timescales. I
will present results on mixed-cation mixed-halide bulk metal-halide perovskites,
for which I will discuss how photodoping controls the properties and recombi-
nation of electronic states, and how these can enable highly-efficient optoelec-
tronic devices and novel functionality. I will further discuss recent results on
tracking the polaronic nature of excitation on ultrafast time-scales with ultrafast
time-resolved diffraction experiments, from which we extract charge localiza-
tion dynamics in real time.

CPP7.6 Tuell: 40 CPPa
Investigating MAPbI_{3} Thin Film Formation during Spin Coating by Si-
multaneous in Situ Absorption and Photoluminescence Spectroscopy — Mi-
HIRSINH CHAUHANLZ, Yu ZHONI, KONSTANTIN SCH(‘)TZl, BRIJESH TRIPATHIZ,
ANNA K('jHLERI, SVEN HUETTNERI, and sFABIAN Panzer! — 1University of
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Bayreuth, Bayreuth, Germany — 2Pandit Deendayal Petroleum University,
Gandhinagar, India

Until today, the two-step processing method represents an attractive route for the
thin film formation of halide perovskites. However, a fundamental understand-
ing about the film formation dynamics in case of spin coating methylammonium
iodide (MAI) on PbI_{2} has not been established yet. Here we apply in-situ op-
tical spectroscopy during the two-step film formation of the model halide per-
ovskite MAPbI_{3} via spin coating. We identify and analyze in detail the optical
features that occur in photoluminescence and corresponding absorption spectra
during processing. We find that the film formation takes place in five consecutive
steps, including the formation of a MAPDI3 capping layer via an interface crys-
tallization and the occurrence of an intense dissolution-recrystallization pro-
cess. Consideration of confinement and self-absorption effects in the PL spectra,
together with consideration of the corresponding absorption spectra allows to
quantify the growth rate of the initial interface crystallization to be 13 nm/s for
our processing conditions. We find the main dissolution recrystallization pro-
cess to happen with a rate of 445 nm/s, emphasizing its importance to the overall
processing.

CPP7.7 Tuel2:00 CPPa
Structural, optical and dielectric properties of Cs,AgBiBry, a lead-free
perovskite for photovoltaic applications — «MELINA ARMER', MAXIMIL-
IAN SIRTLZ, PAaTRICK Df)RFLINGERl, JuLiAN HC')CKERl, THOMAS BEINZ, and
VLADIMIR DyaKoNOV! — 1Experimental Physics VI, Julius Maximilian Uni-
versity of Wiirzburg, 97074 Wiirzburg — “Ludwigs Maximilian University
Miinchen, 81377 Miinchen
As conventional perovskite solar cells contain lead and therefore suffer toxic-
ity and stability issues, finding alternative and stable lead-free materials for the
application in perovskite photovoltaics has become an essential problem to be
solved. In this work, lead-free Cs, AgBiBr single crystals have been synthesized
using different solution based approaches, permitting a detailed characterization
of the optical and structural properties of this material. The morphology and
quality of the as grown crystals has been evaluated using scanning electron mi-
croscopy (SEM), energy dispersive X-ray microscopy (EDX) and X-ray diffrac-
tion (XRD). The crystals have been characterized using steady-state and time-
resolved photoluminescence (PL) spectroscopy. We observed PL in the visible
region characterized by large PL lifetimes. Furthermore, the dielectric constant
of Cs, AgBiBrg crystals has been measured at 9 GHz by time resolved microwave
conductivity (TRMC). Using the obtained value of the dielectric constant the
mobility of Cs, AgBiBrg thin films could be estimated using TRMC.

CPP7.8 Tuel12:20 CPPa
The Efficiency Potential of Neat Perovskite Films — «MARTIN STOLTERFOHT
— Uni Potsdam
Perovskite photovoltaic (PV) cells have demonstrated power conversion efficien-
cies (PCE) that are close to those of monocrystalline silicon (m-Si) cells, how-
ever, in contrast to silicon PV, perovskites are not limited by Auger recombina-
tion. Nevertheless, compared to GaAs and m-Si devices, perovskite cells stand
out by their significantly lower fill factors (FFs) which is due to a combination
of resistive and non-radiative recombination losses. This necessitates a deeper
understanding of the underlying loss mechanism and in particular the ideality
factor of the cell. Here, by measuring the intensity (I) dependence of the exter-
nal (V_OC) and internal voltage (i.e. the quasi-Fermi level splitting, QFLS), we
can quantify the transport resistance-free efficiency of the complete cell as well
as the efficiency potential of any neat perovskite films with and without attached
transport layers (TLs). Moreover, QFLS(I) measurements on different perovskite
compositions allow to disentangle the impact of the interfaces and the perovskite
surface on the non-radiative FF and V_OC loss. We find that potassium passi-
vated quadruple cation perovskite films stand out by their exceptionally high
implied PCEs of above 28% which could be readily achieved if charge collection
losses and energy alignment issues are overcome. Finally, strategies are presented
to reduce both the ideality factor and transport losses to push the FF to the ther-
modynamic limits.

80 min. meet the speakers - break

Invited Talk CPP7.9 Tuel14:00 CPPa
Structural dynamics of halide perovskites via in-situ electron microscopy —
*CHEN L1 — Electron microscopy for Materials research (EMAT), University of
Antwerp, Antwerp, Belgium

In-situ heating in electron microscopy is a powerful means of investigating phase
changes in materials [1], and the focused electron probe in scanning transmis-
sion electron microscope (STEM) can also be used to stimulate the movement
of atoms [2]. Here we apply such dynamic STEM to directly observe ion mi-
gration in both organic and inorganic halide perovskites. For instance, a phase
transition from an orthorhombic §-phase to a cubic a-phase in inorganic CsPbI3
perovskites has been tracked in atomic scale.
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[1] C. Li, et. al, Secondary-phase-assisted grain boundary migration in
CulnSe2. Phys. Rev. Lett. 2020, 124, 095702

[2] C. Li, et. al., Column-by-column observation of dislocation motion in
CdTe: dynamic scanning transmission electron microscopy, Appl. Phys. Lett.
2016, 109, 143107

CPP7.10 Tue14:40 CPPa
The tetragonal to orthorhombic crystal phase transition in MAPI stud-
ied by time-resolved photoluminescence microscopy — ¢ALEXANDER
BIEWALDI, NADjA GIESBRECHTI, RICHARD CIESIELSKII, THOMAS BEINI, PABLO
Docampo?, and AcuiM Hartscuun' — 'LMU Miinchen, Butenandtstr. 11,
81377 Munich, GER — 2Newcastle University, Newcastle upon Tyne, UK
Perovskite-based thin-film solar cells today reach power conversion efficiencies
of more than 22% [1]. Methylammonium lead iodide (MAPI) is prototypical
for this material class of hybrid halide perovskite semiconductors and at the fo-
cal point of interest for a growing community in research and engineering. We
investigated the diffusion properties for the orthorhombic and tetragonal phase
using time-resolved photoluminescence (PL) microscopy before [2]. Now we fo-
cus on the PL dynamics at the phase transition. First, the phase transition is ob-
served in temperature dependent PL spectra, which show the correlated decrease
and rise of two spectrally distinct bands. This indicates the coexistence of both
phases in a limited temperature range. Second, at the phase transition, which is
found to vary between grains, diffusive transport suddenly stops and only reap-
pears upon further cooling or heating, respectively. Our spatio-temporal studies
provide detailed microscopic insights into the phase transition and its influence
on the carrier dynamics in large crystal MAPI thin films.

[1] M.A.Green et al.,Prog.Photovolt:Res.Appl.,26,427-436,2018
[2] A. Biewald et al.,ACS Appl.Mat.&Interfaces,11,20838-20844,2019

CPP7.11 Tue 15:00 CPPa
Characterization of Perovskite Precursor Solutions in order to achieve High-
Performance Solar Cells — ¢MARION FLATKENI, Nga PHUNGI, ROBERT
WenDT!, ARMIN HoELL!, and ANTONIO ABATE"? — 'Helmholtz-Zentrum
Berlin fiir Materialien und Energie (HZB) — “Department of Chemical, Ma-
terials and Production Engineering, University of Naples Federico II
Despite the current success of Perovskite Solar Cells, there are still open ques-
tions how to explain intrinsic parameters in terms of stability and general photo-
voltaic performance of varying perovskite compositions. Deeper knowledge in
coordination chemistry of the perovskite itself is one key parameter to improve
and control crystallization in the solution based fabrication. Using small angle
scattering we can prove, that the coordination starts in the perovskite precursor
solution and differs according to the perovskite composition. The observed col-
loidal structures are characterized via small angle neutron scattering (SANS) and
is further compared to synchrotron based small angle x-ray scattering (SAXS).
Based on nuclear magnetic resonsance spectroscopy the chemical composition
of the complexes can be revealed, which leads us to a possible starting mecha-
nism for nucleation and growth in perovskite precursor solutions. In our work
we compare the precursor solutions of MAPbI3 and MAPDI3 x Srl2 to a cesium
containing triple cation perovskite solution, which is known to be a highly effi-
cient and stable perovskite. Observed differences and similarities might give one
reason for the divergence in photovoltaic properties of the respective full device
solar cells.

CPP7.12 Tuel520 CPPa
Thermal decomposition dynamics of lead halide perovskite thin films —
THOMAS BURWIG, KARL HEINZE, ROLAND SCHEER, and ¢PAUL P1sTOR — MLU
Martin-Luther-Universitit Halle-Wittenberg
Despite the remarkable progress of lead halide perovskites, their low stability
severely limits practical applications. To understand degradation pathways and
pinpoint optimal compositions in terms of stability is therefore of utmost im-
portance. Here we investigate the thermal stability of lead halide perovskite thin
films grown by co-evaporation and analyze their thermal decomposition at el-
evated temperatures. Our approach allows to investigate the thermal decom-
position by time-resolved in situ X-ray diffraction inside the vacuum growth
chamber, without exposing the perovskite thin film to moisture or ambient air
at any time. By applying fixed temperature ramps of 3-4 K/min. , we com-
pare the onset of decomposition for a variety of different ABX; compositions
and explore perovskites throughout the compositional space with A=MA,FA,Cs;
B=Pb,Sn,(Ag,Bi) and X=L,Br,Cl. We find an increasing decomposition temper-
ature for the series MAPbCl; - MAPbI; - MAPbBr;, where the perovskite de-
composes via degassing of MAX. The cation variation shows increased stability
for CsPbBr; over FAPbBr; and MAPbBr;, mainly due to the increased sublima-
tion temperature of CsX, which is even higher than that of PbX,. Finally, for
the case of the most common and less stable MAPbX; perovskites, a series of
time-resolved degradation experiments at constant temperatures provides de-
tailed insights into the degradation kinetics of these materials.

50 min. meet the speakers - break
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Invited Talk CPP8.1 Tue9:00 CPPb
Polymer Micelles with Crystalline Cores: confinement effects, molecular ex-
change kinetics and mechanical response — Nico KOENIGI, Lutz WILLNERZ,
and +REIDAR LUND' — ! Department of Chemistry, University of Oslo, Postboks
1033 Blindern, 0315 Oslo, Norway. — %Jiilich Centre for Neutron Science JCNS
and Institute for Complex Systems ICS,

Partially crystalline, self-assembling systems with multiple components are om-
nipresent in nature with living cells as a prominent example. Here we study mi-
celles formed by self-assembly of a series of well-defined n-alkyl-(polyethylene
oxide) (Cn-PEO) polymers in aqueous solutions [1]. Using small-angle X-
ray/neutron scattering (SAXS/SANS), densiometry and differential scanning
calorimetry (DSC), we show that the n-alkane exhibit a first-order phase transi-
tion in the micellar cores, but with reduced melting points accurately described
by the Gibbs-Thomson equation [2]. The effect of core crystallinity on the molec-
ular exchange kinetics is investigated using time-resolved SANS (TR-SANS) [3-
9]. We show that the melting transition is cooperative in the confined micellar
core, whereas the exchange process is decoupled and unimeric in nature. [9]
Telechelic polymers based on Cn-PEO-Cn forms clustered micelles and hydro-
gels composed of interconnected micelles at higher concentrations.[10] The re-
sults show that, contrary to regular micelles, the kinetics occurs in a multistep
process involving a novel collision-induced single-molecule exchange mecha-
nism.[11] Morever exchange kinetics directly controls the mechanical response
of hydrogels through the bond life time [12]

CPP82 Tue9:40 CPPb
Foams stabilized by PNIPAM microgels — sMATTHIAS KUHNHAMMER, CHRIS-
TIAN APPEL, and REGINE VON KLITZING — Technical University of Darmstadt,
Department of Physics, Soft Matter at Interfaces, 64287 Darmstadt, Germany
Cross-linked, short-chained poly-N-isopropylacrylamide (NIPAM) polymers
have been in the focus of numerous studies in the past years and are still being
discussed very actively in the context of multiple possible applications, because
of their ability to respond to external stimuli. Because of their amphiphilic char-
acter, PNIPAM microgels can be used to stabilize dispersions like emulsions or
foams.

In this contribution microgel stabilized foams are investigated. These foams
are very stable at temperatures below the volume phase transition temperature
(VPTT) of NIPAM and can be destabilized by increasing the temperature above
the VPTT. The structure of the microgels inside the foam lamellae is investigated
with neutron scattering. These results are compared to the organization of mi-
crogels at a single gas / water interface, which is studied with Langmuir isotherms
and X-ray reflectivity.

Finally, these findings are related to macroscopic properties of the foams,
namely foamability and foam stability.

CPP 8.3 Tue10:00 CPPb
Functional, responsive microgels enlightened with super-resolution fluores-
cence microscopy — «DOMINIK WOLL, LAURA HOPPE ALVAREZ, ERIC SIEMES,
AsHVINI PUROHIT, and SiLvia CENTENO BENIGNO — Institut fiir Physikalische
Chemie, RWTH Aachen University, Landoltweg 2, 52074 Aachen
The elucidation of the structure and functionalization of materials in the sub-
micron range is a key to their further development and application. Microgels
are a class of such soft materials with high potential for multiple fields. Sev-
eral groups have learnt to functionalize and structure microgels in sophisticated
ways, but the evaluation of a successful functionalization or the envisioned prop-
erties are often limited by the ways of analysis and visualization. The develop-
ment of modern super-resolved fluorescence microscopy methods opened up
new ways of nanoscopic visualization that had not been possible previously due
to the diffraction limit of light prohibiting spatial resolution beyond approx. 200
nm. In my contribution, the possibilities to elucidate shape and functionaliza-
tion, to visualize single cross-linker positions and to address local polarity in
microgels with 3D super-resolution fluorescence imaging will be discussed, and
ways presented to address and answer scientific questions in soft matter science.

40 min. meet the speakers - break

Invited Talk CPP 8.4 Tuell:00 CPPb
Dynamic behaviour of anisotropic magnetic particles in suspensions —
*Sor1a KanTorovicH — University of Vienna — Ural Federal University

Stable dispersions of magnetic colloidal particles with sizes ranging from
nanometers to couple of microns have been actively studied for several decades
and the interest to them seems to keep growing. Such an attention to these sys-
tems is paid because of several reasons: they are biocompatible, can be remotely
controlled by external magnetic fields and new synthesis techniques enable a
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Location: CPPb

rich variety of particle morphologies. In classical magnetic fluids with spherical
polydisperse nanoparticles, dominating dipolar interactions typically limit the
structural complexity of their aggregates to linear arrangements, namely chains,
rings and branched structures. In this contribution I will show, how to either al-
ter the shape of magnetic particles or their internal structure in order to extend
dramatically the topology and properties of their suspensions. In particular I
will focus on magnetic cubes, magnetic Janus particles, soft magnetic colloids
and magnetically anisotropic nanoparticles. I will show how lattices, branched
clusters of staggered chains, compact clusters, linear chains, and non aggregated
configurations can be formed and interconverted reversibly in a controlled way.
I will also discuss how adding an active component to magnetically anisotropic
particles leads to unique properties. The results gathered in this presentation
demonstrate that fundamentally new possibilities for responsive magnetic ma-
terials can arise when we step away from conventional dipolar hard spheres.

CPP85 Tuell:40 CPPb
Graphical Magnetogranulometry — «INGO REHBERG, REINHARD RICHTER,
and STEFAN HARTUNG — Bayreuth University
The dipole strength of magnetic particles in a colloidal suspension can be ob-
tained by a graphical rectification of the magnetization curves based on the in-
verse Langevin function. The method [1] yields the arithmetic and the harmonic
mean of the particle distribution. It has an advantage compared to the fitting of
magnetization curves to some appropriate mathematical model: It does not rely
on assuming a particular distribution function of the particles.

[1] Measuring magnetic moments of polydisperse ferrofluids utilizing the in-
verse Langevin function, Ingo Rehberg, Reinhard Richter, Stefan Hartung, and
Niklas Lucht, Birgit Hankiewicz, and Thomas Friedrich, Phys. Rev. B 100,
134425 (2019).

CPP8.6 Tuel2:00 CPPb
Phase Behavior of Charged Magnetic Nanoplatelets — <MARGARET
ROSENBERG' and SoF1a KanTorovicH"? — 'Department of Physics, Univer-
sity of Vienna, Austria — 22Department of Mathematical Physics, Ural Federal
University, Russia
Recent decades have seen the emergence of a new branch of science, magnetic
soft matter, fueled by the advances in synthesis techniques, which have also made
a wide variety of anisotropic magnetic colloidal nanoparticles available. Col-
loidal anisometry can be used as an effective control parameter to tune both
self-assembly scenarios and thermodynamic, rheological and phase behavior of
dipolar (magnetic) soft matter. For instance, magnetic nanoplatelets can form
macroscopic ferromagnetic phases at room temperature. Although the phase
behavior of a system hard-core platelets is well known, the influence of the mag-
netic dipole moment and electrostatic repulsion on suspensions of magnetic
platelets is not yet fully understood. We use MD simulations to recreate such
a system. The colloidal particles are modelled by charged soft spheres, with a
central dipole possessing a magnetic moment of a constant length, permanently
oriented perpendicular to the platelet surface. In order to investigate the self-
assembly and structural properties of the platelets, we vary the amplitude of an
applied magnetic field and the magnetic dipole. We analyze at which electro-
static conditions the system exhibits self-assembly or/and field alignment, based
on RDFs, structure factors parallel and perpendicular to the field and extensive
cluster analysis.

CPP 8.7 Tue12:20 CPPb
Magnetically Functionalized Star Polymers in Equilibrium and under Shear
— «GERHARD KAHLI, Davip TONEIANI, and CHristos N. Likos? — !Institut
fiir Theoretische Physik, TU Wien — 2Fakultiit fiir Physik, Universitit Wien
Star polymers are macromolecules consisting of a central site, attached to which
are a number f of linear polymer chains, called arms. Depending on the chem-
ical composition of the arms, the polymer stars exhibit intriguing features, both
in isolation and in concentrated solution.

We present star polymers with magnetically functionalized end groups as a
novel polymeric system whose morphology, self-aggregation and orientation can
easily be tuned by exposing these macromolecules simultaneously to an exter-
nal magnetic field and to shear forces within a channel. Our investigations are
based on a specialized simulation technique which faithfully takes into account
the hydrodynamic interactions of the surrounding, Newtonian solvent. We find
that the combination of magnetic field (including both strength and direction)
and shear rate controls the mean number of magnetic clusters, which in turn is
largely responsible for the static and dynamic behavior. While some properties
are similar to comparable non-magnetic star polymers, others exhibit novel phe-
nomena; examples of the latter include the breakup and reorganization of the
clusters beyond a critical shear rate and a strong dependence of the efficiency
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with which shear rate is translated into whole-body rotations on the direction of
the magnetic field.

CPP 8.8 Tuel2:40 CPPb
Structural details of polymer grafted nanoparticles: Insights from coarse-
grained molecular dynamics simulations — eJiaRUL Mipya!, MICHAEL
RUBINSTEINZ, Sanat K. Kumar® , and ARASH NIKOUBASHMAN' — 1Iohannes
Gutenberg University of Mainz, Mainz, Germany — *Duke University, Durham,
United States — > Columbia University, New York, United States
Polymer grafted nanoparticles (GNPs) are promising materials with a wide range
of applications in drug delivery, gas separation, photonic and electric materials.
In this work, the structural properties of GNPs are studied via coarse-grained
molecular dynamics simulations. We systematically vary the degree of polymer-
ization at fixed grafting density, and study in detail the shape and size of the
GNPs, the interpenetration between the grafted polymers and their conforma-
tions. We then compare these properties to the ones of pure polymer melts to
assess the effect of confinement. We observe that the amount of chain-sections
in the interpenetration zone is proportional to the length of the grafted chains,
N, 9 whereas, the brush height follows a power-law like behavior & ~ N, where
exponent o decreases from a value close to one to the limiting value of 1/3 with
the increase of N,,. To understand the scaling behavior of & we provide an em-
pirical form, involving the length of the grafted polymers and the core size of the
GNPs, which explains our simulation results.

60 min. meet the speakers - break

CPP 8.9 Tue14:00 CPPb

Charge regulation radically modifies electrostatics in membrane stacks —
*ARGHYA MA}EE1 , MARKUS BIERI’Z, RALF BLOSSEY3 ,and RUDOLF PoDGORNIK?
— IMPI for Intelligent Systems, Stuttgart & University of Stuttgart, Ger-
many — 2Universi'[y of Applied Sciences, Wiirzburg-Schweinfurt, Germany —
> University of Lille, CNRS, UMR8576 UGSE, France — *CAS & KAVLI Institute
of Theoretical Sciences, Beijing
Motivated by biological membrane-containing organelles in plants and photo-
synthetic bacteria, we study charge regulation in a model membrane stack [1].
Considering (de)protonation as the simplest mechanism of charge equilibration
between the membranes and with the bathing environment [2], we uncover a
symmetry-broken charge state in the stack with a quasiperiodic effective charge
sequence. In the case of a monovalent bathing salt solution, our model pre-
dicts complex, inhomogeneous charge equilibria depending on the strength of
the (de)protonation reaction, salt concentration, and membrane size. Our re-
sults shed light on the basic reorganization mechanism of thylakoid membrane
stacks.

References:

[1] A. Majee, M. Bier, R. Blossey, and R. Podgornik, Phys. Rev. E 100,
050601(R) (2019).

[2] A. Majee, M. Bier, and R. Podgornik, Soft Matter 14, 985 (2018).

CPP 8.10 Tue 14:20 CPPb
Emulsion destabilisation by squeeze flow — +RIANDE DEKKER, ANTOINE DE-
BLAIS, and DANIEL BONN — Van der Waals-Zeeman Institute, Institute of
Physics, University of Amsterdam, Science Park 904, 1098 XH Amsterdam, The
Netherlands
There is a large debate on the destabilisation mechanism of emulsions. We
present a simple technique using mechanical compression to destabilise oil-in-
water emulsions while at the same time confocal microscopy allows to visualise
the mechanism directly. Upon compression of the emulsion, the continuous
aqueous phase is squeezed out, while the dispersed oil phase progressively de-
forms from spherical to honeycomb-like shapes. The liquid films that separate
the oil droplets are observed to thin and break at a critical oil/water ratio, lead-
ing to coalescence events that destabilise the emulsion. The destabilisation oc-
curs like an avalanche propagating through the system. Local rearrangements
occur after the fist destabilisation due to the fist coalescence event. The films
participating in the cascade are the finest ones.

CPP 8.11 Tue 14:40 CPPb
Impact of hydrogen bonding strength on the structure and dynamics of
supramolecular PEO — «ANA BRASI, ANA ARIZAGAI, UXUE AGIRREI, MARIE
DORAUI, PATRICIA BACHI, JuprtH E. H0U5T0N2’3, AUREL RADULESCU3, MAR-
GARITA KRUTEVAY, and ANNETTE M. ScamipT! — 1UzZK, Cologne, Germany —
2ESS, Lund, Sweden — 3FZ], Garching, Germany — 4FZ], Jilich, Germany

In this work we investigate supramolecular poly(ethylene oxide) (PEO)
oligomers at the entanglement molar mass (Me) with different hydrogen bond-
ing end groups, such as diaminotriazine (Dat) and thymine-1- acetic acid (Thy),
as well as 2-ureido-4[1H]-pyrimidinone (Upy). Small angle scattering and rhe-
ology were combined to study the influence of different end-groups association
strength as Upy is highly self-associative in comparison to the heterocomple-
mentary pair Thy/Dat. Results on the structure provide insight into the un-
derlying molecular mechanisms and reveal that while Upy-terminated chains
phase segregate, forming network-like systems, the Thy/Dat pair-terminated sys-
tem self-assemble to linear chains, thereby increasing the effective chain length.
Moreover, rheological measurements also reveal differences in the viscoelastic
response as Upy-terminated chains exhibit an extended rubbery plateau, typical
of networks, and the pair Thy/Dat presents a Newtonian fluid behaviour. Re-
markably, albeit both systems show end-group association, different hydrogen
bonding species influence the type of associates. Acknowledgements: DFG for
a research grant (BR5303) and Prof. Dr. D. Richter, Prof. Dr. R. Strey and Dr.
Wim Pyckhout-Hintzen for fruitful discussions.

CPP8.12 Tue 15:00 CPPb

Structural characterization and rheology of biocompatible wormlike micelles
- comparing experiment and theory — «BENJAMIN VON LospICHLl’z, SABINE
H. L. KLapp?, and MicHAEL GRADZIELSKT' — !Institut fiir Chemie, Technische
Universitit Berlin, Strale des 17. Juni 124, D-10623 Berlin — Institut fiir The-
oretische Physik, Technische Universitit Berlin, Hardenbergstrafle 36, D-10623
Berlin
Wormlike micelles exhibit a unique viscoelastic behaviour, which has been in-
vestigated intensely in the past decades by experimentalists and theoreticians
[1,2]. Within our studies we explore the self-assembled structures and the flow
behaviour of biocompatible wormlike micelles, which are a mixture of a short-
chained Cjg cationic surfactant and the salts of long-chained C;4 to C,, omega-9
fatty acids. The variation of the omega-9 fatty acids yields a change in thickness
of the micelles, which strongly influences the flowing properties of the system.
To characterize the size distribution and the relaxation time of the micellar so-
lutions we use neutron scattering, rheology and electric birefringence. The ob-
tained experimental results are then quantitatively compared to an established
theoretical model describing the dynamics of micelles under shear. The model
links mechanical properties such as stress to structural quantities like alignment
or micellar length [3].

[1] C. Dreiss, Soft Matter 3, 956, (2007)

[2] P. D. Olmsted, Rheo. Acta 47, 283, (2008)

[3] B. v. Lospichl, S. H. L. Klapp, Phys. Rev. E 98, 042605, (2018)

CPP 8.13 Tue 15:220 CPPb

Light driven passive and active motion of colloidal particles — «P0OOJA ARYA,
Davip FELDMANN, and SVETLANA SANTER — University of Potsdam, Potsdam,
Germany
We report on how one can manipulate an ensemble of colloidal particles trapped
at a solid/liquid interface during irradiation with light of different wavelengths.
The colloids are dispersed in an aqueous solution of photosensitive azobenzene
containing cationic surfactant, which can photo-isomerize from trans to cis state
under irradiation with light of appropriate wavelength. When focused light is ap-
plied, light-driven diffusioosmotic (LDDO) flowl is generated at the solid/liquid
interface resulting in a passive motion of particles within this flow. Utilizing the
same LDDO mechanism one can also induce active motion of porous particles.
Here the radially directed flow is generated by and around a single porous colloid
when it is irradiated with either UV or blue light. This results in either mutual
long-range diffusioosmotic repulsion of the particles or in even self-propelled
motion when the colloids are turned into a Janus-like shape. Here, we discuss
how to extend of passive and active motion of colloidal particles depends on the
irradiation conditions such as wavelengths and intensities of light.

1.*Feldmann, D.; Maduar S.R.; Santer, M.; Lomadze, N.; Vinogradova, O.L;
Santer, S., Scientific Reports 6 (2016) 36443
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CPP 14.1 Tue16:30 CPPp DBC during SVA, an obvious change in the magnetic behavior of the hybrid film

Direct Observation of the Time-dependent Dynamic Tube Dilation in En- is observed. The hybrid film shows a perpendicular ferromagnetic anisotropy be-

tangled Polymer Blends — sPauLA MALO DE MoLiNa'"%, ANGEL ALEGRIA!, fore SVA, which is strongly weakened after SVA. The spray deposited hybrid film

JORGEN ALLGEIER®, MARGARITA KrUTEVA!, INGO HOFFMANN®, SYLVAIN appears highly promising for potential applications in magnetic data storage and

PR}éVOSTs, MICHAEL MONKENBUSCH4, DIETER RICHTER4, ARANTXA ARBEl, sensors.

and JuaN COLMENERO">*® — 'Materials Physics Center (CSIC-UPV/EHU), San

Sebastian, Spain — 2IKERBASQUE - Basque Foundation for Science, Bilbao, CPP 143 Tuel6:30 CPPp

Spain — 3Departament0 de Fisica de Materiales (UPV/EHU), San Sebastian, Growth and morphology of sputtered iron layers on magnetic nanoparticle-

L . 1
Spain — *Forschungszentrum Jiilich GmbH, Jiilich, Germany — >Institut Laue- containing diblock copolymer films — «CHRISTOPHER EVERETT , MARTTSA

2 3 4
Langevin, Grenoble, France — ®Donostia International Physics Center, San Se- PLANK", MARKUS GALLET, MATIEHIASI SCHWARTZKOPF ', STEPHAN ROTH™,
bastin, Spain and PETER MULLER-BuscHBAUM *° — "TU Miinchen, Physik-Department, LS

Funktionelle Materialien, Garching, Germany — *TU Darmstadt, Ernst-Berl-
Institute, Darmstadt, Germany — 3Saarland University, Chair in Polymer Chem-
istry, Saarbriicken, Germany — *Deutsches Elektronen-Synchrotron (DESY),
Hamburg, Germany — KTH Royal Institute of Technology, Stockholm, Sweden
— SHeinz Maier-Leibnitz Zentrum (MLZ), TU Miinchen, Garching, Germany

The viscoelastic properties of high molecular weight polymers are given by their
entanglement dynamics. In asymmetric polymer blends, the finite lifetime of
constraints leads to a dilation of the tube but how does the tube dilate? The ef-
fective terminal tube dilation of the long chains can be determined from macro-
scopic techniques such as dielectric spectroscopy (DS) and rheology, which can-

not resolve the time evolution of the tube diameter at the nm-scale. Here, we For highly functional magnetic sensors and high-density magnetic data storage,
exploit (i) the possibility of isotopic (H/D) labeling and (ii) the spatial and time the exchange bias effect is of great technical importance. Exchange bias, typically
resolution of neutron spin echo (NSE) to directly probe the time-dependent tube observed at ferromagnetic/antiferromagnetic interfaces, has been reported in a
dilation for long linear entangled chains in model blends with smaller isofric- | variety of magnetic systems. In this investigation, ultra-high molecular weight
tional linear chains and small star polymers. By combining NSE with rheology polystyrene-block-poly(methyl methacrylate) (PS-b-PMMA) films with a large
and DS on the additive, the characteristic time that governs tube dilation is iden- PS volume fraction are used as templates for ferrimagnetic magnetite (Fe304)
tified as the terminal time of the additive. nanoparticles (NPs). Through solvent vapor annealing, nanostructured hybrid

films with up to 5 wt % of NPs are obtained. The sputtering of iron (Fe), which
CPP 14.2 Tue16:30 CPPp is ferromagnetic, on the polymer template is monitored in situ with grazing

Spray-deposited anisotropic ferromagnetic hybrid polymer films of PS-b- incidence small-angle X-ray scattering (GISAXS). An analysis reveals that the
PMMA and strontium hexaferrite magnetic nanoplatelets — sWgr Cao’, growth of Fe on nanoparticle-containing diblock copolymer films is a complex
SHANSHAN YIN', ANDREI CHUMAKOV?, MATTHIAS OPEL®, MARKUS GALLEI’, process and is important in understanding the resulting magnetic properties.

MATTHIAS SCHWARTZKOPFZ, STEPHAN V. ROTHZ’S, and PETER MULLER-
BuscuBaum™® — !TU Miinchen, Physik-Department, 85748 Garching — CPP 144 Tuel6:30 CPP F
ZDESY, 22607 Hamburg — SWMI, Bayerische Akademie der Wissenschaften, Micellization (I)f a Multi-Responsive Trizblock Terpolymers — -SYANAN L,
85748 Garching — 4Saarland University, Chair in Polymer Chemistry, 66123 CHIA‘I;ISIN Ko', ATHANASTOS SKANDAII“IS ’IDMITRY MOLODENSKIY", STERGIOS
Saarbriicken — °KTH Royal Institute of Technology, Department of Fibre and P1spas”, and CHRISTINE M. Papapaxis” — "TU Miinchen, Physik-Department,

. . . . 2 . .
Polymer Technology, 44 Stockholm, Sweden — °TU Miinchen, MLZ, 85748 Physik weicher Materie, Garching, Germany — “Theoretical and Physical
Garching Chemistry Institute, National Hellenic Research Foundation, Athens, Greece —

3
Spray deposition is applied to fabricate anisotropic ferromagnetic hybrid poly- EMBL at DESY, Hamburg, Germany

mer films by controlling the orientation of strontium hexaferrite nanoplatelets Triblock terpolymers having a hydrophobic, a thermo- and a pH- respon-
inside ultrahigh molecular weight diblock copolymer (DBC) polystyrene-block- sive block offer many possibilities for the formation of functional micelles and
poly(methyl methacrylate) (PS-b-PMMA) films. During spray deposition, the their manipulation by different environments. We investigate dual-stimuli-
kinetics of structure evolution of the hybrid film is monitored in situ with responsive micelles from poly(2-(dimethylamino) ethyl methacrylate)-b-

grazing-incidence small-angle X-ray scattering. The obtained final hybrid film poly(lauryl methacrylate)-b-poly(oligo(ethylene glycol) methyl ether met}}acry—
is then solvent annealed with tetrahydrofuran to study the influence of solvent late), PDMAEMA-b-PLMA-b-POEGMA [1]. The self-assembled micelles

vapor annealing (SVA). Due to the rearrangement of the nanoplatelets inside the formed by these blocks can be applied in gene transfer and drug delivery applica-
tions. They consist of a strongly hydrophobic PLMA midblock, forming the core,
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and two biocompatible hydrophilic blocks, forming the shell. PDMAEMA is a
weak cationic polyelectrolyte, which is both pH- and temperature-responsive. To
avoid precipitation of the triblock terpolymers upon heating at high pH values, a
third, permanently water-soluble, biocompatible POEGMA block is included to
form triblock terpolymers. We investigate the temperature- and pH-dependent
micellar structures as a function of polymer concentration by dynamic light scat-
tering and synchrotron small-angle X-ray scattering. [1] A. Skandalis, S. Pispas,
Polym. Chem. 2017, 8, 4538.

CPP 14.5 Tue16:30 CPPp
Multi-dimensional morphology control for PS-b-P4VP templated meso-
porous iron (IIT) oxide thin films — <SHANSHAN YINI, WEI CAol, QING IIZ,
YajuN CHENG?, LIN SONG’, NIaN LI', CHRISTIAN L. WEINDL!, MATTHIAS
SCHWARTZKOPF4, STEPHAN V. ROTH4’5, and PETER MULLER-BuscuBaum™® —
'Lehrstuhl fir Funktionelle Materialien, Physik-Department, Technische Uni-
versitit Miinchen, 85748 Garching, Germany — “Ningbo Institute of Materials
Technology and Engineering, Chinese Academy of Sciences, Ningbo, 315201,
P. R. China — *Northwestern Polytechnical University, Xi'an 710072, China.
— 4DESY, Notkestr. 85, 22603 Hamburg, Germany — 5Department of Fibre
and Polymer Technology, KTH Royal Institute of Technology, SE-100 44 Stock-
holm, Sweden — SHeinz Maier-Leibnitz Zentrum (MLZ), Technische Univer-
sitdt Miinchen, 85748 Garching, Germany
We systematically investigate the synthesis of polystyrene-block-poly(4-
vinylpyridine) templated Fe203 thin films by changing the solvent category
(DMF or 1,4-dioxane) and the polymer-to-FeCl3 ratios. DMF/1,4-dioxane mix-
tures with different component ratios are also prepared for revealing the effect
of the solvent selectivity on the thin film morphology. The structure transi-
tion mechanism of the thin films is explained by the preferential affinity and
the small-molecule surfactant micelles theory.

CPP 14.6 Tue 16:30 CPPp
In-situ spraying of Colloids on Cellulose Nanofibers — ¢CONSTANTIN

HARDER"™, MARIE BETKER""?, ALEXANDROS ALEXAKIS®, ANDREI CHUMAKOV,

ELISABETH ERBESM, MARC GENSCHI’Z, QING CHENI, JaNn RUBECKI, NiLs LE
COUTRES, CALVINJ. BRETT1’3, MATTHIAS SCHWARTZKOPFI, Eva MALMSTR('")Ma,
DANIEL SéDERBERG3, PETER MI'JLLER—BUSCHBAUMZ, and STEPHAN V. RoTa"?
— !'Deutsches Elektronen-Synchrotron (DESY), Notkestrafle 85, 22607 Ham-
burg, Germany — 2Lehrstuhl fiir Funktionelle Materialien, Technische Univer-
sitdt Miinchen, James-Franck-Str. 1, 85748 Garching, Germany — ’KTH Royal
Institute of Technology, Teknikringen 56-58, SE-100 44 Stockholm, Sweden —
*Institute for X-ray Physics, Goettingen University, Friedrich Hund Platz 1,
37077 Goettingen, Germany — >Universitit Rostock, Universitétsplatz 1, 18055
Rostock, Germany

Layer formation and annealing of colloidal inks applied to porous materials is
very relevant for printing and functional coatings. The goal is to distinguish and
quantify the differences in structure formation during annealing of deposited
colloidal inks on a porous and a solid material. As porous template we use a layer
of cellulose nano fibers (CNF) with a charged surface. We use novel colloidal inks
consisting of poly-butylmethacrylate (PBMA) and poly-sobrerolmethacrylate
(PSobMA) with a charged shell in aqueous solution. We studied the deposi-
tion and the subsequent structural and morphological changes during anneal-
ing of the colloidal layers in real-time using grazing incidence small-angle X-ray
scattering (GISAXS). During deposition, we expect that part of the liquid en-
ters the CNF layer while part of the solvent and the colloids remain on top of
the nanopaper surface, leading to a complex drying process. Subsequently, the
structural changes in the colloidal layer are induced by annealing. With GISAXS
we monitor these different processes and their effect on the CNF template.

CPP 14.7 Tue16:30 CPPp
Observing the role of B-lactoglobulin in biotemplating TiO, during spray
deposition with in situ GIXS techniques: A route to green sol-gel chem-
istry — eJuLIAN E. HEGER', WEI CHEN!, SHANSHAN YIN!, CHRISTIAN L.
WEINDLI, CHRISTINA GEIGERI, CALVIN J. BRETTZ’S, ‘WIEBKE OHM3, STEPHAN
V. Rota>? , and PETER MuLLER-BuscaBaum™ — Technische Universitit
Miinchen, Physik-Department, Lehrstuhl fiir Funktionelle Materialien, James-
Franck-Strafle 1, 85748 Garching, Germany — *Royal Institute of Technol-
ogy KTH, Teknikringen 34-35, 100 44 Stockholm, Sweden — >Deutsches
Elektronen-Synchrotron DESY, Notkestrale 85, 22607 Hamburg, Germany
— *Heinz Maier-Leibnitz Zentrum (MLZ), Technische Universitit Miinchen,
Lichtenbergstr. 1, 85748 Garching, Germany
Polymer directed sol-gel chemistry provides a powerful way for a morphological
tailored synthesis of titania, which can be subsequently spray deposited to form
functional films. For a green chemistry approach, synthetic polymers are substi-
tuted with water-soluble biopolymers. In this work, we investigate the templating
effect of f3-lactoglobulin (£3-1g), which is known to form different aggregates as
a function of net charge controlled by pH during denaturation. For this, 3-1g is
mixed with an established titania precursor and denatured at a pH below its iso-
electric point, to obtain hierarchical and crystalline titania at low-temperatures.
Advanced in situ grazing incidence X-ray scattering (GIXS) synchrotron tech-
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niques identify the underlying kinetics of {3-lg biotemplated titania films during
spray deposition.

CPP 14.8 Tue 16:30 CPPp
Water dynamics in a concentrated aqueous solution of perdeuterated poly(N-
isopropylacrylamide) across the cloud point — «BAHAR YAZDANSHENAS',
BART-JAN NIEBUURI, DiIrk SCHANZENBACHZ, ANDRE LASCHEWSKY2’3,
MicHAELA ZAMPONT?, DARIA NOFERINT!, ALFONS SCHULTE®, and CHRISTINE
M. Parapakis' — 'TU Miinchen, Physik-Department, Garching — *Universitat
Potsdam, Institut fiir Chemie — >Fraunhofer IAP, Potsdam-Golm — ‘FZ Julich,
JCNS at MLZ, Garching — 5University of Central Florida, Orlando, U.S.A.
In aqueous solutions of the thermoresponsive polymer poly(N-
isopropylacrylamide) (PNIPAM), cooperative dehydration causes the polymer
chains to collapse and aggregate at the demixing transition. Recent quasi-elastic
neutron scattering (QENS) experiments have shown that the susceptibility spec-
tra of hydration water occur at lower frequencies than those of bulk water and
that their relative population decreases abruptly at the cloud point [1,2]. In the
present study, we investigate the water dynamics on a perdeuterated PNIPAM
sample in H,O, down to ca. 0.08 GHz, using a combination of a high- and
low-resolution QENS. Deuteration suppresses incoherent scattering from the
polymer. In the observation window, we find two types of hydration water. 1.
M. Philipp, C. M. Papadakis et al,, J. Phys. Chem. B 2014, 118, 4253 2. B.-].
Niebuur, C. M. Papadakis et al., Macromolecules 2019, 52, 1942

CPP 149 Tuel16:30 CPPp
Co-nonsolvency induced collapse transition in thin PMMA-b-PNIPMAM
films — <JULDjA REITENBACHI, CHRISTINA GEIGERl, GAETANO MANGIAPIAZ,
CRISTIANE HENSCHEL?, ANDRE LASCHEWSKY®, CHRISTINE PAPaDAKIs®, and
PETER MULLER-BuscuBaum! — ! TU Miinchen, Physik-Department, Lehrstuhl
fir Funktionelle Materialien, James-Franck- Str. 1, 85748 Garching —
2Helmholtz-Zentrum Geesthacht am Heinz Maier-Leibnitz Zentrum, Licht-
enbergstr. 1, 85748 Garching — >Universitit Potsdam, Institut fiir Chemie,
Karl-Liebknecht-Str. 24-25, 14476 Potsdam-Golm — *TU Miinchen, Physik-
Department, Physik weicher Materie, James-Franck- Str. 1, 85748 Garching
Thin films of the thermoresponsive diblock copolymer PMMA-b-PNIPMAM
exhibit a co-nonsolvency induced collapse transition when organic cosolvents,
like acetone or methanol, are introduced in a certain ratio into the surround-
ing vapor atmosphere. The macroscopic changes during the swelling in aque-
ous vapor and the collapse transition in cosolvent vapor mixtures are investi-
gated with spectral reflectance (SR) and time-of-flight neutron reflectometry
(ToF-NR) measurements. We reveal the solvent/cosolvent exchange taking place
at the polymer functional groups with in situ Fourier-transform infrared spec-
troscopy (FTIR) and attribute key changes in the local chemical environment to
the macroscopic film collapse stages.

CPP 14.10 Tue16:30 CPPp
ToF-NR swelling study on metal coated PNIPAM microgel thin films us-
ing a 3D-printed environmental chamber — «ToB1AS WipMANN!, Lucas P.
KREUZERI, CHRISTINA GEIGERI, JuLiAN E. HEGERI, GAETANO MANGIAPIAZ,
THOMAS HELLWEG’, and PETER MULLER-BuscHBauM' — !TU Miinchen,
Physik Department, LS Funktionelle Materialien, 85748 Garching — *HZG
at MLZ, 85748 Garching — >Universitit Bielefeld, Chemie Department,
Physikalische und Biophysikalische Chemie, 33615 Bielefeld
Thermoresponsive microgels typically show a strong change in volume upon
crossing the volume phase transition temperature (VPTT). For LCST type poly-
mers, such as for example microgels based on N-isopropylacrylamide (NIPAM)
which has an LCST of 32 °C, these microgels are in a hydrophilic state below
the VPTT. In that temperature regime, they are highly sensitive to humidity,
which makes them interesting candidates for humidity sensing applications on
the nanoscale. Therefore, we investigate thin films of PNIPAM microgels cross
linked with N,N*-methylenebisacrylamide under cyclic high and low humidity
conditions. We follow the swelling and drying processes in situ using time-of-
flight neutron reflectometry (ToF-NR). For that purpose, we used a custom made
3D-printed environmental chamber that was designed and built in the frame-
work of the FlexiProb project, which aims for a quickly interchangeable sample
environment for experiments at the European spallation source (ESS).

CPP 14.11 Tue16:30 CPPp
Applications of Angular Cross-Correlation Analysis to Soft Matter — «IvaN
ZALUZHNYYI, RUSLAN KURTAZ, MARCUS SCHEELE3, FRANK SCHREIBERI, Boris
Ostrovskir!, and Ivan VarTaANvyanTs™® — 'Institute of Applied Physics,
University of Tiibingen, Tibingen, Germany — 2European XFEL, Schene-
feld, Germany — ’Institute of Physical and Theoretical Chemistry, Univer-
sity of Tiibingen, Tiibingen, Germany — *Federal Scientific Research Center
»Crystallography and photonics”, Moscow, Russia — >Deutsches Elektronen-
Synchrotron DESY, Hamburg, Germany — ®National Research Nuclear Univer-
sity MEPhI, Moscow, Russia
An interesting feature of several soft matter systems is so-called orientational or-
der, which can be referred to a specific orientation of anisotropic building blocks
or bonds between these blocks. Angular x-ray cross-correlation analysis (AX-
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CCA) is a method to analyze and interpret the anisotropy in x-ray scattering
data in order to reveal the details of the orientational order [1]. In combination
with scanning x-ray diffraction, AXCCA allows to study the spatial distribution
of the orientational order across a large sample. After explaining the concepts
of AXCCA, we will discuss the example of such a system, in which orientational
order exists at several length scales, namely a superlattice of PbS nanocrystals
coupled by organic linkers [2]. AXCCA allows to reveal the preferred orienta-
tion of nanoparticles with respect to the superlattice and the degree of angular
disorder.

[1] I. Zaluzhnyy, et al., Materials 12 3464 (2019)

[2] I. Zaluzhnyy, et al., Nano Lett. 17 3511 (2017)

CPP 14.12 Tue 16:30 CPPp
Deformation and magnetic properties of clusters of supracolloidal magnetic
polymers in microchannel under external field — «VLADIMIR ZVEREV', EKA-
TERINA Novak!, Soria KanTorovicH>!, and PEDRO SANCHEZ>! — ! Ural Fed-
eral University, Ekaterinburg, Russia — 2University of Vienna, Vienna, Austria
Advances in synthesis technology in the field of magnetoreactive polymer supra-
colloid structures (magnetic filaments) have reduced their characteristic sizes
from a few micrometers to a nanoscale. Magnetic filaments are actively stud-
ied theoretically, in particular their magnetic response, rheological properties,
which is important for predicting behavior in closed geometries, such as mi-
crochannels used in microfluidic devices. Microchannels are tubes whose size
does not exceed hundreds of microns, and has several advantages, for example,
a high speed of heat and mass transfer.

This work is devoted to the study of the effect of liquid flow and an external
magnetic field on the cluster placed in the microchannel. Clusters are made from
magnetic filaments that have chain, ring, X, and Y-like structures. It was found
that the external magnetic field enhances the deformation of the cluster in the
microchannel in a flow. Clusters can significantly change their shape, and they
can also demonstrate oscillating in time magnetic response. The use of magnetic
filaments in microchannels makes it possible to control hydrodynamic interac-
tions in the microfluidic system using an external magnetic field. The work was
supported by RSF 19-72-10033.

CPP 14.13 Tue 16:30 CPPp
Rheological properties of clusters of supracolloidal magnetic polymers in a
microchannel — sEKATERINA NOVAK', VLADIMIR ZVEREV', MARINA GUPALO',
and Soria Kantorovicu? — 'Ural Federal University, Ekaterinburg, Russia
— 2University of Vienna, Vienna, Austria
Construction of supracolloidal magnetic polymers (polymer-like structures in
which magnetic nanoparticles are playing the role of monomers) has recently
been made possible. The advantage of such magnetic polymers is that they keep
their structure independently from the temperature and that is why they can be
potentially used as an alternative to nanoparticles in magnetic fluids to obtain a
desired and easily controlled magnetic or rheological response. In this contribu-
tion, using Langevin dynamics simulations, we focused on solutions of filaments,
the magnetic nanoparticles in which are not only interacting via dipole-dipole
potential but also via short-range attractive forces (Lennard-Jones type). Such
filaments tend to aggregate in dense spherical droplet-like clusters. The result-
ing composite soft colloid is placed in the microchannel, where its behavior in
the shear flow is investigated, varying a wide range of system parameters. We find
that with time the cluster gets elongated. The higher is the shear rate the faster
the flow can deform the cluster. The work was supported by RSF 19-72-10033.

CPP 14.14 Tue 16:30 CPPp
Influence of monomers on the self-assembly of supramolecular magnetic
polymers — <ELENA PYANZINA, ANNA AKISHEVA, EGOR Naumov, and Eka-
TERINA Novak — Ural Federal University, Ekaterinburg, Russia
In this paper, an analysis of the qualitative change in equilibrium properties with
temperature, at different lengths of the polymer and the parameters of the dipole-
dipole interaction was carried out. As comparative characteristics were used: the
radius of gyration, magnetic moment, form factor and anisotropy of the shape
of the polymer. Both individual configurations were considered, and the best
types of each filament were identified, and a general comparison of the filaments
was made. The main objective of our work is to study the qualitative structural
change in the behaviour of the filament when particle’s size and shape are intro-
duced in various polymer configurations.

This work was supported by RSF grant * 19-72-10033.

CPP 14.15 Tue 16:30 CPPp
Investigation of polymer templated Silicon-Germanium hybrid materials
— oCHRISTIAN L. WEINDLI, CHRISTIAN FA]MANz, MICHAEL A. GIEBELZ,
MATTHIAS SCHWARZKOPF3, STEPHAN V. ROTH3’4, THOMAS F. FASSLERZ, and PE-
TER MULLER-BuscuBauM?® — !Technische Universitit Miinchen, PhysikDe-
partment, Lehrstuhl fiir Funktionelle Materialien, James-FranckStrale 1, 85748
Garching, Germany — 2Technische Universitiit Miinchen, Chemie-Department,
Lehrstuhl fiir anorganische Chemie mit Schwerpunkt Neue Materialien, Licht-
enbergstr. 4, 85748 Garching, Germany — >Deutsches Elektronen-Synchrotron
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DESY, Noetkestrafle 85, 22607 Hamburg, Germany — 4Royad Institute of Tech-
nology KTH, Teknikringen 34-35, 10044 Stockholm, Sweden — >Heinz Maier-
Leibniz Zentrum (MLZ), Technische Universitit Miinchen, Lichtenbergstr. 1,
85748 Garching, Germany

The latest research has revealed promising results for Silicon (Si) and Germa-
nium (Ge) as anode materials for lithium-ion batteries. Owing to their high
energy capacity these two semiconductors are considered auspicious alterna-
tives to graphite anodes. In this study, we set the goal of synthesizing a porous
silicon-germanium structure over a wet chemical sol-gel approach. Here, di-
block copolymer polystyrene-block-polyethylene oxide is used as the structur-
ing agent. Real-space data as SEM and microscopy images will be discussed with
reciprocal-space analysis methods as grazing-incidence x-ray scattering in small
and wide-angle mode.

CPP 14.16 Tue16:30 CPPp
A Further Step Towards Space: Perovskite and Organic Solar Cells
on a Rocket Flight — <LENNART REBI, MICHAEL BéHMERZ, BENJAMIN
PREDESCHLY', SEBASTIAN GROTT!, CHRISTIAN WEINDL', GORAN IvaNDEKIC!,
RENJUN GUOI, CHRISTOPH DREISSIGACKERS, RomMmAN GERNHAUSERZ, AN-
DREAS MEYER3, and PETER MULLER-BuscaBaumM™* — !TU Miinchen, Physik-
Department, Lehrstuhl fiir Funktionelle Materialien, Garching, Germany —
2TU Miinchen, Physik-Department, Zentrales Technologielabor, Garching, Ger-
many — *Deutsches Zentrum fiir Luft- und Raumfahrt (DLR), Institut fiir Ma-
terialphysik im Weltraum, Kéln, Germany — 4Heinz Maier-Leibnitz-Zentrum,
Garching, Germany
Perovskite and organic solar cells possess a revolutionary potential for space ap-
plications. The thin-film technologies enable an exceptional power per mass,
exceeding herein their inorganic counterparts by magnitudes. However, re-
search was mainly restricted to terrestrial conditions so far. We report the
launch of two types of perovskite and organic solar cells on a suborbital rocket
flight, possibly the first in-situ demonstration of these technologies in space
conditions [1]. Both, planar and mesoscopic nip-type perovskite solar cell
types exceeded an power per area of 14 mW cm-2, whereas both bulk het-
erojunction absorber PBDB-T:ITIC and PTB7-Th:PC71BM organic solar cell
types reached more than 4 and 7 mW cm-2, respectively. Our results high-
light both the suitability for near-Earth applications and the potential for deep
space missions of these technologies. [1] L. Reb et al., Joule 4,1880-1892 (2020),
doi.org/10.1016/j.joule.2020.07.004.

CPP 14.17 Tue 16:30 CPPp
Tuning ordered mesoporous titania films via introducing germanium
nanocrystals for high-efficient photoanodes — «N1aN LII, RENJUN GUOI, WEI
CHEN', VOLKER KORSTGENS', JuLian E. HEeGEeRr!, SUZHE LIANG', STEPHAN
V. Rote?, and PETER MUOULLER-BuscuBauM! — 'TU Miinchen, Physik-
Department, LS Funktionelle Materialien, James-Franck-Str. 1, 85748 Garching
— ’Deutsches Elektronen-Synchrotron (DESY), Notkestr. 85, 22607 Hamburg
With an aim of obtaining high-efficient titania photoanodes, we introduce ger-
manium nanocrystals (GeNCs) into a diblock-copolymer template-assisted sol-
gel synthesis. The surface and inner morphologies of the TiO2/GeNC films
with different GeNC content after thermal annealing are investigated via scan-
ning electron microscopy and grazing incidence small-angle X-ray scattering
(GISAXS). We also probe the crystal phase, chemical composition and op-
tical properties of the nanocomposite films via X-ray diffraction, transmis-
sion electron microscopy, X-ray photoelectron spectroscopy and ultraviolet-
visible spectroscopy. These measurements show that even with GeNC addition,
the nanocomposite films still have ordered nanostructures, good crystallinity
and high transparency. We further study the charge-carrier dynamics of the
nanocomposite films. Compared to pristine titania photoanodes, the GeNC ad-
dition enhances the electron transfer, resulting in an overall improvement in the
short-circuit current density (Jsc) of the exemplary perovskite solar cells and
thereby an enhanced solar cell efficiency.

CPP 14.18 Tue 16:30 CPPp
Degradation mechanisms of perovskite solar cells under different atmo-
spheres — «RENJUN GUOI, Dan HANZ, WEI CHENI, LINJIE DA13, KanGyu 113,
Qru XIONG4, SAISAI LIS, LENNART K. REBI, MANUEL A. SCHEELI, SHAMB-
HAVI PRATAPI, Nian LIl, SHANSHAN YINl, TIANXIAO XIAOI, SUZHE LIANGI,
ANNA-LENA OECHSLEI, CHRISTIAN L. WEINDLI, MATTHIAS SCHWARTZKOPF6,
HUBERT EBERTZ, PENG GA04, MINGJIAN YUANS, NEeiL C. GREENHAM3, SAMUEL
D. STRANKS®, STEPHAN V. ROTH®, RICHARD H. FRIEND’, and PETER MULLER-
BuscuBaumM' — ' TU Miinchen — James-Franck-Str. 1 — 3University of Cam-
bridge — *Chinese Academy of Sciences — >Nankai University — Deutsche
Elektronen-Synchrotron
We investigate degradation mechanisms of perovskite solar cells under different
atmospheres via in-situ grazing-incidence X-ray scattering methods. We reveal
that the atmosphere has a significant influence on degradation mechanisms for
materials. This results in the degradation of the performances of the relative per-
ovskite solar cells. Compared with the performance evolution of perovskite solar
cells under vacuum, they show better stability under nitrogen.
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CPP 14.19 Tue 16:30 CPPp
Fabrication of Plasmonic Nanostructures for Perovskite Solar Cells —
*TIANFU GuUAN, RENJUN GuO, SUZHE LIANG, NIaAN Li, CHRISTIAN L.
WEINDL, WEI CA0, and PETER MULLER-BuscHBAUM — Technische Universitit
Miinchen, Physik-Department, Lehrstuhl fiir Funktionelle Materialien, James-
Franck-Strafle 1, 85748 Garching, Germany
Plasmonic metal-dielectric composites have fascinated a great interest in various
fields, owning to surface plasmon resonance (SPR) induced by incident radia-
tion. The utilization of plasmonic metal nanoparticles (NPs) is frequently pro-
posed as a means to further enhance the light absorption in the broad wavelength
range as well as to facilitate charge collection and transport in the Perovskite so-
lar cells (PSCs). To regulate the plasmonic spectral of Au NPs for maximizing
the enhancement in light-absorption of the photoactive layer, we assembly the
metal NPs onto the electron collecting layer to broaden the absorption band of
the photoactive layer of optoelectronic devices as well as enhance the device per-
formance. To meet the optimal results, we put effort into the plasmonic structure
regulation, since the size, density, and morphology of the Au NPs will influence
the crystallinity of the perovskite film and charge transportation of the device.
Besides, grazing incidence small angle x-ray scattering (GISAXS) is used to study
the quality of the plasmonic structure interface in terms of contact area between
the perovskite film. Grazing incidence wide angle x-ray scattering (GIWAXS) is
used to probe the crystalline structure of the perovskite active layers.

CPP 14.20 Tue 16:30 CPPp
Mesoporous ZnO thin films templated by diblock copolymer for photo-
voltaic applications — «TING T1AN and PETER MULLER-BuscHBAUM — Physik-
Department, Lehrstuhl fiir Funktionelle Materialien, Physik Department, Tech-
nische Universitat Miinchen, James-Franck-Str. 1, 85748 Garching, Germany
Mesoporous ZnO thin films have received tremendous attention in photovoltaic
applications in view of their high electron mobility, high transparency, high sur-
face area, and the superior ability to host the light-harvesting dyes and the or-
ganic molecular hole-transporters. Considering the morphology-dependent de-
vice performance, a precise control over the ZnO nanostructures is indispens-
able. Among the existing synthesis routes, the diblock copolymer assisted sol-
gel approach has been corroborated to be powerful and promising in morphol-
ogy tunability. Benefiting from the solution processability, this wet chemical
method can be integrated into industry-based processes and thus achieve large-
scale, high-throughput production. In the present work, an amphiphilic diblock
copolymer is used as the structure-directing agent and slot-die coating is applied
as the deposition technique to fabricate the mesoporous ZnO films. Effects of
ZnO precursor variables on morphological evolution of mesoporous ZnO films
are systematically investigated. The generated nanostructures on the film sur-
face are detected by surface-sensitive scanning electron microscope (SEM), and
the inner morphologies are probed by reciprocal-space Grazing-incidence small
angle X-ray scattering (GISAXS) technique.

CPP 14.21 Tue 16:30 CPPp
The Role of CsBr in Crystal Orientation and Optoelectronic Properties of
MAPbDI3-based devices — YUQIN Zou and ¢PETER MULLER-BUSCHBAUM —
Physik-Department, Lehrstuhl fiir Funktionelle Materialien, Technische Univer-
sitdt Miinchen, James-Franck-Strafle 1, 85748 Garching, Germany.
Orientations of crystal planes impact on the behavior of photogenerated charge
carriers and are vital for developing electronic properties of the corresponding
devices. Herein, we propose a facile approach to reveal the effect of crystal stack-
ing on the charge carrier kinetics by doping CsBr to enable the formation of a
mix-cations perovskite phase. We use grazing-incidence wide-angle X-ray scat-
tering to probe the crystal structure and crystal orientation of the mixed per-
ovskite thin films revealing the effect of the extrinsic CsBr doping on the stack-
ing of the crystal planes. TPV, TPC and tDOS are also used to detect the recom-
bination of the photo-generated charge carriers and the trap-state density. It is
demonstrated that CsBr compositional engineering can effectively tune the crys-
tallization orientation of crystal planes, reduce trap-state density and facilitate
photocarriers transport across the absorber and pertaining interface simultane-
ously. This strategy provides a unique insight into the underlying relationship
among the stacking pattern of crystal planes, the photo-generated charge carrier
transport and the optoelectronic properties of solar cells.

CPP 14.22 Tue 16:30 CPPp
The Role of CsBr in Crystal Orientation and Optoelectronic Properties of
MAPDI3-based devices — «YUQIN Zou and PETER MULLER-BUSCHBAUM —
Physik-Department, Lehrstuhl fiir Funktionelle Materialien, Technische Univer-
sitdt Miinchen, James-Franck-Strafie 1, 85748 Garching, Germany.
Orientations of crystal planes impact on the behavior of photogenerated charge
carriers and are vital for developing electronic properties of the corresponding
devices. Herein, we propose a facile approach to reveal the effect of crystal stack-
ing on the charge carrier kinetics by doping CsBr to enable the formation of a
mix-cations perovskite phase. We use grazing-incidence wide-angle X-ray scat-
tering to probe the crystal structure and crystal orientation of the mixed per-
ovskite thin films revealing the effect of the extrinsic CsBr doping on the stack-
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ing of the crystal planes. TPV, TPC and tDOS are also used to detect the recom-
bination of the photo-generated charge carriers and the trap-state density. It is
demonstrated that CsBr compositional engineering can effectively tune the crys-
tallization orientation of crystal planes, reduce trap-state density and facilitate
photocarriers transport across the absorber and pertaining interface simultane-
ously. This strategy provides a unique insight into the underlying relationship
among the stacking pattern of crystal planes, the photo-generated charge carrier
transport and the optoelectronic properties of solar cells.

CPP 14.23 Tue 16:30 CPPp
Energetics of lead halide perovskite precursors in different solvents —
+RICHARD SCHIER' , ANA M. VALENCIAZ, and CATERINA COCCHI?
"Humboldt-Universitit zu Berlin, Physics Department and IRIS Adlershof,
12489 Berlin — %Carl von Ossietzky Universitit Oldenburg, Institute of Physics,
26129 Oldenburg
Lead halide perovskites (LHPs) are an emerging class of solution-processed ma-
terials with excellent photovoltaic performance. The characterization of LHP
precursors in solution is a lively field of research [1,2]. The goal of this work is
to understand the formation and stability of LHP precursors with chemical for-
mula PbX,M,, where X = Cl, Br, I, and M = ACN, DMFE, DMSO, GBL, NMP, PC
are common solvents. In the framework of density functional theory coupled
to the polarizable continuum model to implicitly simulate the solvent cavity, we
calculate and analyze the energetics, the structural properties, and the charge
distribution in all these systems. Our calculated formation energies are qualita-
tively in agreement with earlier reports in the literature [1]. With this systematic
study we are able to capture general trends: heavier halide species lead to a lower
formation energy; the explicit solvent exerts a clear influence on the energetics,
on the Pb-X bond lengths and angle, and on the charge distribution within the
complexes.

[1] Radicchi et al., ACS Appl. Energy Mater. 2, 3400 (2019)
[2] A.M. Valencia et al., arXiv2012.08440

CPP 14.24 Tuel16:30 CPPp
Imaging ferroelastic domains in MAPbI3 perovskite via dual frequency reso-
nance tracking PFM — «I.xa HErMES' and RomAIN STomp? — 'Park Systems
Europe, Mannheim, Germany — 27Zuerich Instruments, Zuerich, Switzerland
Methylammonium lead iodide (MAPbI3)-based photovoltaics have seen an as-
tonishing increase in efficiency due to their unique optoelectronic properties
and charge carrier dynamics. Since MAPbI3 crystallizes in a tetragonal per-
ovskite structure, researchers have long suggested that the material features fer-
roelectricity and -elasticity. These ferroic properties are thought to influence
the charge carrier dynamics in MAPbI3 photovoltaics and, therefore, require
accurate characterization on the nanoscale, available via piezoresponse force mi-
croscopy (PEM). On thin films, a weak piezoresponse often has to be enhanced
by driving the electrical excitation of PFM close to the contact resonance of the
cantilever. However, the contact resonance depends on a consistent tip-sample
contact. Therefore, a high surface roughness or nanomechanical heterogeneities
can introduce crosstalk, which exacerbates the data interpretation of the elec-
tromechanical sample response. Dual frequency resonance tracking (DFRT) im-
proves the stability of the resonance enhancement via an additional frequency
feedback that compensates for shifts in the contact resonance. Here, we demon-
strate that DFRT-PFM, available by combining Park Systems atomic force micro-
scopes with Zurich Instruments lock-in amplifiers, not only reduces crosstalk,
but also resolves the mechanical contrast on ferroelastic MAPbI3 domains.

CPP 14.25 Tue16:30 CPPp
In situ phase and texture evolution tracking of the formation of 2-step slot-
die coated perovskite by GIWAXS — eMANUEL A. SCHEELI, LENNART K. REBI,
RENJUN GUOI, MATTHIAS SCHWARTZKOPFZ, STEPHAN V. ROTHZ’S, and PETER
MuLLER-BuscaBauM™® — !Lehrstuhl fiir Funktionelle Materialien, Physik-
Department — 2DESY, Notkestr. 85, 22607 Hamburg — 3KTH, Department of
Fibre and Polymer Technology, SE-100 44 Stockholm, Sweden — *Heinz Maier-
Leibnitz Zentrum (MLZ), Technische Universitdt Miinchen, Lichtenbergstr. 1,
85748 Garching, Germany
Perovskite slot-die coating is a particularly promising deposition technique for
hybrid perovskite materials. With the perovskite absorber being the key ma-
terial in a perovskite-based solar cell, structure and morphology control dur-
ing thin-film formation is essential in achieving highly homogeneous and thus
high-performing layers. To better understand morphology evolution and crys-
tallization kinetics during film formation, we investigate the conversion of slot-
die coated lead iodide and slot-die coated methylammonium iodide to perovskite
by in situ grazing-incidence wide-angle X-ray scattering (GIWAXS). In this work
we study the thin-film morphology and texture evolution during the conversion
process triggered by thermal annealing. We track the phase evolution and their
respective crystal orientations over time. As a reference, we investigate spin-cast
Pbl,, MAI and MAPbI; thin-films and look into methodical differences that can
influence the film quality.
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CPP 14.26 Tue 16:30 CPPp
Optical properties and structure-property relations of lead halide perovskite
building blocks in solution — sGrovaNNI Procipal, RICHARD SCHIER?,
ANA VaLENcIA'?, and CATERINA CoccHI™? — lInstitut fur Physik, Carl von
Ossietzky Universitit Oldenburg — Institut fur Physik and IRIS Adlershof,
Humboldt- Universitit zu Berlin
Hybrid metal-halide perovskites are among the best solution-processed cur-
rently available. Characterizing the optical properties of their building blocks
in different solvents is of great relevance to link the behavior of the precursors to

the final thin films. Here, we focus on PbX, (Sol), compounds in solution, where
X=Cl, Br, and I, and Sol=DMSO, GBL, ACN, DME PC, NMP, and, in the first-
principles framework of time dependent density functional theory coupled to
the polarizable continuum model, we unravel their electronic and optical prop-
erties. We find that the energy of the frontier orbitals is modulated by the choice
of the solvent. Specifically, electron-withdrawing groups lead to a downshift of
both HOMO and LUMO while electron-donating groups give rise to the oppo-
site effect. We also find dependence of the band-gap on the halide species, which
in turns influences the energy of the absorption onset.

CPP 15: Nationale Forschungsdateninfrastruktur (NDFI) (joint session BP/CPP/DY/SOE)

Time: Tuesday 17:45-18:30

Details will be published in a programme update.

Location: BPb

CPP 16: Charged Soft Matter - organized by Joachim Dzubiella (Albert Ludwigs University Freiburg,
Freiburg)

Time: Wednesday 9:00-15:20

Invited Talk CPP16.1 Wed9:00 CPPa
Charging Dynamics and Structure of Ionic Liquids in Nanoporous Superca-
pacitors — ¢CHRISTIAN HOLMI, KoONRAD BREITSPRECHERl, and SVYATOSLAV
Konprat>® — 'University of Stuttgart, Institute for Computational Physics,
Stuttgart, Germany — 2Department of Complex Systems, Polish Academy of
Sciences, Warsaw, Poland — *MPI for Intelligent Systems, Stuttgart, Germany
Tonic liquid based nanoporous supercapacitors have recently attracted much at-
tention as energy storage devices with remarkable cyclability and high power and
energy densities. However, their use in high-frequency applications might be
limited by a relatively slow charging process. In this talk we will first discuss the
fluid structure within a slit-pore capacitor system [1] and report on the physics
and optimization of charge/discharge cycles [2,3]. We will see that step-voltage
charging is slow because the coions become trapped in narrow pores of the su-
percapacitor electrodes. To avoid such trapping, a slow voltage-sweep charging
is considered, which allows to accelerate the overall charging process substan-
tially. We furthermore examine in detail the discharging process, as well. At the
end we will report on the effect of nonlinear charging functions.

[1] K. Breitsprecher, M. Abele, S. Kondrat and C. Holm, J. Chem. Phys., 147,
104708 (2017).

[2] K. Breitsprecher, C. Holm, S. Kondrat, ACS nano 12 (10), 9733-9741 (2018)

[3] K. Breitsprecher et al., Nature Communications 11, 6085 (2020)

CPP16.2 Wed9:40 CPPa
Structure and Relaxation Dynamics of an Ionic Liquid in Molecular Scale
Confinement. — eMARKUS MEZGERI, HEeNNING WEISSI, JuLiAN MARSI, Hsiu-
WEI CHENGZ, MARKUS VALTINERZ, and VEIjo HONKIMAEKT> — '"Max Planck
Institute for Polymer Research, Mainz, Germany — >TU Wien, Institute for Ap-
plied Physics, Vienna, Austria — 3ESRF-The European Synchrotron, Grenoble,
France
Structure and dynamics of a confined ionic liquids were probed by an in-situ
X-ray surface force apparatus in plane-cylinder geometry. Our novel device can
shear, compress and decompress soft matter within a precisely controlled slit
pore confinement. Complementary structural information is obtained by X-ray
scattering and simultaneous force measurements. Here, we present results from
the wet ionic liquid C;ymim*Cl™ in its columnar liquid crystalline mesophase.
Defect-formation and structural relaxation processes in confinement were stud-
ied as reaction to external stimuli. The observed mesoscopic orientation induced
by oscillatory shear is explained by the anisotropic mobility of the amphiphilic
cations.
Reference: H. Weiss et al., Structure and Dynamics of Confined Liquids -
Challenges and Perspectives for the X-Ray Surface Force Apparatus. Langmuir,
DOI: 10.1021/acs.langmuir.9b01215 (2019).

CPP16.3 Wed 10:00 CPPa

Hydrogen Bonding and Charge Transport in a Protic Polymerized Ionic Lig-
uid — ¢ARTHUR MARKUS ANTONI’Z, FALK FRENZELZ, Jrayin Yuan® , MARTIN
Tress™>?, and FRIEDRICH KREMER® — ' The University of Sheffield, Department
for Physics & Astronomy, Sheffield, UK — 2Leipzig University, Peter Debye In-
stitute for Soft Matter Physics, Leipzig, Germany — >Stockholm University, De-
artment of Materials and Environmental Chemistry, Stockholm, Sweden —
University of Tennessee Knoxville, Department of Chemistry, Knoxville, USA
Fourier transform infrared and broadband dielectric spectroscopy are combined
in order to study hydrogen bonding and charge transport in the protic polymer-
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ized ionic liquid PAAPS in a wide temperature range from 170 to 300K. While
the former allows to follow the formation of hydrogen bonds, the latter enables
to record the complex conductivity in the spectral range from 10-2 to 10+9 Hz.
On the one hand, the formation of the H-bond network exhibits a pronounced
thermal hysteresis, whereas, on the other hand, the effective conductivity is re-
versibly affected by temperature. In combination with the fact that the conduc-
tivity changes with temperature by orders of magnitude, whereas the integrated
absorbance of the N-H stretching vibration(being proportional to the number
density of protons in the hydrogen bond network) changes only by a factor of 4,
it is concluded that charge transport takes place predominantly due to dynamic
glass transition assisted hopping conduction mechanism and is not significantly
affected by the establishment of H-bonds.

40 min. meet the speakers - break

Invited Talk CPP 164 Wed11:00 CPPa
Interaction of polyelectrolytes with proteins — «MATTHIAS BALLAUFF — In-
stitut fiir Chemie und Biochemie, Freie Universitaet Berlin
Highly charged natural polyelectrolytes as e.g. DNA or heparin play a central
role in many biochemical processes and their interaction with proteins is of cen-
tral importance as shown in a recent review [1]. In this lecture I shall review our
studies of the interaction of well-defined synthetic polyelectrolytes with proteins
that have been done mainly by calorimetry. There are two main factors that lead
to the formation of a complex between a protein and a polyelectrolyte: i) The re-
lease of counterions condensed onto the highly charged polyelectrolyte, and ii)
The release or uptake of water during complex formation. Systematic studies of
the binding constant K}, as the function of temperature and salt concentration al-
low us to determine the contributions of both effects to the measured free energy
of binding. This can be demonstrated by analyzing the binding of model proteins
as lysozyme to well-characterized polyelectrolytes as e.g. heparin. The improved
understanding of this complex formation may have direct medical implications
as e.g. for virus binding to cell surfaces.

[1] K. Achazi, et al., Understanding the Interaction of Polyelectrolyte Archi-
tectures with Proteins and Biosystems, Angew. Chem. Int. Ed. 2020, 59, 2-25

CPP 16.5 Wed11:40 CPPa
Identifying Mg2+ binding sites on RNA using MD simulations with acceler-
ating force field parameters — ¢KaRrA K. GROTZ, SERGIO CRUZ-LEON, and Na-
DINE SCHWIERZ — Department of Theoretical Biophysics, Max Planck Insitute
of Biophysics, Frankfurt am Main, Germany

Mg** is one of the most abundant cations in living cells. The interaction be-
tween Mg®" and RNA is essential for folding and function of the diverse macro-
molecule. Mg®" binds specifically and often directly (inner-sphere configura-
tion) to individual functional groups on the RNA. Localizing MgZJr binding sites,
however, is challenging as Mg”* is silent in most experimental approaches. Com-
putational studies can contribute molecular insight but often struggle with insuf-
ficiently accurate atomistic models (force fields) and time scale limitations due
to the slow binding kinetics of Mg?* (millisecond time scale). Herein, we use a
recently developed Mg®* force field that is based on ion-water and ion-ion prop-
erties of Mg?". In addition, the parameters are chosen such that they accelerate
the water exchange kinetics (nanosecond time scale). Moreover, by incorporat-
ing experimental binding affinities towards specific RNA binding positions, we
are able to find Mg2+ binding sites on RNA using unbiased simulations and ob-
serve outer-to-inner sphere transitions directly.
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CPP 16.6 Wed 12:00 CPPa
Thermodynamics of Liquid-Liquid Phase Separation: Isothermal Titration
Calorimetry of Hyaluronic Acid-Chitosan Coacervates — FATMA AKCAY
OGUR and *A. Basak KayiTMAZER — Department of Chemistry, Bogazici Uni-
versity Istanbul, Turkey
Complex coacervation occurs between two oppositely charged macromolecules
which undergo into macroscopic phase separation and form two liquid phases:
polyelectrolyte-rich (coacervate) and polyelectrolyte-poor (dilute) liquid phases.
Coacervation has several application areas including processed food, cosmet-
ics, paper, textiles, pharmaceutical and food industries. For these industrial ap-
plications, coacervation is utilized as a microencapsulation platform for drugs,
aromas, odors, and flavors. Recently, liquid-liquid phase separation has been
shown to be the driving force for membraneless organelles such as P granulles
and nucleoli. In our study, we have studied a model coacervate system com-
posed of two oppositely charged polysaccharides, i.e. namely, hyaluronic acid
(HA) and chitosan (CH). Isothermal titration calorimetry (ITC) was employed
to understand the thermodynamic characteristics of complex coacervation be-
tween these semi-flexible biopolymers. Parameters (molecular weight of poly-
electrolytes, pH and ionic strength of the medium, and temperature) that affect
coacervation were studied to determine enthalpy change and binding constant
of soluble complexes, stoichiometry of soluble complexes and coacervation, and
molar heat capacity.

CPP16.7 Wed12:20 CPPa
The effects of ethanol and salt on the phase behavior and interactions of aque-
ous protein solutions — RAJEEVANN UTHAYAKUMAR, *FLORIAN PLATTEN, and
STEFAN U. EGELHAAF — Condensed Matter Physics Laboratory, Heinrich Heine
University, Diisseldorf, Germany
The addition of salts or organic solvents to aqueous protein solutions alters their
optical and dielectric properties and the interactions between protein molecules
in these mixtures change accordingly. Here, the effects of NaCl and ethanol on
the phase behavior and interactions of protein solutions are studied in terms of
the metastable liquid-liquid phase separation and second virial coefficient B, of
lysozyme solutions. The cloud-point temperatures are reduced and raised by the
addition of ethanol and salt, respectively. The extended law of corresponding
states allows to interpret these trends as changes of B,. Remarkably, the depen-
dence of B, on both salt and ethanol content is quantitatively modelled by the
DLVO theory.

CPP 16.8 Wed 12:40 CPPa
Surface morphology of polyelectrolyte multilayer films with short PSS chains
in water and air. Determining the surface elasticity of nanofilms — <AMIR
AZINFAR', SVEN NEUBER!, JiRE VANECEK?, MARIE VANCOVA>?, Jan STERBA®?,
ViTEZSLAV STRANAK’, and CHRISTIANE A. HELm! — !Institute of Physics -
Angewandte Physik, University of Greifswald, Felix-Hausdorff-Str. 6, 17489
Greifswald, Germany — ’Institute of Parasitology, Biology Centre, Czech
Academy of Sciences, Branisovska 31, 37005 Ceske Budejovice, Czech Republic
— 3Faculty of Science, University of South Bohemia, Branisovska 1760, 37005
Ceske Budejovice, Czech Republic
We investigate the surface topology of polyelectrolyte multilayers made by se-
quential adsorption of polycations (PDADMA) and polyanions (low molecu-
lar weight PSS). We observed a buckling pattern of the film surface in air. The
surface roughness 0(AFM) in air was always twice as high as in water. For PSS-
terminated films, the periodicity of buckling patterns increased with the number
of deposited layers from 185 nm to 225 nm. If the multilayer film was terminated
with a PDADMA layer, the surface roughness 0(AFM) and the surface period-
icity of buckling patterns were always bigger than for films terminated by a PSS
layer. This is attributed to the larger surface coverage of PDADMA caused by its
small linear charge density. We determined the surface elasticity of the film in
non-linear and linear growth regimes by considering the surface strain and sur-
face periodicity, and thus provide a model to explain the increase of periodicity
with film thickness.

60 min. meet the speakers - break

CPP16.9 Wed 14:00 CPPa
Ion Correlations in Polymer Electrolyte-Ionic Liquid Mixtures — <DipDO
Dippens! and ANpreas HEuer'™? — 'Helmholtz-Institut Miinster (IEK-12),
Forschungszentrum Jiilich GmbH, Corrensstrafie 46, 48149 Miinster — “Institut
fiir physikalische Chemie, Westfalische Wilhelms-Universitidt Miinster, Cor-
rensstraf3e 28/30, 48149 Miinster
Polymer electrolytes consist of a salt dissolved in a polymer matrix such as
poly(ethylene oxide) (PEO). Even though they are safer than conventional liquid
battery electrolytes due to their reduced flammability and mechanical stability,
their conductivity is still too low for an efficient technological use. To overcome
this issue, the use of small molecular shuttles has been proposed [1], in which the
cation of an ionic liquid (IL) is functionalized by a small oligoether side chain

69

that can detach the lithium ions from the slow PEO chains. Additionally, dy-
namically coupling the lithium ions to the IL cations in this way, it is expected
that IL and lithium cations move cooperatively in an electric field, giving rise to
enhanced transference numbers. In this contribution, we explicitly check this as-
sumption by focusing on dynamical ion correlations within the electrolyte, and
on their impact on the lithium transference number as well as the overall con-
ductivity.

[1] D. Diddens et al., J. Electrochem. Soc. 2017, 164, E3225

CPP 16.10 Wed 14:20 CPPa
Local dynamics of ionic liquids studied by H NMR — «ELISA STEINRUCKEN,
MANUEL BECHER, and MICHAEL VOGEL — TU Darmstadt, Institut fiir Physik
kondensierter Materie, Hochschulstr. 6, 64289, Darmstadt, Germany
Room Temperature Ionic Liquids (RTIL) are molten salts at ambient tempera-
tures with a low vapour pressure. They are usually glass forming systems with
complex and heterogeneous molecular dynamics. The combination of differ-
ent cations and anions opens wide ranges of chemical and physical applications.
Hence, a fundamental understanding of molecular dynamics is of crucial impor-
tance. Here, RTILs consisting of imidazole-based cations and [Tf2N]~ or [BF,]~
anions are in the experimental focus. Nuclear Magnetic Resonance (NMR) pro-
vides access to dynamics in wide ranges of time and length scales [M. Becher, E.
Steinriicken, M. Vogel, . Chem. Phys., 2019]. Due to its isotope selectivity the
dynamical behaviour of the two components can be distinguished. Performing
’H NMR experiments on selectively deuterated cations, we gain deep insights
into their microscopic rotational dynamics. When combining *H spin-lattice
relaxation (SLR) and stimulated-echo (STE) experiments, rotational correlation
times of the cation are accessible from the fast motion in the liquid to slow glassy
dynamics. Furthermore, we exploit that STE experiments and “H line-shape
analysis provide information about the mechanism for rotational motion. Al-
together, we show that application of 2H NMR to RTIL has a high potential for
the characterization of time scales and motional mechanisms of the molecular
dynamics.

CPP 16.11 Wed 14:40 CPPa
Chain length dependent structure and dynamics of imidazolium based ionic
liquids mixtures with water. — «SEBASTIAN KLOTH and MiCHAEL VOGEL — TU
Darmstadt, Institut fiir Physik kondensierter Materie, Hochschulstr. 6, 64289,
Darmstadt, Germany
With the huge amount of possible combinations, ionic liquids can be tailored to
different properties and applications. In particular, the application as a "green"
solvent is of high interest. For this a fundamental understanding of structure
and dynamics on the composition of the ionic liquid is needed. Moreover it is
important to analyze of the properties in mixtures with other substances, in par-
ticular water. To obtain a better understanding of these properties we perform
molecular dynamics simulations. The studied ionic liquids are made of 1-alkyl-
3-methylimidazolium cations and BF, or NO; anions and contain water. As
in previous studies [1,2] we analyze structure and dynamics on various length
scales, but this time for different alkyl chain lengths and water mole fractions. Of
special interest are two properties of the mixtures. First, the existence of struc-
tural inhomogeneity and second, the transport between different clusters. Thus,
our approach enables detailed insights into structure-dynamics relations in ionic
liquids.
[1] Pal, T. et al., ChemPhysChem, 18 (16), 2017
[2] Pal, T. et al., J. Chem. Phys., 150 (12), 2019

CPP 16.12 Wed 15:00 CPPa
Correlation Length in Concentrated Electrolytes: Insights from All-Atom
Molecular Dynamics Simulations — SAMUEL W. COLESl, «CHANBUM PaRk>? N
Rourr Nikam®? , MATE] KANDUéZ’4, JoacHIM DzuBIELLA® , and BENJAMIN
RoTeNBERG' — !Sorbonne Université, CNRS, Physicochimie des électrolytes
et nanosystémes interfaciaux, UMR PHENIX, 4 pl. Jussieu, F-75005, Paris,
France — “Research Group for Simulations of Energy Materials, Hahn-Meitner-
Platz 1, D-14109, Berlin, Germany — 3Institut fiir Physik, Humboldt-Universitéit
zu Berlin, Newtonstr. 15, D-12489, Berlin, Germany — *Jozef Stefan Insti-
tute, Jamova 39, SI-1000, Ljubljana, Slovenia — °Applied Theoretical Physics-
Computational Physics, Physikalisches Institut, Albert-Ludwigs-Universitit
Freiburg, Hermann-Herder-Str. 3, D-79104, Freiburg, Germany
We study the correlations length of the charge-charge pair correlations in con-
centrated electrolyte solutions by means of all-atom, explicit-solvent molecular
dynamics simulations. We investigate LiCl and Nal in water, as well as two more
complex, molecular electrolyte systems of LiTFSI, in water and in DME/DOL.
We observe a Debye-Hiickel like regime at low concentration, followed by a min-
imum reached when d/Ap = 1, where Ap is the Debye correlation length and d
the effective ionic diameter, and an increasing correlation length with salt con-
centration in very concentrated electrolytes. As in the experiments, we find that
the screening length in the concentrated regime follows a universal scaling law
as a function d/Ap, for all studied salts. However, the scaling exponent is signif-
icantly lower than the experiments.
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CPP 17: Theorie and Simulation - organized by Jens-Uwe Sommer (Leibniz-Institut fiir
Polymerforschung Dresden, Dresden) (joint session CPP/DY)

Time: Wednesday 9:00-14:40

Invited Talk CPP17.1 Wed 9:00 CPPb
Data-driven methods in polymer physics: exploring the sequence space of
copolymers — ¢MARCO WERNER — Institut Theorie der Polymere, Leibniz-
Institut fiir Polymerforschung Dresden, Germany

Automated experiments and computer simulation on highly parallel machines
push the limits of available data in the field of soft matter. For long polymer
chains, however, any data set can cover only a marginal fraction of the giant
chemical space and conformation space involved. In this talk, data-driven strate-
gies are discussed that allow to trace hidden physical patterns in both giant spaces
by machine learning algorithms. The discussion is centered on the example of hy-
drophilic / hydrophobic copolymers and their interaction with lipid membranes.
A neural network has been trained to predict the free energy landscape near a
membrane as a function of the copolymer sequence. The information learned
in the hidden neural layers showed that the neural network compressed the se-
quence space into physically meaningful latent variables. The learned semantics
was transferable between simulation data with different levels of coarse-graining,
and allowed for a physics-informed inverse search for the copolymer sequence
leading to the smallest translocation time through the membrane.

CPP 172 Wed 9:40 CPPb

Prediction of iSCFT chemical potentials via machine learning — «Lucia
MILENA WESENBERG, LUDWIG SCHNEIDER, and MARCUS MULLER — Institute
for Theoretical Physics, Georg-August University Gottingen, Friedrich-Hund
Platz 1, 37077 Géttingen
We explore the use of machine learning to enhance the simulation of polymeric
nanostructures. Self-assembly of symmetric diblock copolymers is the chosen
testing system for this purpose. Such polymers consist of two equally long blocks
of different monomer types. As the two monomer types are incompatible but
linked in the center of each polymer, microphase separation occurs.

Simulations of such systems often pose a challenge for particle-based models
as large systems and concomitantly long time scales need to be simulated. Thus,
continuum models are employed, where the dynamics can be conceived as the
relaxation towards the local minimum of a free-energy basin and jumps between
such basins. These models reduce the degrees of freedom by integrating out the
molecular degrees of freedom. The most detailed continuum model investigated
here is the Self-Consistent Field Theory (SCFT). Unfortunately, dynamic SCFT
requires the chemical potential of a non-equilibrium morphology that is com-
putationally expensive to obtain. The SCFT potential calculation is an iterative
process, and the stability of the algorithm depends heavily on the starting con-
ditions. Our machine learning approach provides suitable initial conditions for
the algorithm. The predicted starting conditions reduce the computational effort
considerably.

CPP 17.3 Wed 10:00 CPPb
Machine Learning Inter-Atomic Potentials Generation Driven by Active
Learning: A Case Study for Amorphous and Liquid Hafnium dioxide —
«ANAND NARAYANAN KRISHNAMOORTHY %, GANESH SIVARAMAN®, MATTHIAS
BAURI, CHRISTIAN HOLMI, CHRIS BENMOREG, MARIUS STAN4, GABOR CSANYI® s
and ALVARO VAZQUEZ-MAvAGOITIA’ — !Institute for Computational Physics,
University of Stuttgart — “Helmholtz Institute Muenster — 3Leadership Com-
puting Facility, Argonne National Laboratory - USA — *Applied Materials Divi-
sion, Argonne National Laboratory, USA — °Department of Engineering, Uni-
versity of Cambridge, UK — ®X-ray Science Division, Argonne National Labo-
ratory, USA — 7Computational Science Division, Argonne National Laboratory,
USA
We propose a novel active learning scheme for automatically sampling a min-
imum number of uncorrelated configurations for fitting the Gaussian Approx-
imation Potential (GAP). We apply this scheme to a Hafnium dioxide (HfO2)
dataset generated from a melt-quench ab initio molecular dynamics (AIMD)
protocol. Our results show that the active learning scheme, with no prior knowl-
edge of the dataset is able to extract a configuration that reaches the required
energy fit tolerance. Further, molecular dynamics (MD) simulations performed
using this active learned GAP model on 6144-atom systems of amorphous and
liquid state elucidate the structural properties of HfO2 with near ab initio preci-
sion and quench rates (ie 1.0 K/ps) not accessible via AIMD.

40 min. meet the speakers - break

CPP17.4 Wed11:00 CPPb
BoltzmaNN: Heuristic inverse design of pair potentials using neural net-
works — ¢FABIAN BERRESSEM, MIHIR KHADILKAR, and ARASH NIKOUBASHMAN
— Institute of Physics, Johannes Gutenberg University Mainz, Germany
In this work, we investigate the use of neural networks (NNs) to devise effective
equations of state from a given isotropic pair potential using the virial expansion
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of the pressure. We train the NNs with data from molecular dynamics simu-
lations, sampled in the NVT ensemble at densities covering both the gas- and
liquid-like regime. We find that the NNs provide much more accurate results
compared to the analytic estimate of the second virial coefficient derived in the
low density limit. Further, we design and train NNs for computing the poten-
tial of mean force from the radial pair distribution function, g(r), a procedure
which is often performed for coarse-graining applications. Here, we find that a
good choice for the loss function is crucial for an accurate prediction of the pair
potentials. In both use cases, we study in detail how providing additional infor-
mation about forces and the density impacts the performance of the NNs. We
find that including this additional information greatly increases the quality of
the predictions, since more correlations are taken into account. Further, the pre-
dicted potentials become smoother and are in general much closer to the target
potential.

CPP17.5 Wed11:20 CPPb
PolyEC - an event-chain framework — ¢ToBias A. KAMPMANN, DaviD
MULLER, and JaN KIERFELD — TU Dortmund University, Germany
PolyEC is a MC event chain framework suitable for simulation of various col-
loidal systems. We focus on modularity and extensibility to simulate heteroge-
nous systems. In event-chain simulations only one particle is active and interac-
tions can be treated independently by factorization, which allows for a highly
modular approach for particlebased simulations. Albeit ECMC is a monte-
carlo method, a single event-chain is deterministic (although there are modi-
fications where this is not true). One crucial feature of this method is that each
state a piece-wise deterministic event-chain visits between events are properly
(Boltzmann-) weighted. This opens the possibility to measure observables like
pressure or the distribution of energy on the fly. As examples we show needle-
colloid mixtures and an active particle system.

Invited Talk CPP17.6 Wed11:40 CPPb
Structure formation in drying films and droplets *ARASH
NIKOUBASHMANI, MICHAEL HOWARDZ, MICHAEL KAPPL3, and HANS-JURGEN
Butt® — !Johannes Gutenberg University Mainz, Mainz, Germany — > Auburn
University, Auburn (AL), USA — *Max Planck Institute for Polymer Research,
Mainz, Germany

Drying complex liquids are encountered in many technologies, including paint-
ing, manufacturing polymer LED displays, and spraying pesticides. Here, col-
loids and/or polymers are typically initially dispersed in a solvent such as wa-
ter, which then evaporates, leaving behind a dried residue. Our recent sim-
ulations and experiments of drying bidisperse suspensions revealed that suffi-
ciently fast evaporation could induce spatial segregation of the two species, with
the smaller ones accumulating at the liquid-air interface followed by a homo-
geneously mixed region of small and big particles. To understand this counter-
intuitive behavior, we conducted particle-based simulations and dynamic den-
sity functional theory calculations, with and without hydrodynamic interactions.
According to our model calculations, this drying-induced segregation occurs
due to a local increase of the solute concentration near the film-air interface, re-
sulting in a chemical potential gradient for both species; typically, this gradient
is steeper for the larger particles, leading to a stronger force pushing them away
from the liquid-air interface. Segregation then occurs if the mobility of the larger
particles decreases slower than the driving force increases. Comparing the var-
ious simulations and experiments, we found that including hydrodynamics can
decrease or even completely suppress the segregation.

CPP17.7 Wed12:20 CPPb
Structure of bottlebrush polymers end-grafted to a planar surface —
JAROSLAW PATUREJI, PauL IUNGMANNZ, JENS-UWE SOMMER3, and TORSTEN
KREER® — 'University of Silesia, Katowice, Poland — *IPE, Dresden, Germany
— 3Iohannes Gutenberg Universitit, Mainz, Germany
Polymer brush is a hybrid material composed of a solid substrate coated with
end-grafted polymers. We conducted coarse-grained molecular dynamics simu-
lations and scaling theory of the equilibrium structure of planar brushes formed
by bottlebrush polymers. Bottlebrushes are branched macromolecules consist-
ing of densely spaced linear side chains grafted along a central (linear) backbone.
We elucidate the relationship between bottlebrush architecture, surface coverage
o and polymer brush thickness H. We study the impact of three length scales on
the brush height H: Dy , the cross-section radius of bottlebrushes determined
by the degree of polymerization of side chains N, , R, the (overall) size of bot-
tlebrushes controlled by the degree of polymerization of backbone Ny, and d
the distance between nearest-neighbor tethering sites. The latter quantity pro-
vides a measure of molecular coverage o of a substrate defined as the number
of bottlebrush polymers per unit surface area ¢ oc 1/ d* . Our theoretical anal-
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ysis identifies three conformational regimes for the height H, which gradually
establish upon increasing substrate coverage and stem from interplay between
relevant length scales: d, D, and R,.

CPP17.8 Wed 12:40 CPPb
Thermal conductivity of commodity plastics: From conventional to smart
polymers — «DEBASHISH MUKHER]I — Stewart Blusson Quantum Matter In-
stitute, University of British Columbia, Vancouver Canada
Polymers are an important class of soft matter whose properties are dictated by
large fluctuations. Because of this reason commodity polymers are ideal for the
flexible design of advanced materials. However, applications of polymers are of-
ten hindered by their low thermal conductivity x. While low « values are desir-
able for thermoelectric materials, they create severe problems when used under
the high temperature conditions. Going from the polymers dictated by weak Van
der Waals to hydrogen-bonded interactions, « varies between 0.1-0.4 W/Km. Us-
ing molecular dynamics simulations we study thermal transport and its links to
the elastic response of polymers. We find that there exists a maximum attainable
stiffness, thus limiting an upper bound of . The specific chemical details and
the glass transition temperature play no role in controlling «, especially when
the microscopic interaction is hydrogen bonded. These results are consistent
with the minimum thermal conductivity model and experiments.

[1] D. Mukherji, C. M. Marques, K. Kremer, Annual Review of Condensed
Matter Physics 11, 271 (2020). [2] D. Bruns, T. E. de Oliveira, J. Rottler, D.
Mukherji, Macromolecules 52, 5510 (2019). [3] C. Ruscher, J. Rottler, C. Boott,
M. J. MacLachlan, D. Mukherji, Physical Review Materials (accepted) (2019).

60 min. meet the speakers - break

CPP17.9 Wed 14:00 CPPb
Polymer Architectures by Chain Walking Catalysis - Theory, Simulations, and
Experiments — «RON DOCKHORNI, LAURA PLﬁSCHKEl’Z, ALBENA LEDERERI’Z,
JAN MErNA®, and JENs-Uwe SoMMER"™? — !Leibniz-Institut fiir Polymer-
forschung Dresden e.V., D-01069 Dresden, Germany — 2Technische Univer-
sitdt Dresden, Institute for Theoretical Physics, D-01069 Dresden, Germany —
3University of Chemistry and Technology Prague, CZ-16628 Praha, Czech Re-
public

Recently developed chain walking catalysis is an elegant approach to synthe-
size branched polyethylenes (CWPE) with controllable structure and proper-
ties. The catalyst is able to walk along the polymer and to polymerize ethylene
and a-olefines into complex topologies depending on pressure, temperature, and
olefine concentration introducing branch-on-branch structures. Coarse-grained
Monte Carlo simulations utilizing the bond fluctuation model of the CWPE are
performed to investigate the influence of the walking mechanism on the poly-
mer architecture. For slow walking rates the structure growths with linear chain
extensions, whereas fast walking rates promote dendritic growth of the poly-
mer. The crossover regime is characterized by linear global features and den-
dritic local substructures contrary to randomly hyperbranched systems. Indeed,
the obtained CWPE systems have characteristics of dendritic bottle brushes and
the degree of branching can be adjusted by the walking rate of the catalyst. These
findings are aimed to understand the physical properties of the CWPE structures
and to improve the synthesis of a new class of hyperbranched molecules.

CPP17.10 Wed 14:20 CPPb
Mechanics of shape-shifting droplets — «IRETH GARCIA-AGUILAR!, PIER-
MARCO FONDAI, EL1 SLOUTSKINZ, and Luca Giom1! — lInstituut-Lorentz, Uni-
versiteit Leiden, The Netherlands — *Department of Physics and Institute of
Nanotechnology & Advanced Materials, Bar-Ilan University, Ramat-Gan, Israel
It has been long understood that dispersed liquid droplets are spherical in order
to minimize the tension at their interface. Surprisingly, oil emulsion droplets
in water have been observed to spontaneously deform into polyhedral shapes
when cooling down the system. The equilibrium shape of a droplet at some tem-
perature depends on its initial volume but all deformations take place below the
freezing point of the surfactant monolayer, while the bulk oil and water remain
liquid. The frozen interface forms an hexagonal lattice which is topologically
constrained to accommodate defects. These produce large stresses that induce
in and out-of-plane deformations in the crystal which in turn are opposed by
the interfacial tension between oil and water. Initially, it was thought that this
competition determines the droplet shape; however, this alone can not explain
the size dependence of the deformations. By modeling the interface as a 2D elas-
tic surface and studying its equilibrium geometry, we found a mechanism that
explains the size-scaling behaviour. Interestingly, crystalline defects are not the
only peculiarity playing a role in shaping the droplets.

CPP 18: Complex Fluids and Soft Matter 1 (joint session DY/CPP)

Time: Wednesday 9:00-10:30

See DY 35 for details of this session.

Location: DYa

CPP 19: Glasses and Glass Transition 1 (joint session DY/CPP)

Time: Wednesday 9:30-10:30

See DY 39 for details of this session.

Location: DYc

CPP 20: Complex Fluids and Soft Matter 2 (joint session DY/CPP)

Time: Wednesday 11:00-13:00

See DY 40 for details of this session.

Location: DYa

CPP 21: Glasses and Glass Transition 2 (joint session DY/CPP)

Time: Wednesday 11:00-13:00

See DY 42 for details of this session.

Location: DYc

CPP 22: Poster Session lll - Charged Soft Matter and Theory and Simulation

Time: Wednesday 16:30-18:30

CPP22.1 Wed16:30 CPPp
In-situ investigation of the thermal stability of thermoelectric thin films
based on ionic liquid post-treated PEDOT:PSS — sANNA LENA OECHSLE',
JuLiaN E. HEGERl, NiIaAN LII, SHANSHAN YINl, SIGRID BERNSTORFFZ, and PE-
TER MULLER-BuscuBaum?® — I'TU Miinchen, Physik-Department, LS Funk-
tionelle Materialien, 85748 Garching, Germany — “ELETTRA Sincrotrone Tri-
este S. C. p. A., 34149 Basovizza TS, Italy — 3Heinz Maier-Leibnitz Zentrum
(MLZ), TU Miinchen, 85748 Garching, Germany
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Location: CPPp

In total around 66% of the global produced primary energy is lost as waste heat,
for example from industrial or everyday life processes. Thermoelectric genera-
tors, as they enable the direct conversion of a temperature gradient into elec-
trical power, are therefore considered a promising technique to recycle these
large amounts of heat waste. Especially, organic thermoelectric polymers are
attractive, owning some advantages like low cost, lightness and high mechani-
cal flexibility, low or no toxicity, as well as a usually low thermal conductivity.
In our work we research the positive effect of ionic liquid (IL) treatment on the
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thermoelectric properties of semi-conducting PEDOT:PSS thin films. There-
fore, we measure parameters, like the Seebeck coefficient, electrical conductivity,
and furthermore examine the inner film morphology with scattering techniques
like grazing incidence small angle x-ray scattering (GISAXS). In addition to find
the influence of ILs treatment on the morphology-function relation of the PE-
DOT:PSS thin films, we also investigate the thermoelectric performance stability
these films under operation at elevated temperatures.

CPP22.2 Wed16:30 CPPp
Structural and Dynamic Insights in the Conduction of Lithium-Ionic-
Liquid Mixtures in Nanoporous MOFs as Solid-State Electrolyte — MICAELA
VAZQUEZI, *MODAN LIUZ, ZEJUN ZHANGI, ABHINAV CHANDRESHI, ANEMAR
Bruno KAN)I, ‘WOLFGANG WENZELZ, and Lars HEINke! — !Institute of Func-
tional Interfaces, Karlsruhe Institute of Technology, Eggenstein-Leopoldshafen,
Germany — 2Institute of Nanotechnology, Karlsruhe Institute of Technology,
Eggenstein-Leopoldshafen, Germany
Metal-organic framework (MOF) based separators in Li-ion-battery (LIB) help
stabilize the solid electrolyte interphase and strongly affect the battery perfor-
mance. The mobility and conduction of the Lithium-ion and organic ionic lig-
uids (ILs) in these materials is crucially dependent on the MOF structures and
the IL loading factors.

Here, via both experiments and all-atom molecular dynamics (MD) simula-
tions, we observe complex conduction behaviors of Li-IL in the MOF with load-
ing and composition dependence, particularly the presence of Li-ion prevents
the conductivity collapse at high IL loading. MD reveals a vehicular transport
for the IL and a Grotthuss-like conduction for Li-ions. At small pore fillings, the
Li conduction is limited by the large separation between anions. At high pore fill-
ings, the conduction is governed by the bunching of IL. In contrast to the Li-free
IL, the bunching effect is attenuated by the formation of charge-neutral Li-anion
complexes, which results in a tremendously increased conductivity at maximum
filling. This tuning mechanism may contribute to development of advanced bat-
teries.

CPP 223 Wed16:30 CPPp
Quantitative prediction of charge regulation in peptides and model am-
pholytes — «PETER KOSOVAN, RAJU LUNKAD, ANASTASIIA MURMILIUK, PASCAL
HEBBEKER, ZDENEK TOSNER, and MIROSLAV STEPANEK — Department of Phys-
ical and Macromolecular Chemistry, Charles University
Weak ampholytes are ubiquitous in nature and commonly found in artificial pH-
responsive systems. However, our limited understanding of their charge regula-
tion and the lack of predictive capabilities hinder the bottom-up design of such
systems. Here, we used a coarse-grained model of a flexible polymer with weakly
ionisable monomer units to quantitatively analyse the ionisation behaviour of
two oligopeptidesmodel ampholytes. Our simulations predict differences in the
charge states between oligopeptides and monomeric amino acids, showing that
not only electrostatic interactions between charged groups but also conforma-
tional flexibility plays a key role in the charge regulation. By comparing our sim-
ulations with experimental results from potentiometric titration, capillary zone
electrophoresis and NMR, we demonstrated that our model reliably predicts the
charge state of various peptide sequences. Ultimately, our simulation model is
the first step towards understanding the charge regulation in flexible ampholytes,
and towards predictive bottom-up design of charge-regulating systems.

CPP22.4 Wed16:30 CPPp
Investigating the surface charge of microplastic particles with Colloidal
Probe-Atomic Force Microscopy — «THOMAS WITZMANN and ANDREAS FERY
— Leibniz-Institute of Polymer Research Dresden, Germany
To date, plastic particles have mainly been categorized by polymer type, shape,
and size. But there is another important issue arising when investigating mi-
croplastic and its interaction with cells. With decreasing size, the surface-volume
ratio increases which makes surface properties more important to consider. It
is generally believed that the surface properties of the particles influence the
cell interaction. Therefore, we investigated un-functionalized polystyrene par-
ticles with the size of 3 micrometer with different surface properties of two dif-
ferent manufactures. We found out that the cellular interaction and uptake of
microplastic particles (polystyrene) differs for the two particle types. Using Col-
loidal Probe-Atomic Force Microscopy (CP-AFM) we could show a significant
difference in the electric surface properties: homogeneously charged particles vs.
heterogeneously charged particles. The heterogeneous surface charge manifests
itself in an electrostatic interaction of the particles that depends on the mutual
orientation of the particles. CP-AFM is therefore a magnificent tool to obtain ad-
ditional information*s about surface charge and its distribution on microplastic
particles.

CPP22.5 Wed 16:30 CPPp
Investigation of Cononsolvency Phase Transition of Poly(sulfobetaine)-
based Diblock Copolymer Thin Films — sPErx1 WANG', CHRISTINA GEIGER!,
Lucas P. KREUZERI, ToBI1AS WIDMANNI, SUZHE LIANGI, ROBERT CUBITTZ,
ANDRE LASCHEWSKY®, CHRISTINE M. Papapakis', and PETER MULLER-
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BuscuBaum! — !Technische Universitit Miinchen, Garching, Germany —

“Institut-Laue-Langevin, Grenoble, France — >Universitit Potsdam, Potsdam-
Golm, Germany

Co-nonsolvency occurs if a mixture of two good solvents causes the col-
lapse or demixing of polymers into a polymer-rich phase in a certain range
of compositions of these two solvents. The nonionic thermo-responsive
polymer, poly(N-isopropylmethacrylamide) (PNIPMAM), has been widely
used to investigate its collapse transition behavior in a mixture of two
competing good solvents. However, co-nonsolvency response of its block
copolymer containing the zwitterionic poly(sulfobetaine)s, especially poly(4-
((3-methacrylamidopropyl)dimethyllammonio)butane-1-sulfonate))  (PSBP),
shows a strong swelling transition in aqueous media, is newly studied. We
focus on the co-nonsolvency behavior of PSBP-b-PNIPMAM thin films in wa-
ter/acetone mixtures by in situ time-of-flight neutron reflectometry (TOF-NR)
and spectral reflectance (SR). Furthermore, Fourier transform infra-red (FTIR)
spectroscopy is applied to investigate the interactions between the polymer thin
film and water/co-solvent, which strongly alters dependend on their deuteration
level.

CPP22.6 Wed16:30 CPPp
ToF-NR investigation of cononsolvency in PNIPAM-based block-copolymer
thin films — ¢CHRISTINA GEIGERI, JuLja REITENBACHI, LucasP. KREUZERI,
ToB1as WIDMANN', PEIXT WANG', ROBERT CUBITT, CRISTIANE HENSCHEL®,
ANDRE LASCHEWSKYs, CHRISTINE M. PAPADAKIS4, and CHRISTINA GEIGER!
— !TU Miinchen, Physik-Department, LS Funktionelle Materialien, 85748
Garching, Germany — 2Institut Laue-Langevin, 38000 Grenoble, France —
3Fraunhofer-Institut fiir Angewandte Polymerforschung, 14476 Potsdam, Ger-
many — *TU Miinchen, Physik-Department, Physik weicher Materie, 85748
Garching
The diblock copolymer PMMA-b-PNIPAM forms micelles in aqueous solution
that exhibit a reversible shell collapse transition at the lower critical solution tem-
perature (LCST). Apart from a temperature stimulus, the collapse can be induced
by the addition of organic co-solvents due to the competitive attachment and de-
tachment of water and co-solvent to the PNIPAM chains. We demonstrate that
the co-nonsolvency effect is transferrable from solutions to thin film systems.
The film swelling and contraction kinetics due to the uptake of water and co-
solvent via solvent vapors are investigated with a focus on time-of-flight neutron
reflectometry (ToF-NR). Sequential contrasting experiments using protonated
and deuterated compounds are performed to differentiate between the distribu-
tions of water and co-solvent within the polymer films.

CPP 227 Wed16:30 CPPp
Layer-by-layer Spray-oating of Cellulose Nanofibrils and Silver Nanopar-
ticles for Hydrophilic Interfaces — «QING CHENI'Z, CALVIN BRETT1’3, AN-
DREI CHUMAKOV', MARC GENSCH®, MATTHIAS SCHWARTZKOPE', VOLKER
KORSTGENS®, DANIEL SODERBERG’, ANTON PLECH’, PENG ZHANG®, PETER
MULLER-BUSCHBAUM®, and sTEPHAN ROTH"® — 'Deutsches Elektronen-
Synchrotron, 22607 Hamburg, Germany — “University of Science and Tech-
nology of China, 230026 Hefei, China — 3kTH Royal Institute of Technology,
10044 Stockholm, Sweden — *Technische Universitit Miinchen, 85748 Garch-
ing, Germany — SKarlsruhe Institute of Technology, 76021 Karlsruhe, Germany
— %Sun Yat-sen University, 510275 Guangzhou, China
Silver nanoparticles (AgNPs) and AgNP-based composite materials have at-
tracted growing interest due to their structure-dependent optical, electrical,
catalytic and stimuli-responsive properties. In this work, the fabrication of
AgNP/cellulose nanofibril (CNF) thin-films via layer-by-layer (LBL) spray-
coating is reported. The CNF substrate contributes to a more uniform distribu-
tion of AgNPs by its network structure, and by absorbing the partially dissolved
AgNP agglomerates. Our approach provides a platform for a scalable production
of AgNP/CNEF films with low agglomeration rate by two different methods: (1)
multi-step layer-by-layer (LBL) spray coating; and (2) direct spray coating of the
AgNP/ CNF mixture. We also obtained a uniform AgNP layer with tailorable
wettability and plasmonic properties, suggesting their potential applications in
anti-fouling coatings and label-free biosensors.

CPP22.8 Wed16:30 CPPp
Charge-Dependent Microphase Separation in Thin Films from a Mul-
tiresponsive Pentablock Quaterpolymer — <FLORIAN A. Jung!, DORTHE
POSSELTZ, DETLEEF-M. SMILGIESS, PaNAYIOTA A. PANTELI4, CONSTANTINOS
TSITSILIANIS®, COSTAS S. PATRICKIOS?, and CHRISTINE M. Papapakis'
'Physics Department, Soft Matter Group, Technical University of Munich,
Garching, Germany — 2Department of Science and Environment, Roskilde Uni-
versity, Roskilde, Denmark — >Wilson Laboratory, Cornell University, Ithaca,
USA — *Department of Chemistry, University of Cyprus, Nicosia, Cyprus —
’Department of Chemical Engineering, University of Patras, Greece
Multiblock copolymers and block copolymers with charged segments are attrac-
tive candidates for tunable self-assembly of complex morphologies, but their un-
derstanding is still at an early stage. In this contribution, we present an investiga-
tion of the self-assembly behavior of a pentablock quaterpolymer with (C- co-D)-
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A-B-A-(C- co-D) architecture containing ionizable A blocks in thin films using
grazing-incidence small-angle X-ray scattering (GISAXS). The two-dimensional
scattering patterns were analyzed using simulations combined with a multi-step
fitting procedure. Furthermore, we performed in-situ swelling experiments to
explore the impact of solvents with different selectivities and polarities on the
morphology. We find that varying the degree of ionization of the ionizable blocks
allows altering of the segregation strength between the blocks. The nature of the
solvent used for swelling gives the opportunity to tune the structures in a wide
range.

CPP 229 Wed16:30 CPPp
Hybrid Energy Harvester based on Triboelectric Nanogenerator and Solar
Cell — +Tranx1a0 X1a0', WEI CHEN', WET Cao', STEPHAN V. RoTH™, and
PETER MULLER-BuscuBauM™™* — lTUM, Garching, Germany — ZDESY, Ham-
burg, Germany — *KTH, Stockholm, Sweden — *MLZ, Garching, Germany
Developing clean energy lies the heart of sustainable development of human
society. Triboelectric nanogenerator (TENG) originating from Maxwell’s dis-
placement current is a new type of energy harvester for harnessing ambient me-
chanical energy based on the coupling of triboelectrification and electrostatic
induction effect. Compared with other counterparts, owing to the light-weight,
low-cost, and easily fabricated, TENG has become one of the most promising
candidates in replacement of conventional fossil fuels and attracted worldwide
attention in the past years. However, to further increase the energy harvesting
efficiency and broaden application fields, integrating the TENG with other kinds
of energy harvesters in one device is a possible way to meet these needs. In the
present work, a TENG based hybrid energy harvester is designed and fabricated
on the flexible polyethylene terephthalate (PET) substrate. This hybrid device
consists of a single-electrode mode TENG component and a PbS quantum dots
(QDs) based solar cell component, which can harness both mechanical and solar
energy from ambient environment to directly generate electricity.

CPP22.10 Wed16:30 CPPp
Dynamics in polymer-fullerene blends for photovoltaic applications
— «DOMINIK SCHWAIGERI, WIEBKE LOHSTROHZ, and PETER MULLER-
BuscuBaum? — !Technische Universitit Miinchen, Physik-Department,
Lehrstuhl fiir Funktionelle Materialien James-Franck-Straf3e 1, 85748 Garching
— 2Heinz Maier-Leibnitz Zentrum (MLZ), Technische Universitit Miinchen,
Lichtenbergstrafie 1, 85748 Garching
In organic photovoltaics, donor - acceptor bulk heterojunctions are often used as
active layer due to their superior performance compared to e.g. planar structured
devices. In this optically active polymer layer, photons are absorbed and exci-
tons are created. After diffusion to a donor-acceptor interface, the excitons are
dissipated and charge carriers can be extracted from the electrodes. A promis-
ing low-bandgap electron donor material is the conjugated polymer PTB7. Be-
sides a large number of studies on structure and electrical properties, the level
of knowledge about dynamics in this system is very limited. We investigated
films of PTB7, the fullerene derivate PCBM and different blends of these two,
prepared out of chlorobenzene solutions. Quasielastic neutron scattering ex-
periments were done at the cold neutron time of flight spectrometer TOFTOF
(MLZ, Garching). Hydrogen dynamics of pure compounds as well as the blend
films are investigated on a pico- to nanosecond timescale in a temperature range
from 150 K to 400 K. Results are set into context of photovoltaic performance
studies and increase the knowledge base, which is needed for the design of new
materials to push the field of organic photovoltaics.

CPP22.11 Wed 16:30 CPPp
CNF thin films as sustainable carrier material and their functionaliza-
tion for energy applications — +MARIE BeTkER!?, CONSTANTIN HARDER"?,
MARC GENSCH1’3, CALVIN BRETTI’Z, MATTHIAS SCHWARTZKOPFI, ANDREI
CHUMAKOV', QING CHEN!, DANIEL SODERBERG?, and STEPHAN RoTH? —
'Deutsches Elektronen Synchrotron, Notkestrasse 85, 22607 Hamburg, Ger-
many — *KTH Royal Institute of Technology, Teknikringen 8, 10044 Stockholm,
Sweden — 3Physik—Department E13, Technische Universitdt Miinchen, James-
Franck-Str. 1, 85748 Garching, Germany
Sustainable carrier materials will play an important role in the design of fu-
ture functional items. One matching candidate for that purpose are cellu-
lose nanofibrils (CNF) with their many beneficial properties: It is lightweight,
transparent, flexible and recyclable, and can therefore be used as template for
thin-film applications. Spray deposition is a suitable technique to fabricated
thin, homogeneous films of large scale and with a ultra-low roughness, which
make it fitting for industrial applications. It can also be used to functionalize
and thus to implement functional, nanostructured films and multi-component
systems. The deposition of conductive silver nanowires as flexible electrodes,
poly(3,4-ethylenedioxythiophene) polystyrene sulfonate as blocking layer and of
the photoactive layer poly(3-hexylthiophene) and [6,6]-phenyl C61-butyric acid
methylester on nanostructured CNF thin films was studied in situ using GISAXS.
Important insights into possible templating effects of CNF and into the interac-
tions between the CNF-layers and the functional materials could be gained.
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CPP 22.12 Wed 16:30 CPPp
Oxygen plasma effects on the nanoscale morphology of polyzwitterion-
gold interfaces during gold sputtering — APOSTOLOS VAGIAS™Z, SI-
MON J. SCHAPERI, JuLian E. HEGERI, YuQIN ZOUl, SHANSHAN YINI,
CHRISTINA GEIGERI, MATTHIAS SCHWARTZKOPFa, MARC GENSCH1’3, ANDRE
LASCHEWSKY4’5, STEPHAN V. ROTHS’G, and PETER MULLER-BUsCHBAUM™?
— 'Fachgebiet Physik weicher Materie/Lehrstuhl fiir Funktionelle Materi-
alien, Physik-Department, Technische Universitdt Miinchen, 85748 Garching,
Germany — 2Heinz Maier-Leibnitz Zentrum (MLZ), Technische Universitét
Miinchen, 85748 Garching, Germany — >Deutsches Elektronen-Synchrotron
(DESY), D-22607 Hamburg, Germany — “Institut fiir Chemie, Universitit Pots-
dam,14476 Potsdam-Golm, Germany — °Fraunhofer Institut fir Angewandte
Polymerforschung IAP, 14476 Potsdam-Golm, Germany — ®Department of Fi-
bre and Polymer Technology, KTH Royal Institute of Technology, SE-100 44
Stockholm, Sweden
Sulfobetaine-based polyzwitterions are efficient interlayers for organic photo-
voltaics, but their polymer-metal interfacial morphology remains elusive. More-
over, plasma pretreatment of organic solar cells can bypass operational degra-
dation from prolonged light exposure. By in-situ grazing incidence small angle
X-ray scattering, we probe the evolution of gold cluster growth on thin polysul-
fobetaine films during metal sputtering, the latter being an industrially-relevant
metal deposition technique. We present differences on the sputtered gold nanos-
tructural morphology with and without oxygen plasma pretreatment.

CPP22.13 Wed 16:30 CPPp
Morphology investigation of the active layer of hybrid solar cells with
TOF-GISANS — «VOLKER KGRSTGENSI, LAuTArO Diaz PIOLAI, CHRISTINA
GEIGERI, JuLiAN HEGERI, Lucas KREUZERI, ANNA-LENA OECHSLEI, ToBias
WIDMANNI, MATTHIAS NUBERZ, KLARA STALLHOFERZ, GAETANO MANGIAPIA® s
HrisTo IGLEVZ, REINHARD KIENBERGERZ, and PETER MULLER-BuscuBAUM' —
I'TU Miinchen, Physik Department, LS Funktionelle Materialien, James-Franck-
Str. 1, 85748 Garching — ’TU Miinchen, Physik Department, LS Laser- und
Réntgenphysik, James-Franck-Str. 1, 85748 Garching — *Helmholtz-Zentrum
Geesthacht am Heinz Maier- Leibnitz Zentrum, Lichtenbergstr. 1, 85747 Garch-
ing
One aspect for the development of non-conventional solar cells should be the
sustainability of the production process of devices. Following this idea, we de-
veloped hybrid solar cells which can be processed out of aqueous solution. The
active layer of these devices is based on laser-processed titania nanoparticles dis-
persed in a water-soluble thiophene-based polyelectrolyte. The active layers were
produced with two of the most common deposition techniques: spray deposition
and slot die coating. With these techniques the thickness of layers can be easily
controlled and the scale-up toward the coating of large areas is done with low
effort. We investigated the morphology of the deposited active layers with time
of flight - grazing incidence small angle neutron scattering (TOF-GISANS). The
difference of the morphology of these layers is presented and its impact on the
performance of devices is discussed.

CPP 22.14 Wed 16:30 CPPp
In-situ GISAXS Investigation of Sprayed Drugs on a Cellulose Based Matrix
— *EL1sABETH ERBES", NAIREETA Brswas'?, STEPHAN V. RoTn", SIMONE
TECHERTI’Z, MATTHIAS SCHWARTZKOPFI, CALVIN BRETTI'S, JOoSE VELAZQUEZ
GARCIAI, SREEVIDYA THEKKU VEEDUI, KORNELIYA GOORDEYEVA3, ANDREI
CHUMAKovl, and PETER MOULLER-BuscHBAUM®® — 1DESY, 22607 Hamburg,
Germany — Institute for X-ray Physics, Goettingen University, 37077 Goet-
tingen, Germany — >Department of Fibre and Polymer Technology, KTH, 100
44 Stockholm, Sweden — *Department of Physics, Technical University Mu-
nich, 85748 Garching, Germany — >MLZ, Technical University Munich, 85748
Garching, Germany — 6Department of Mechanics, KTH, 100 44 Stockholm,
Sweden
These experiments show the first steps to a novel drug carrier strategy for a con-
trolled dosage of anti-COVID-19 drugs. The drugs were embedded into a matrix
made of a mixture of hydrophilic carboxymethylated nanocellulose (CMC) hy-
drogel and disordered hydrophobic peptide hydrogel (P). This gives the oppor-
tunity to vary the local uptake in hydrophobic or hydrophilic compartments in
the matrix. The structural intercalation and the time-resolved process were in-
vestigated with in-situ grazing incidence small angle X-ray scattering (GISAXS)
experiments. By using the spraying technique the drug concentration can be
tuned for a personalized treatment of the patients. This poster focuses only on
the structural change analysis of the CMC fibers. For the analysis of the peptide
part please see the poster of Naireeta Biswas.

CPP 22.15 Wed 16:30 CPPp
Wrinkled Functional Hybrid Multilayers Between Order and Disorder —
«LukAs WoLFRAM', REGINE FrRank"?, and THOMAS FUHRMANN-LIEKER' —
Institute of Chemistry, University of Kassel, Germany — 2Department of
Physics and Astronomy, Rutgers, the State University of New Jersey, USA
Multilayer systems of thin films give the opportunity to produce self-structured
surfaces via thermal annealing. The corrugations build, so-called wrinkles, are
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directional isotropic. Wrinkles can be compared to the surface structure of
raisins, compressed tissues, or mountain ranges. A possible application for these
structures in thin film technology is the use as a periodic random resonator [1]
or previously shown by N.M. Hoinka with spiro compounds.

This Poster will present the first results in testing for a proper mate-rial sys-
tem. So far, experiments with spiro bilayers showed wrinkling over a wide range
of surface area. The use of a metallic layer sputtered in a magnetic field can
be used to align wrinkles parallel in sucha system.My work concentrates on the
conditions causing random lasing in these systems and whether there is any sys-
tematic correlation existing between the sample morphology and the spectrum
observed. For this purpose, python scripts were written to analyse the shape of
the corrugation and their directionality to correlate them with imaged spectra
in the future.

[1] Shen, Z. et al., Appl. Phys. Lett. 105, 021106, (2014).

[2] N. M. Hoinka, Doctoral Thesis, 2020.

CPP22.16 Wed16:30 CPPp
Co-nonsolvency-type behavior of a poly(sulfobetaine) and a poly(N-
isopropylmethacrylamide) thin film in water / methanol vapor — <Lucas
P. KREUZER', CHRISTOPH LINDENMEIER', CHRISTINA GEIGER!, ToBIAS
WIDMANNI, VIET HILDEBRANDZ, ANDRE LASCHEWSKYZ, CHRISTINE M.
PaPADAKIS', and PETER MULLER-BuscaBAUM! — 'TU Miinchen, Physik- De-
partment, LS Funktionelle Materialien, 85748 Garching — 2Universitit Pots-
dam, Institut fiir Chemie, 14476 Potsdam Golm
The behavior of a poly(sulfobetaine) (PSPE) and a poly(Nisopropylmethacryl-
amide)(PNIPMAM) thin film in pure water and in mixed water/methanol va-
por is studied in-situ with spectral reflectance and Fourier-transform infrared
spectroscopy. While PSPE is insoluble in methanol, PNIPMAM is soluble but
exhibits a co-nonsolvency behavior in water/methanol mixtures. In thin film
geometry, both the PSPE and PNIPMAM swell in pure water vapor, while upon
methanol addition, they contract. Their behavior differs significantly regarding
the amount of absorbed water in pure water vapor, and the contraction mecha-
nism in mixed water/methanol vapor. The PSPE thin film shows an abrupt one-
step contraction, while the PNIPMAM contraction occurs in two steps. When
changing to a pure methanol vapor, both, the PSPE and PNIPMAM thin film,
show a higher swelling degree than in mixed water/methanol vapor, which indi-
cates a co-nonsolvency-type behavior in polymer thin films.

CPP22.17 Wed 16:30 CPPp
Pore-network model for polymer electrolyte membranes — «PETER BERG and
PHILIPPE NADON — Department of Science, University of Alberta
A random pore-network model for polymer electrolyte membranes (PEM) is
presented that couples the flow of protons and water through cylindrical chan-
nels (bonds) to the swelling of the membrane. While the flows are determined
by closed-form solutions of the Poisson-Nernst-Planck-Stokes equations, the
fluid-structure interaction is described by a pressure balance at the channel
walls. Macroscopic membrane properties, such as the conductivity, permeabil-
ity and electro-osmotic coefficient, are computed and compared to experimental
data in the literature. In light of the model simplifications, the results compare
favourably to data but they also point to the importance of describing proton
diffusion in PEM nanopores accurately

CPP22.18 Wed 16:30 CPPp
Coarse-grained MD simulations of nanoplastic particles interacting with a
non-polar environment in aqueous solution — ¢ LORENZ DETTMANN, ASHOUR
AHMED, and OLIVER KUHN — University of Rostock, Albert-Einstein-Str. 23-24,
18059 Rostock
Plastic waste in form of small particles is an emerging threat for marine and ter-
restrial ecosystems. Little is known about the fate and potential impacts of plas-
tic nanoparticles in the environment. In this work, an attempt for understanding
the molecular level interaction behavior between nanoplastics (NPs) and non-
polar environments in aqueous solution is introduced. Here, NPs are simulated
with different polymers, namely polyethylene oxide (PEO), polyethylene (PE),
polypropylene (PP) and polystyrene (PS). On the other hand, carbon nanotubes
(CNTs) are used to mimic non-polar environmental molecular systems. More-
over, hydrophobicity of CNTs is modified by introducing different hydrophobic
and hydrophilic functional groups into the inner surface of CNTs. The interac-
tion of the modeled NPs with bare and modified CNTs in the presence of water
is investigated via MARTINI force field based coarse-grained molecular dynam-
ics simulations. The results show that hydrophobic polymers have a relatively
strong affinity to CNTs, especially PE. The hydrophobic functional groups intro-
duced into CNTs increased the interaction between hydrophobic polymers and
CNTs. In contrast, PEO showed the lowest affinity towards CNTs. Therefore, one
can expect that hydrophobic polymers have a higher tendency to accumulate at
non-polar environmental molecular systems.

CPP22.19 Wed 16:30 CPPp
A mesoscopic approach to magnetostriction of magnetic gels and elas-
tomers — eLUKAS FISCHER and ANDREAS M. MENZEL — Otto-von-Guericke-
Universitdt Magdeburg, Magdeburg, Germany
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Our focus is on magnetic gels and elastomers, consisting of rigid magnetizable
particles embedded in an elastic polymeric environment. While the particles are
discrete objects on the mesoscopic scale, the polymeric body represents an elastic
continuum. When magnetized, the particles are subject to magnetic forces and
push against the polymeric environment, inducing macroscopic magnetostric-
tive distortions.

Using analytical theory and numerical evaluations, we determine the over-
all distortion resulting for different discrete particle arrangements enclosed by a
finite-sized, linearly elastic sphere [1-3]. Overall changes in volume and shape
are evaluated. In contrast to many other approaches, our formalism includes the
basically infinite number of internal degrees of freedom of deformation of the
elastic environment.

We assume well-separated particles, all identically magnetized from outside.
Depending on the particle arrangement and the compressibility of the elastic
material, overall contraction or elongation along the magnetization axis results
[1]. Twisted particle structures can lead to overall twist deformations [2], while
targeted positioning of particles of different size can tune the overall response
[3]. We presume that our approach can support the design of magnetostrictive
actuation devices.

[1] L. Fischer and A. M. Menzel, J. Chem. Phys. 151, 114906 (2019).
[2] L. Fischer and A. M. Menzel, Phys. Rev. Research 2, 023383 (2021).
[3] L. Fischer and A. M. Menzel, Smart Mat. Struct. 30, 014003 (2021).

CPP22.20 Wed 16:30 CPPp
In situ GISAXS Observation of Sputter-Deposited Gold Nanostructure on
Mesoporous Titanium Dioxide Template — «SUZHE LIANGl, WEI1 CHENI,
SHANSHAN YIN!, SiMon ]. ScHAPER!, THOMAS STRUNSKUS?, MATTHIAS
SCHWARTZKOPF3, STENPHAN V. ROTH3’4, and PETER MULLER-BUSCHBAUM ™
— 'TU Miinchen, Garching, Germany — 2CAUKiel, Germany — *DESY, Ham-
burg, Germany — 4KTH, Stockholm, Sweden — °Heinz Maier-Leibniz Zentrum
(MLZ), TU Miinchen, Garching, Germany
Gold/titanium dioxide (Au/TiO,) nanohybrid materials have attracted signifi-
cant attention due to the outstanding optical, photocatalytic and photovoltaic
performance. Compared to chemical synthesis and lithography, sputter deposi-
tion is a facile and scalable method to produce metallic thin films and nanopar-
ticles on substrates in precise controllability. Using nanostructured templates,
ordered metal nanostructures were achieved through the sputter deposition ap-
proach. Herein, we propose a strategy to fabricate nanostructured Au/TiO, hy-
brid thin films by sputter-depositing Au on mesoporous TiO, template. The
mesoporous TiO, template is prepared by a typical sol-gel synthesis approach
with the assistance of diblock copolymer (PS-b-PEO). In order to investigate
the kinetics of the sputter-deposited Au growth on the TiO, template, in situ
grazing-incidence small-angle X-ray scattering (GISAXS) during sputter depo-
sition is measured.

CPP 2221 Wed 16:30 CPPp
Modeling and molecular dynamics studies on induced helical polymers —
*«MONTSERRAT PENALOZA-AMION and WOLFGANG WENZEL — Karlsruhe Insti-
tute of Technology (KIT), Karlsruhe, Germany
Helical conformation plays an important role in biological functions, such as
recognition, catalysis and structural support of superstructures. Synthetic he-
lical polymers depend on their inversion barrier and obtaining structural in-
formation of dynamic helical polymers requires advanced experimental tech-
niques. Yashima et.al. showed that chiral amines can induce one-handed helical
structure in stereoregular cis-transoid poly((4-carboxyphenyl)acetylene) (poly-
1), showing intense bands of circular dichroism (CD). Helical models were cre-
ated based on poly-1. Scan calculations over the dihedral backbone using density
functional theory (DFT) on dimers and tetramers of poly-1 backbone were per-
formed to understand the helicity. From these results, Counterclockwise twist
with values of -41 and 130 degrees (CCW), and Clockwise twist with values of
42 and -134 degrees (CW) for backbone dihedral were obtained. Molecular Dy-
namics simulations were performed for 20 ns for both helical models of 20mer
with chiral amines and DMSO. Our results show lowest values for RMSD for
complexes polymer-R2(CCW) with 0.942 A, and polymer-S3(CW) with 1.654 A
corresponding to the systems with higher CD intensity in the work of Yashima
et.al and indicating that R2 chiral amines could induce a CCW conformation
and S3 chiral amines a CW conformation on poly-1.

CPP 2222 Wed 16:30 CPPp
Co-nonsolvency effect on phase segregation of polymer solution — «ZAHRA
MOHAMMADYARLOO and JENS-UWE SOMMER — Leibniz-Institut fir Polymer-
forschung Dresden e.V., Hohe Str. 6, 01069 Dresden
Phase segregation of polymer solution in the presence of cosolvent (CNS) is
studied by molecular dynamics simulations, where CNS particles are preferen-
tial solvent for the polymers. Simulation results for different attraction strengths
are compared with the prediction of the adsorption-attraction mean-field theory
under constant osmotic pressure. The osmotic pressure has been simulated by
a semi-permeable wall in the simulation box. The polymer solution without co-
solvent was prepared in the semi-dilute state. Polymer concentration increases
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until reach a peak by adding more CNS particles, then decreases in higher con-
centrations of CNS. The radius of gyration of individual chains also display as
non-monotonic behavior which in part be explained by the scaling law in semi-
dilute solutions, and with the increasing effective excluded due to adsorption
of cosolvent. At higher attraction strengths a jump-like collapse of the polymer
volume can be observed which corresponds to a type-II phase transition of the
polymer solution. For interaction strengths greater than critical, two states of
polymer solution coexists. Furthermore we have calculated the single-chain and
collective structure factors. The dynamics was studied and the monomer diffu-
sion coefficient was presented as a function of attraction strength.

CPP22.23 Wed 16:30 CPPp
Challenges and limits of Mechanical Stability in 3D Direct Laser Writing —
eELAHEH SEDGHAMIZ, MODAN L1u, and WOoLFGANG WENZEL — Karlsruhe In-
stitute of Technology, Karlsruhe, Germany
Direct laser writing is an effective technique for the fabrication of complex poly-
meric 3D polymer networks using ultrashort laser pulses. Practically, it remains
a challenge to design and fabricate high-performance materials with different
functions that possess a combination of high strength, substantial ductility, and
tailored functionality, in particular for small feature sizes. To date, it is difficult to
obtain a time-resolved microscopic picture of the printing process in operando.
To close this gap, we have developed a molecular dynamics simulation approach
to model direct laser writing and investigate the effect of writing condition and
aspect ratio on the mechanical properties of the printed polymer network. We
show that writing condition provides a possibility to tune the mechanical prop-
erties and an optimum writing condition can be applied to fabricate structures
with improved mechanical properties. We reveal that beyond the writing pa-
rameters, aspect ratio plays an important role to tune the stiffness of the printed
structures.

CPP22.24 Wed 16:30 CPPp
Periodic Boundary Calculations of photosensitive Ru(bpy); complexes at-
tached to polymer chains — MIFTAHUSSURUR HAMIDI PUTRA and AXEL
Gross — Institut fiir Theoretische Chemie, Universitit Ulm, 89069 Ulm, Ger-
many
Polymers are considered as potential candidate materials for the photocathodes
of p-type dye sensitized solar cells (p-DSSCs), as they can be easily synthesized
and are robust under operation conditions [1]. To optimize the performance
of such solar cells, a better understanding of the structural and electronic cou-
pling between the dyes and the polymer matrix is necessary which can be ob-
tained through first-principles total energy calculations. However, dyes attached
to polymer chains represent a challenge for quantum chemistry calculations be-
cause of their large system size. Here we present a first-principles computational
study based on density functional theory of a Ru(bpy); dye, one of the com-
mon dyes in p-DSSCs, attached to a polymer chain using a periodic boundary
approach [2].

We will particularly address the geometrical and electronic coupling between
the dye and the polymer chain and elucidate the changes in the optical properties
of the dye upon the attachment to the polymer chain.

[1] Y. Pellegrin, L. Le Pleux, E. Blart, A. Renaud, B. Chavillon, N. Szuwarski, M.
Boujtita, L. Cario, S. Jobic, D. Jacquemin, and F. Odobel, J. Photochem. Photo-
biolA: Chem. 219, 235 (2011).

[2] A. Sen and A. Grof, Int ] Quantum Chem. 119, €25963 (2019).

CPP22.25 Wed 16:30 CPPp
Machine learning approach to long time step molecular dynamics for hard
sphere systems — eKA CHUN CHAN and WOLFGANG WENZEL — Institute of
Nanotechnology Technology, Karlsruhe Institute of Technology, Hermann-von-
Helmboltz-Platz 1, D-76344 Eggenstein-Leopoldshafen, Germany
Atomistic simulation techniques such as molecular dynamics (MD) provide an
accurate and precise description of atomic motion, molecular structure and per-
mit the prediction of the physical and chemical properties of molecular system.
However, MD requires expensive computation of energy and force which leads
to significant computational effort. This severely limits MD applications to bio-
logical system and soft matter physics on long time scales.

The usual MD time step is approximately 1/10 of the fastest frequency of the
molecular system. In order to accelerate the MD computation, we propose a ma-
chine learning approach to propagate the molecular system instead of the usual
MD time step. As a first step we developed a machine learning (ML) propagator
for hard-sphere systems that propagates the molecular system with each atomic
collision as a new time step. The proposed algorithm learns the time evolution
of the atomic motion and the collision between atoms, such that the neural net-
work are able to predict the system trajectory, identify the collided atomic pairs
and correct the trajectory of the collided pairs for each collision time step. We
will discuss the perspective of this newly ML propagator for the acceleration of
MD simulations and further application to the molecular system with long time
scales.
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CPP 2226 Wed 16:30 CPPp
Kinetic Monte Carlo modeling of graphene growth on chemical vapor de-
position. — eMEYsAM ESMAEILPOUR, MARIANA Kozrowska, and WOLE-
GANG WENZEL — Institute of Nanotechnology, Karlsruhe Institute of Technol-
ogy (KIT), Germany
Chemical vapor deposition (CVD) is the most promising method for high qual-
ity, large area graphene synthesis. Optimization of this chemical process will en-
able control over crucial properties, such as graphene quality and domain size.
This requires the development of a detailed atomistic understanding of the un-
derlying processes guiding the growth mechanism. In particular there is a need
to understand the mechanism behind graphene nucleation and growth during
CVD and its dependence on the synthetic parameters: temperature, CVD pres-
sure, catalyst type, facet etc.

The complexity of CVD prohibits a complete description of all reaction mech-
anisms at the DFT level. Using the library of surface reaction rates, we have de-
veloped a Kinetic Monte Carlo (KMC) method to study the process of CVD of
graphene from methane on Cu(111) under different synthesis conditions. It ex-
plains how synthesis parameters *affect the quality and domains size of graphene.
The results are compared with experimental measurements, enabling better un-
derstanding of the CVD mechanism.

CPP 2227 Wed 16:30 CPPp
A theoretical and computational study of ionic liquid mixtures in front of
charged surfaces — «TAKESHI KoBAYASHI, MARIA FyTA, and JENS SMIATEK
— Institute for Computational Physics, University of Stuttgart, Allmandring 3,
70569 Stuttgart, Germany
The properties of the electric double layer formed in front of charged sur-
faces in room temperature ionic liquids (RTILs) solutions are studied by means
of atomistic Molecular Dynamics simulations and the theory of the Lattice
Boltzmann Gas model. We study 1-Ethyl-3-methylimidazolium dicyanamide
([EMIm]+[DCA]-) with water or dimethyl sulfoxide (DMSO) mixtures at dif-
ferent concentrations in order to investigate the solvent effects on the IL struc-
turing in front of the surfaces. Our results reveal clear differences between water
and DMSO mixtures at the interfaces. By applying the Lattice Boltzmann Gas
model, the entropic and enthalpic contributions to the accumulation of the sol-
vent molecules are discussed. The differences mainly appear in front of the posi-
tively charged interface where water accumulation but DMSO depletion occurs.
Such outcomes are assigned to the combination of size and polarity of water or
DMSO and the corresponding interactions with the cations or the anions in the
solution. Overall, our results provide a deep understanding of the ionic liquid
(IL) behavior close to interfaces and links to a proper selection of IL-based mix-
tures in order to optimize specific technological applications.

CPP 2228 Wed 16:30 CPPp
A computational model for the study of catalysts in the Supported Ionic Liq-
uid Phase in mesoporous media — «TAKESHI KOBAYASHII, HAMZEH KRAUSZ,
NieLs Hansen?, and Takesur Kosavasur' — 'Institute for Computational
Physics, University of Stuttgart, Germany — “Institute of Thermodynamics and
Thermal Process Engineering, University of Stuttgart, Germany
We set-up a model for the investigation of a linker-free immobilization of cat-
alysts in confined media in an ionic liquid (IL)-mixture. Specifically, we study
the mixture of n-heptane and 1-Butyl-3-methylimidazolium trifluoromethane-
sulfonate ([BMIm]+[Otf]-) in a closed pore geometry with a pore diameter of
5nm. The inner walls of the pore are functionalized in order to tune the polarity
of the pore and its interaction with the solvent. The immobilization of the cata-
lyst is expected to lead to higher turnover rates in the catalysis. Using Molecular
Dynamics simulations, we model the catalyst in the IL-heptane mixture within
the nanopore. Our simulations reveal that the IL accumulates within the pore,
while we also follow the dynamics of all molecules involved in the system. Using
quantum mechanical calculations, we parameterize a force-field for the catalyst,
which is being further used for a more accurate model of the catalyst within the
IL-mixture. Our results provide important information on the influence of steric
and IL-specific effects, the structuring of a varying solvent environment, the pore
functionality, and their interactions with the catalytic center. These aspects pro-
mote a rational design of the catalyst immobilization and point to the relevant
conditions.

CPP 2229 Wed 16:30 CPPp
Self-assembly of silica nanoparticles guided by directional crystallization
of grafted polymers — «ASWATHY MUTTATHUKATTIL!, AFSHIN NABIYAN?,
FEDERICO TOMAZICI, FeELix HELMUT SCHACHERZ, and MicHAEL EnGger! —
'Institute for Multiscale Simulation, Friedrich-Alexander University Erlangen-
Niirnberg, Cauerstrasse 3, 91058 Erlangen, Germany — *Institute of Organic
Chemistry and Macromolecular Chemistry, Friedrich-Schiller University Jena,
Lessingstrafle 8, 07743 Jena, Germany
Self-assembly of nanoparticles (NP) is an efficient bottom-up approach to pro-
duce nanostructures with complex architectures. Here, we report the formation
of an inorganic-organic hybrid network by self-assembly of silica NPs grafted by
poly(2-iso-propyl-2-oxazoline) (PIPOX) at elevated temperatures. To resolve the
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underlying molecular mechanism, we utilize coarse-grained molecular dynam-
ics simulations. Earlier reports stated that PIPOX polymers crystallize into long
fibers guided by directional dipolar interactions between amide groups. Build-
ing on this information, we represent PIPOX monomers by spherical, patchy
beads. Chains of patchy beads represent polymer is attached to NP sphere. Our
simulations of this NP-polymer system characterize the two steps of the self-
assembly process: (1) rapid formation of amorphous aggregates via gelation, me-
diated by interaction between NPs through grafted polymers; (2) slower forma-
tion of diverging fibers via directional crystallization of unbound polymers with
the grafted polymer matrix. The understanding of the molecular mechanism is
a step towards targeted self-assembly for catalysis and other applications.

CPP22.30 Wed 16:30 CPPp
Low-symmetry phases in attraction-driven assembly of nanotriangles —
*MaRrco KLEMENT and MICHAEL ENGEL — Institute for Multiscale Simulation,
IZNF, FAU Erlangen, Erlangen, Germany
Hard triangles at high packing density spontaneously order into high-symmetry
phases [1,2] with wallpaper groups p6 and pemm. Recent experiments with
coated nanotriangles [3] observed additional phases with wall paper groups pmg
and p2. The appearance of these low-symmetry phases depends on the contour
length and grafting density of surfactant polymer ligand molecules. We develop
anovel simulation algorithm for anisotropic interacting nanoparticles, which at-
tribute a majority of the observations to effective rounding of triangle vertices.
The remaining observation, a p2 symmetric phase for the shortest molecules in
use is a consequence of a soft attractive interaction of surfactant molecules.

[1] Gantapara, A. P, Qi, W,, and Dijkstra, M. "A novel chiral phase of achiral
hard triangles and an entropy-driven demixing of enantiomers". Soft Matter 11,
8684-8691 (2015).

[2] Walker, D. A., Browne, K. P, Kowalczyk, B., and Grzybowski, B. A. "Self-
Assembly of Nanotriangle Superlattices Facilitated by Repulsive Electrostatic In-
teractions.”" Angewandte Chemie International Edition 49, 6760%6763 (2010).

[3] Liu, Yang and Klement, Marco and Zhong, Yaxu and Chen, Jun and Engel,
Michael and Ye, Xingchen, "Using Ligand Engineering to Control Self- Assembly
of Polysterol Coated Nano Triangles", in preparation (2021)

CPP 2231 Wed 16:30 CPPp
Pendant drop tensiometry: A machine learning approach — «FELIX KRATZ
and JaN K1ERFELD — Department of Physics, TU Dortmund University, Dort-
mund, Germany
Modern pendant drop tensiometry relies on the numerical solution of the Young-
Laplace equation and allows us to determine the surface tension from a single
picture of a pendant drop with high precision. Most of these techniques solve
the Young-Laplace equation many times over to find the material parameters
that provide a fit to a supplied image of a real droplet. Here, we introduce a
machine learning approach to solve this problem in a computationally more ef-
ficient way. We train a deep neural network to determine the surface tension of
a given droplet shape using a large training set of numerically generated droplet
shapes. We show that the deep learning approach is superior to the current state
of the art shape fitting approach in speed and precision, in particular if shapes in
the training set reflect the sensitivity of the droplet shape with respect to surface
tension. In order to derive such an optimized training set, we clarify the role
of the Worthington number as a quality indicator in conventional shape fitting
and in the machine learning approach. Our approach demonstrates the capa-
bilities of deep neural networks in the material parameter determination from
rheological deformation experiments, in general.

CPP22.32 Wed 16:30 CPPp
Magneto-mechanical response of nanoscale magnetic filaments — DENIZ
MOSTARACI, PeEprO A. SANCHEzl’Z, and +Soria KANTOROVICH™? —
!University of Vienna, Vienna, Austria. — “Ural Federal University, Ekater-
inburg, Russia.
Nanoscopic magnetic filaments (MFs) are magnetic, nano-sized colloids,
crosslinked into polymer-like linear chains. They are a promising platform for
engineering new magnetically controlled filtering and flow control elements
in micro-fluidic devices. Recent advances, advocating an assembly mecha-
nism where the structure building instructions are embedded into nanopar-
ticles via DNA origami frames, synthesis of MFs with desirable mechanical
properties.[2,3] Using MD simulations we have studied how possible crosslink-
ing scenarios and magnetic nature of monomers (ferromagnetic or super-
paramagnetic) influence equilibrium properties of MFs.[4] In this contribution,
we elucidate an interesting phenomenology of MFs, by examining their be-
haviour in a Langevin thermostat (equilibrium properties) and explicit solvent
representations using the Lattice Boltzmann method (dynamics in rotating mag-
netic fields). Magnetization of super-paramagnetic monomers is taken into ac-
count in an accurate manner, inclusive of non-linear contributions. [1] Sdnchez,
P. A, et al. Macromolecules 48.20 (2015): 7658-7669. [2] Liu, W., et al. Nature
chemistry 8.9 (2016): 867. [3] Tian, Y., et al. Nature mate- rials 15.6 (2016): 654.
[4] Mostarac, D., et al. Nanoscale (2020).
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CPP 22.33 Wed 16:30 CPPp
Directing the Diffusion of a Nonmagnetic Nanosized Active Particle with Ex-
ternal Magnetic Fields — «MARTIN Kaiser! and Soria KanTorovicu? —
1Faculty of Physics, University of Vienna, Boltzmanngasse 5, 1090 Vienna, Aus-
tria — *Ural Federal University, Lenin Av. 51, Ekaterinburg 620000, Russian
Federation
With the help of molecular dynamics simulations we show that an arbitrary non-
magnetic active particle with a size below one micrometer, being immersed in
a polydisperse system of magnetic nanoparticles, can diffuse twice faster along
the direction of the applied field than perpendicular to the latter, whereas, for a
monodisperse system, the ratio between diffusion coefficients parallel and per-
pendicular to the field approaches two orders of magnitude, even for magnetic
fields of moderate strength. The ability to direct a non-magnetic active parti-
cle along the magnetic field stems from the formation of chains of magnetic
nanoparticles aligned with the field direction. Such chains form effective chan-
nels through which the active particle can diffuse. We find that the ability to
direct an active particle of a given size can be maximised by changing magnetic
particle concentration so that the tunnels formed by the change have a mean
width of approximately the active particle size.

CPP 2234 Wed 16:30 CPPp

Deformation of Azo-Polymer Droplets by Light: Modeling the Effects of
Light on Glassy Azobenzene Materials — «MARKUS KOCH, MARINA SAPHI-
ANNIKOVA, and OLGA Guskova — Institute Theory of Polymers, IPF Dresden,
Germany
Azobenzene (azo) is the most widespread light-responsive molecule due to
its well-studied trans-cis photoisomerization mechanism. This compound has
gained prominence due to the possibility to create surface relief gratings in azo-
polymer materials using light interference patterns. However, it remains an
open question how light induces mechanical stresses in the material. To study
this process we consider a model system: A droplet composed of PMMA with
azobenzene side chains is exposed to linearly polarized UV-Vis light. Experi-
ments demonstrate, that such droplets deform along the polarization direction
[1]. Here, using all-atom MD simulations two different approaches are applied:
In the first case, the angle-dependent photoisomerization of azobenzene is sim-
ulated explicitly. In the second case, an effective orientation potential acts on the
azo groups [2]. We demonstrate that both approaches lead to the reorientation
of azobenzene in the polymer matrix and discuss the induced deformation of the
droplet.

We thank the German Research Foundation (DFG) for financial support,
project GU 1510/5-1.

[1] Loebner, S. et al., J. Phys. Chem. B, 122 (6), 2001-2009 (2018)

[2] Toshchevikov, V. et al. J. Phys. Chem. Lett., 8 (5), 1094-1098 (2017)

CPP 22.35 Wed 16:30 CPPp
End-Adsorbing Chains in Polymer Brushes: Pathway to Highly Metastable
Switchable Surfaces — sMarkus KocH!, Dirk RoMmers!, and JeENs-UwE
Sommer"™ — !Institute Theory of Polymers, IPF Dresden, Germany —
ZInstitute Theory of Physics, TU Dresden, Germany
Polymer brushes are promising systems for the design of stimulus-responsive
surfaces. In addition, it is often highly desirable to controllably hide or expose
functional groups. To this end, we investigate monodisperse polymer brushes,
which contain a small fraction of end-modified minority chains [1]. The length
of these chains is variable and their end groups can adsorb to the grafting surface.
We study these systems using Scheutjens-Fleer SCF calculations [2], MD simula-
tions, and analytical theory. The conformational changes of the admixed chains
are explored, which depend on their length and the attraction between their end
groups and the surface. Based on the free energy profiles of the adsorption tran-
sition, free energy barriers are extracted, which are in good agreement with our
theoretical predictions. The barriers are strongly reduced upon the collapse of
the brush and can be tuned to attain reversible or irreversible switching behavior.
Financial support by the DFG, project SO 277/17-1, is gratefully acknowl-
edged.
[1] Koch, M., Romeis, D., Sommer, J.-U., Macromolecules, 53 (17), 7356-7368
(2021)
[2] Fleer, G. ., et al. Polymers at Interfaces. London, Chapman and Hall, 1993

CPP 2236 Wed 16:30 CPPp
Fast high-accuracy optimization of delocalized Gaussian sets for eigenfunc-
tions — MOHAMMADREZA EIDI, eBENJAMIN RABE, and JAN-MICHAEL RoST —
Max Planck Institute for the Physics of Complex Systems, Dresden, Germany
Gaussian basis sets are widely used to represent the wave function of atomic and
molecular systems due to their great advantage that matrix elements with Gaus-
sians at different locations can often be calculated analytically [1]. However, it is
not trivial to optimize for a large set of Gaussians {exp(—a;(x — x,-)zli =1,..,N}
the parameters {«;, x;}. Procedures with predefined positions following a geo-
metric series, so called even tempered basis sets (e.g. [2]), have been put forward.
Here we introduce an iterative scheme which optimizes positions and widths si-
multaneously for a given number N of s-type Gaussians. To this end we use only
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during the optimization process auxiliary Gaussians which have in 3D angular
momentum p and d character. This way one gets highly accurate results at low
computational cost, even for small numbers of Gaussians. We will demonstrate
how the method works with explicit 1D examples for various potentials repre-
senting atomic and molecular scenarios. [1] Mitroy, Jim, et al., Rev. Mod. Phys.
85.2 (2013): 693. [2] Cherkes, I, Klaiman, S., and Moiseyev, N., Int. J. Quantum
Chem. 109, 2996 (2009).

CPP 22.37 Wed 16:30 CPPp
Phase behavior of polymeric microemulsion in ternary A+B+AB blends
— sRusSELL SPENCER' and MARK MATSEN® — 1Georg—August Universitat
Gottingen, Institute for Theoretical Physics, 37077 Gottingen, Germany —
“Department of Chemical Engineering, Department of Physics & Astronomy,
and Waterloo Institute for Nanotechnology, University of Waterloo, Waterloo,
Ontario N2L 3G1, Canada
Ternary blends of AB diblock copolymers with A and B homopolymers
microphase segregate into lamellae (LAM) for copolymer-rich blends and
macrophase segregate into A- and B-rich regions for homopolymer-rich blends.
Mean-field theory predicts that these regions are separated by three-phase co-
existence of the LAM, A-rich, and B-rich phases, which terminates at a Lifshitz
critical point. Experiments, however, report that the Lifshitz point is destroyed
by fluctuations and that the three-phase coexistence is replaced by a channel of
bicontinuous microemulsion (BuE). Using field-theoretic simulations, we show
that fluctuations do indeed destroy the Lifshitz point, but that three-phase co-
existence continues to exist. However, at high temperatures, the LAM+A+B co-
existence predicted by mean-field theory is replaced by BuE+A+B coexistence.
We speculate that the single-phase BUE observed in experiments is a result of
kinetic trapping as the blend is cooled from the mixed state.

CPP 22.38 Wed 16:30 CPPp
Understanding the static and dynamic behaviour of stars forming re-
versible networks — ¢KIRAN SURESH KUMARI’Z, ToNI MI’JLLERl’Z, JENS-UWE
SomMER"?, and MicHAEL LanG' — !Leibniz-Institut fiir Polymerforschung
Dresden, Institut Theorie der Polymere, Hohe Strasse 6, 01069 Dresden, Ger-
many — 2nstitute fiir Theoretische Physik, Technische Universitit Dresden,
Zellescher Weg 17, 01069 Dresden, Germany
Reversible networks break and reform continously allowing the material to flow
and self-heal on long time scales while being a solid on short times. Recent exper-
iments and simulation studies find an apparent anomalous superdiffusive regime
in reversible networks by analyzing Forced Rayleigh Scattering (FRS) data [1-3].
The molecular origin of this superdiffusive regime is not yet fully understood.
In our contribution, we approach this problem by computer simulations of FRS
experiments in reversible networks using the Bond Fluctuation Model. We an-
alyze the static properties and the connectivity of individual stars and develop
an analytic model for the statistics of connections. We analyze dynamic proper-
ties of individual stars and compute the collective relaxation as accessible in FRS.
Our goal is to develop a model based upon the molecular statistics that allows to
quantitatively predict the collective dynamics of the reversible network.

[1] Tang, S.; Wang, M.; Olsen , B. D. J. Am. Chem. Soc. 2015, 137, 3946-3957.
[2] Tang, S.; Habicht, A.; Li, S.; Seiffert, S.; Olsen, B. D. Macromolecules 2016,
49, 5599-5608. [3] Ramirez, J.; Dursch, T. J.; Olsen , B. D. Macromolecules 2018,
51, 2517-2525.

CPP22.39 Wed 16:30 CPPp
Self-Assembly of Copolymers in Presence of Solvent Evaporation — «GREGOR
IBBEKEN and MARCUS MULLER — Institut fiir Theoretische Physik, Georg Au-
gust Universitit, Friedrich-Hund-Platz 1, 37077 Géttingen, Deutschland
Integral asymmetric block copolymer membranes constitute a fascinating new
technology for ultrafiltration. Solvent evaporation aligns and facilitates the long-
range order of microphase separating diblock copolymers, which is exploited to
form monodisperse pores. More specifically, we are interested in the emergence
of perpendicularly oriented, cylindric morphologies. We investigate a system
consisting of a diblock copolymer, a solvent and air by use of a continuum model
in which the concentrations act as order parameters. This allows us to explore
the high-dimensional parameter space with a parameter study. Four parameters
turn out to have a dominant influence on emergent morphologies, namely the
polymer volume fraction, the surface preference, the incompatibility of poly-
mer blocks and the evaporation rate. Kinetically, the orientation of cylinders
is determined immediately after the onset of microphase separation. If cylin-
ders become stable when the evolution zone is wide enough, initially developed
spheres elongate vertically. Most notably, this occurs for high evaporation rates.
Additionally, we are able to demonstrate that the kinetic pathways taken are de-
scribable as paths in a two-dimensional parameter space consisting of effective
block ratio f ¢/ and effective segregation strength XN:I{ !
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CPP 2240 Wed 16:30 CPPp
Magnetic nanogels in magnetic field — «Ivan Novikau', PEDRO SANCHEZ!,

and Sor1a Kantorovica?> — 'University of Vienna — ?Ural Federal Univer-

sity

Nanogels (NGs) with multifunctionalized magnetic nanoparticles (MNPs) have
demonstrated the ability to effectively destroy cancer cells in vivo, without caus-
ing visible damage to healthy organs [1]. The presence of MNPs inside the NGs
also offers an additional mechanism to control their properties by means of ap-
plied magnetic fields.

Our study of a suspension of NGs loaded with MNPs in zero-field case showed
that the structural properties of a single gel, and the self-assembly in the given
system, strongly depend on the strength of the dipole-dipole interaction (dipolar
coupling parameter) between the MNPs [2].

Here, we investigate a suspension of magnetic NGs in a constant external mag-
netic field by means of molecular dynamics computer simulations [3]. Each NG
is initially modeled as a system of bead-spring polymer chains randomly cross-
linked into a polymer network. MNPs are arbitrary incorporated into this net-
work.

We find that even weak fields lead to drastic changes in the structure factors of
both, the embedded MNPs and of whole NGs. But what is even more curious, is
that the polymer matrix of nanogels enhances the magnetization of free MNPs.

[1] Qing Wu et al., Nat. Commun., 10 (240), 2019.

[2] Novikau et al., JMMM, 498, 2020.

[3] Novikau et al., J. Mol. Liq., 307, 2020.

CPP 2241 Wed 16:30 CPPp
Water purification with pvdf membrane — «RENE Harner"? and PETER
Krein' — !Fraunhofer ITWM, Kaiserslautern, Deutschland — *TUK, Kaiser-
slautern, Deutschland
We investigate the interaction of crystal and amorphous Polyvinylidenfluorid
(PVDF) membranes with the pharmaceutical diclofenac, i.e. an inflammatory
pain killer, as a surrogate of a wider class of charged drug molecules via the po-
tential of mean force (PMF) method. While the crystal membrane is in polar
beta zigzag form of PVDE, both are created by a structure generator of our own.
We further highlight the features of our structure generator. For both membrane
and diclofenac the Charmm force field is used. Simulations were conducted us-
ing the simulation software NAMD. The PMFs between drug and membrane are
obtained via the adaptive biasing force method ABF and its extended version.
Comparism is drawn between amorphous and crystal PVDF membranes and
their adsorption capabilities are discussed.

CPP 2242 Wed 16:30 CPPp
Separable intermolecular force fields from first principles — «MANUEL KON-
RAD and WOLFGANG WENZEL — Institute of Nanotechnology, Karlsruhe In-
stitute of Technology, Hermann-von-Helmholtz-Platz 1, 76344 Eggenstein-
Leopoldshafen, Germany
The decomposition of intermolecular interactions into physically meaningful
components can be a useful tool to gain a deeper understanding about non-
covalently bonded complexes. However, separable ab initio methods, such as
symmetry adapted perturbation theory (SAPT), are limited to small systems.
Here we present a systematic approach to derive an analytical force field from
a finite number of SAPT calculations while preserving the energy decomposi-
tion of the reference method. For several small organic molecules, we apply this
model in molecular dynamics simulations to compute thermodynamic proper-
ties. The comparison against experimental values shows promising prediction
capabilities. Together with the additional insight from the energy decomposi-
tion, this makes our method a potentially versatile tool for the in silico discov-
ery of new molecular materials, where force field parametrizations can’t rely on
experimental target data.

CPP 2243 Wed 16:30 CPPp
Structure formation in 2D-Copolymer Networks — «GaoyuaN WANG and
MaRrcus MULLER — Institut fiir Theoretische Physik, Friedrich-Hund-Platz 1,
37077 Géttingen
Two-dimensional polymer networks, characterized by a planar geometry, open
new possibilities for the design of polymer molecules with novel properties. Us-
ing large-scale simulations, we study microphase separation in two-dimensional,
defect-free, interpenetrating phantom networks, obtained by crosslinking sym-
metric diblock copolymers. The system exhibits a complex interplay between
the network structure, characterized by the length (geometry) of a unit cell, and
the lamellar microphase with its periodicity that depends on the incompatibil-
ity between the blocks. We investigate the incompatibility at which system mi-
crophase separates as a function of the size of the (unperturbed) unit cell of the
network and quantify the network structure in the microphase-separated state.
Our findings are compared to the microphase separation linear diblock, triblock
and multiblock copolymers as well as to the mechanical properties of networks.
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— Invited Talks, Contributed Talks, and Posters —

DY 1: Wetting - organized by Stefan Karpitschka (Max Planck Institute for Dynamics and
Self-Organization, Gottingen) (joint session CPP/DY)

Time: Monday 9:00-16:30

See CPP 3 for details of this session.

Location: CPPb

DY 2: Fluid Physics 1 - organized by Stephan Weiss and Michael Wilczek (Gottingen)

Time: Monday 9:00-10:00

DY 2.1 Mon9:00 DYa
Transition to the ultimate regime in a stochastic model for radiatively
driven turbulent convection — ¢MARTEN KLEINI, HEeiko SCHMIDTI, and
ALAN R. KersTEIN? — 'Lehrstuhl Numerische Stromungs- und Gasdynamik,
Brandenburgische Technische Universitit Cottbus-Senftenberg, Germany —
2Consultant, Danville, California, USA
Heat transfer in thermal convection is investigated using the stochastic one-
dimensional-turbulence model (ODT). A Boussinesq fluid of Prandtl number
1 is confined between two horizontal adiabatic no-slip walls (located at z = 0
and H) and exposed to constant gravity that points in vertical (—z) direction.
A flow is driven by radiative heating from below yielding the local heating rate
Q(z) = (P/¢) exp(—z/€), where P is the prescribed heat flux and £ the absorption
length. ODT resolves all relevant scales of the flow, including molecular-diffusive
scales, along a vertical one-dimensional domain, whereas stochastically sampled
eddy events represent the effects of turbulent advection. ODT results reproduce
and extrapolate available reference experiments direct numerical simulations of
Lepot et al. (Proc. Natl. Acad. Sci. USA, 115, 2018, pp. 8937-8941) and Bouillaut
et al. (J. Fluid Mech., 861, 2019, R5) in particular capturing the turbulent transi-
tion from the classical to the ‘ultimate’ regime. For these regimes, the exponent
values in Nu ~ Ra? scaling are found to be p = 0.3 and p = 0.55, respectively,
in agreement with measured values. Joint probabilities of eddy size and location
indicate that the regime transition is accompanied by a relative increase of bulk
turbulence.

DY 22 Mon9:20 DYa
Reservoir Computing of Dry and Moist Turbulent Rayleigh- Bénard Convec-
tion — eFLORIAN HEYDER, SANDEEP PANDEY, and JORG SCHUMACHER — TU
Ilmenau, Ilmenau, Germany
Reservoir Computing (RC) is one efficient implementation of a recurrent neu-
ral network that can describe the evolution of a dynamical system by supervised
machine learning without solving the underlying nonlinear partial differential
equations. We apply such a neural network to approximate the large-scale evolu-
tion and the resulting low-order turbulence statistics of two-dimensional dry and
moist Rayleigh-Bénard convection. We acquire training and test data by long-
term direct numerical simulations (DNS). They are postprocessed by a Proper
Orthogonal Decomposition (POD) with the snapshot method. The training data

Location: DYa

comprise time series of the first 150 POD modes, which are associated with the
largest total energy amplitudes and thus the large-scale structure of the flows.
Feeding the data to the Reservoir Computing model and optimizing the reservoir
parameters results in predictions for the evolution of the dry and moist convec-
tion flows. The prediction capabilities of our model are comprehensively tested
by a comparison with DNS and test data, the latter of which are reconstructed
from the most energetic POD modes. Vertical profiles of mean thermodynamic
fields and their mean vertical transport show good agreement. We find that RC
is capable to model the large-scale structure and low-order statistics of dry and
moist turbulent convection. This shows potential for subgrid-scale turbulence
parameterization in large-scale atmospheric circulation models.

DY 2.3 Mon9:40 DYa
Generation of zonal flows in convective systems by travelling thermal
waves — sPHILIPP REITER', RODION STEPANOV?, and OLGA SHISHKINA' —
'Max Planck Institute for Dynamics and Self-Organization, Gotttingen, DE —
*Institute of Continuous Media Mechanics, Russian Academy of Science, Perm,
RU
In this work we study the effects of travelling thermal waves which are applied
at the fluid layer, specifically on the formation of global mean horizontal (zonal)
flow. Earlier studies suggest that the periodic heating of the Earth’s, due to Earth’s
rotation, could cause zonal winds in the atmosphere. Additionally, the 4-day ret-
rograde rotation in the Venus® atmosphere might be driven by such a periodic
thermal forcing. In this work we revisited an existing theoretical model and val-
idated it by means of direct numerical simulations (DNS). Furthermore, we ex-
panded the analysis above the limits of the theory and studied travelling thermal
waves in strongly convective flows.

Our results can be summarized as follows. The 2D simulations show excellent
agreement with the theoretical model for low Rayleigh numbers (Ra). For larger
Ra, the theory overestimates the magnitude of the zonal flows. However, the
asymptotic scalings are still valid. The 3D system shows very similar character-
istics than the 2D flows, therefore we provide further evidence for the relevance
of this problem to natural systems. Finally, we show that the direction of the in-
duced mean zonal flows can change. While it is always directed opposite to the
travelling wave (retrograde) for low Ra flows, as the Ra increases the zonal flow
is often found in a prograde state.

DY 3: Statistical Physics 1 - organized by Barbara Drossel (Darmstadt), Sabine Klapp (Berlin) and
Thomas Speck (Mainz)

Time: Monday 9:00-10:40

DY 3.1 Mon9:00 DYb
The Five Problems of Irreversibility* — <MICHAEL TE VRUGT — Institut
fiir Theoretische Physik, Center for Soft Nanoscience, Westfalische Wilhelms-
Universitdt Miinster, D-48149, Miinster, Germany
Macroscopic thermodynamics has a clear arrow of time: Systems irreversibly
approach equilibrium accompanied by a monotonous increase of entropy. This
stands in contrast to the laws of microscopic theories, which are invariant under
time-reversal. The question how this difference can be explained has created a
long debate, with suggestions involving coarse-graining methods as well as cos-
mological considerations about the entropy of the early universe. In this talk,
I will show that a part of the difficulty in solving the problem of irreversibility
arises from the fact that it actually consists of five different sub-problems [1],
which are mixed in most discussions. Understanding why these problems have
to be distinguished and how they are related to each other then allows to solve
them on the basis of modern nonequilibrium statistical mechanics. The general

80

Location: DYb

approach is illustrated using the example of dynamical density functional theory
(DDFT) [2].

[1] M. te Vrugt, arXiv:2004.01276 (2020)

[2] M. te Vrugt, H. Léwen, and R. Wittkowski, Advances in Physics 69, 121-
247 (2020)

*Funded by the Deutsche Forschungsgemeinschaft (DFG) - WI 4170/3-1

DY 32 Mon920 DYb
Thermodynamic Uncertainty Relation for Time-Dependent Driving —
*TiMur Koyuk and Upo SEIrerT — IL Institut fiir Theoretische Physik, Uni-
versitdt Stuttgart, 70550 Stuttgart, Germany
Thermodynamic uncertainty relations yield a lower bound on entropy produc-
tion in terms of the mean and fluctuations of a current. In this talk we will present
the general form of the thermodynamic uncertainty relation for systems under
arbitrary time-dependent driving from arbitrary initial states [1]. This approach
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unifies earlier derived relations valid for discrete Markovian systems or contin-
uous overdamped Langevin systems. One powerful application of the TUR is to
infer entropy production by observing an arbitrary current and its fluctuations
without knowing the details of the interactions or underlying topology of the
network. In this context we will extend the TUR beyond currents to state vari-
ables, which allows one to estimate entropy production by only observing, e.g., a
binary observable. We will illustrate the quality of the bounds for various types
of observables for the dynamical unfolding of a small protein, which is based
on extant experimental data. As another important application of the TUR we
will show how to bound the efficiency of cyclic heat engines by using the TUR
for periodically driven systems [2]. This bound on the efficiency involves the
output power, its fluctuations as well as its response with respect to the driving
frequency. It thus imposes fundamental constraints on every cyclic stochastic
heat engine for reaching Carnot efficiency.

[1] T. Koyuk and U. Seifert, Phys. Rev. Lett. 125, 260604 (2020).

[2] T. Koyuk and U. Seifert, Phys. Rev. Lett. 122, 230601 (2019).

DY 3.3 Mon9:40 DYb

Thermodynamic Uncertainty Relation for a Stochastic Field Theory - KPZ-
Equation as a Paradigmatic Example — +OLIVER NIGGEMANN and Upo
SEIFERT — IL Institut fiir Theoretische Physik, Universitét Stuttgart
Recently, a thermodynamic uncertainty relation (TUR) for a generic stochastic
field theory has been proposed [1]. In this talk, I will first formulate a framework
which describes the constituents of the field-theoretic TUR, namely current, en-
tropy production and diffusivity. This general setting is then applied to the (1+1)-
dimensional Kardar-Parisi-Zhang (KPZ) equation, a paradigmatic example of a
non-linear field-theoretic Langevin equation. In particular, I will treat the di-
mensionless KPZ-equation with an effective coupling parameter, A.¢, measuring
the strength of the non-linearity. It will be shown that the field-theoretic TUR
holds both in the weak and strong coupling regimes and that its value depends
on Aggr [2]. For Agg | 0, the TUR product is equal to 5, whereas for Aog > 1 it
grows linearly with A.¢. There is no value for A.¢ with the TUR product being
saturated. Furthermore, I will present numerical simulations of the TUR con-
stituents and the TUR product itself. These simulations display good agreement
with the theoretical results for both the weak and strong coupling regime.

[1] Niggemann, O. and Seifert, U. J Stat Phys 178, 1142-1174 (2020).
https://doi.org/10.1007/s10955-019-02479-x

[2] Niggemann, O. and Seifert, U. ] Stat Phys 182, 25

https://doi.org/10.1007/s10955-020-02692-z

(2021).

DY 3.4 Mon10:00 DYb
Entropy Production in Open Systems: The Predominant Role of Intraen-
vironment Correlations — «KRzyszTOF PTAszyXskr' and MASSIMILIANO
EsposiTo® — Institute of Molecular Physics, Polish Academy of Sciences, Mar-
iana Smoluchowskiego 17, 60-179 Poznari, Poland — *Complex Systems and
Statistical Mechanics, Department of Physics and Materials Science, University
of Luxembourg, L-1511 Luxembourg, Luxembourg
We show [1] that the entropy production in small open systems coupled to envi-
ronments made of extended baths is predominantly caused by the displacement
of the environment from equilibrium rather than, as often assumed, the mutual
information between the system and the environment. The latter contribution
is strongly bounded from above by the Araki-Lieb inequality, and therefore is
not time-extensive, in contrast to the entropy production itself. Furthermore,
we show that in the thermodynamic limit the entropy production is associated
mainly with generation of the mutual information between initially uncorrelated
environmental degrees of freedom. We confirm our results with exact numerical
calculations of the system-environment dynamics.

[1] K. Ptaszynski, M. Esposito, Phys. Rev. Lett. 123, 200603 (2019)

DY 3.5 Mon 10:220 DYb
Negative entropy production rates in Drude-Sommerfeld metals — MARCUS
V.S. BONAN(;AI, PIERRE NAZﬁl, and SEBASTIAN DEFENER>! — !Universidade
Estadual de Campinas, Campinas, Brazil — University of Maryland, Baltimore
County, Baltimore, USA
It is a commonly accepted creed that in typical situations the rate of entropy pro-
duction is non-negative. We show that this assertion is not entirely correct if a
time-dependent, external perturbation is not compensated by a rapid enough
decay of the response function. This is demonstrated for three variants of the
Drude model to describe electrical conduction in noble metals, namely the clas-
sical free electron gas, the Drude-Sommerfeld model, and the Extended Drude-
Sommerfeld model. The analysis is concluded with a discussion of potential ex-
perimental verifications and ramifications of negative entropy production rates.
[1] Marcus V. S. Bonanga, Pierre Nazé, and Sebastian Deftner, Phys. Rev. E
103, 012109 (2021)

DY 4: Invited Talk: Yujie Wang (Shanghai)

Time: Monday 9:00-9:30

Invited Talk DY 41 Mon9:00 DYc
X-ray tomography investigation of cyclically sheared granular materials —
*YujiE WANG — School of Physics and Astronomy, Shanghai Jiao Tong Univer-
sity, 800 Dongchuan Road, Shanghai 200240, China

We perform combined x-ray tomography and shear force measurements on a
cyclically sheared granular system with highly transient behaviors, and obtain

Location: DYc

the evolution of microscopic structures and the macroscopic shear force during
the shear cycle.We explain the macroscopic behaviors of the system based on
microscopic processes, including the particle level structural rearrangement and
frictional contact variation. Specifically, we show how contact friction can in-
duce large structural fluctuations and cause significant shear dilatancy effect for
granular materials, and we also construct an empirical constitutive relationship
for the macroscopic shear force.

DY 5: Active Biological Matter I (joint session BP/DY/CPP)

Time: Monday 9:00-11:00

See BP 2 for details of this session.

Location: BPb

DY 6: Granular Physics 1 - organized by Matthias Sperl (KoIn)

Time: Monday 9:30-10:30

DY 6.1 Mon9:30 DYc
Flow study for poly-dispersed dense granular suspension in Non-Newtonian
media, mimicking concrete flow — «HIMANSHU P PATEL, PEYMAN RosTAMI,
and GUNTER K AUERNHAMMER — Leibniz-Institut fiir Polymerforschung Dres-
den e. V., Hohe Strafe 6, D-01069 Dresden, Germany
The study of internal flow dynamics and associated particle migration for poly-
dispersed dense granular suspension, e.g., flowing concrete, still lacks quantifi-
cation on a single particle level.

We use a macroscopically highly transparent model system for concrete and
cement paste [1] that is a dense granular suspension of particles suspended in
non-Newtonian media (particle volume fractions of 42% to 48%). The model
system mimics the rheology behavior of cement paste (yield stress and plastic
viscosity) and is completely index matched. The rheological characteristics of
the model system is tunable through its composition of additives.
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We analyze gravity-assisted continuous flow for the model system through
a cylindrical pipe. Our setup allows tracking of polydisperse tracer particles at
different sections of the pipe and near its wall using diffused back-light illumina-
tion. The flow analysis revels a flow profile similar to a plug flow and a migration
of larger towards the central region of the flow. Sliding and rolling motion of the
particles is observable. The lubrication layer thickness is also evaluated in the
study.

[1] Auernhammer, Giinter K., et al., Materials & Design (2020): 108673.

DY 6.2 Mon 9:50 DYc
Uncertainty relations for mesoscopic coherent light — «OHAD SHPIELBERG —
University of Haifa, Haifa, Israel
Thermodynamic uncertainty relations unveil useful connections between fluctu-
ations in thermal systems and entropy production. This talk extends these ideas
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to the disparate field of zero temperature quantum mesoscopic physics where
fluctuations are due to coherent effects and entropy production is replaced by
a cost function defined using a novel disorder reversal operator. A simple ex-
pression is obtained for the average cost function, which depends on the dimen-
sionless conductance g and on a geometrical factor B controlled by boundary
conditions. Contrary to thermodynamic machines aimed at minimising fluc-
tuations to increase precision, it is desirable in mesoscopic devices to increase
coherent effects. The cost function indicates that increasing coherent effects can
be achieved by playing with the geometry and boundary conditions through B
and not only by decreasing the bulk conductance g.

DY 6.3 Mon10:10 DYc
Coupling between rotational and translational motions of a vibrated polyg-
onal disk — «SIMEON VOELKEL' and Ka1 HuanG"? — 1Experimentalphysik v,
Universitit Bayreuth, 95440 Bayreuth, Germany — *Institute of Applied Phys-
ical Sciences and Engineering, Division of Natural and Applied Sciences, Duke
Kunshan University, No. 8 Duke Avenue, Kunshan, Jiangsu, China 215316

We investigate experimentally the dynamics of a single polygonal disk (regular
n-gon with 3 < n < 8) under vertical vibrations against gravity. The disks tend
to precess continuously upon vibrations, transferring the mechanical energy in-
jection into the rotational as well as the translational degrees of freedom (DoF)
spontaneously. An analysis of the velocity distribution functions in both DoF
suggests that the mobility in both DoF are coupled with each other with a pre-
ferred angular velocity that depends on the confinement, the geometry of the
disk as well as the driving condition. The favored angular velocity can be cap-
tured with a model considering sustainable precession due to continuous driv-
ing. We also find a regime in the parameter space where the kinetic energy in
both DoF agree with each other, despite of the strong energy dissipation and
fluctuations in the system upon frequent collisions of the disk with the vibrating
plates.

DY 7: Invited Talk: Basile Gallet (Saclay)

Time: Monday 10:00-10:30

Invited Talk DY 7.1 Mon10:00 DYa
Can convective heat transport be more efficient than the so-called ’ultimate’
regime? — «BASILE GALLET — CEA Saclay, Gif-sur-Yvette, France.

Decades of investigation of the Rayleigh-Bénard (RB) thermal convection setup
indicate that the heat transport is restricted by boundary layers near the hot
and cold solid plates. This prevents the unambiguous observation of the ‘ulti-
mate’ scaling-regime of thermal convection, where bulk turbulence controls the
convective heat flux independently of molecular diffusivities. In contrast to the
RB setup, many geophysical and astrophysical convective flows are driven radia-
tively: absorption of light by a body of fluid induces local internal heating. We
have developed a laboratory experiment that reproduces such radiative heating:

Location: DYa

heat is directly input inside the bulk turbulent flow and away from the boundary
layers.

After providing experimental and numerical evidence that this setup leads to
the ultimate regime of thermal convection, I will discuss the maximum theoret-
ical Nusselt number that can be achieved by such internally heated and cooled
convection. I will show that there exist steady laminar solutions that transport
heat more efficiently than the ultimate regime, with a scaling behavior Nu~Ra.
These solutions can be stable in 2D, but they are unstable in 3D and quickly
evolve into a turbulent state. I will show that a maximization of the heat trans-
port over turbulent flows only leads to an upper bound on the Nusselt number
that is proportional to the square root of the Rayleigh number, in line with the
experimental data.

DY 8: Fluid Physics 2 - organized by Stephan Weiss and Michael Wilczek (Gottingen)

Time: Monday 11:00-13:00

DY 8.1 Mon11:00 DYa
Interpreted machine learning: Explaining relaminarisation events in wall-
bounded shear flows — MARTIN LELLEP, JONATHAN Prext?, BruNO
EckHARDT’, and «MorITz LINKMANN® — 'School of Physics and Astronomy,
University of Edinburgh, UK — Dept. of Civil, Geo and Environmental Engi-
neering, Technical University of Munich, Germany — *Dept. Physics, Philipps-
University of Marburg, Germany — *School of Mathematics and Maxwell Insti-
tute for Mathematical Sciences, University of Edinburgh, UK
Machine Learning (ML) is becoming increasingly popular in fluid dynamics.
Powerful ML algorithms such as neural networks or ensemble methods are no-
toriously difficult to interpret. Here, we use the novel Shapley Additive Explana-
tions (SHAP) algorithm (Lundberg & Lee, 2017), a game-theoretic approach that
explains the output of a given ML model, to ascertain which physical processes
are significant in the prediction of relaminarisation events in wall-bounded par-
allel shear flows. The flow is described by an established low-dimensional model
whose variables have a clear physical and dynamical interpretation in terms of
known representative features of the near-wall dynamics, i.e. streamwise vor-
tices, streaks and linear streak instabilities. We consistently find only three
modes to play a major role in the prediction: the laminar profile, the stream-
wise vortex, and a specific streak instability. SHAP thus distinguishes represen-
tative from significant features, hence we demonstrate that it is an explainable
AT method which can provide useful and human-interpretable insight for fluid
dynamics.

DY 8.2 Mon11:20 DYa
Small scale structures of turbulence in terms of entropy and fluctuation the-
orems — ANDRE FUCHSI, *JOACHIM PEINKEI, MATTHIAS WACHTERI, SiLvio M
DURATE QUEIROSZ, ALAIN GIRARDS, and PEDRO G Linp? — 1ForWind, Inst
Physik , University of Oldenburg, — ZCentro Brasileiro de Pesquisas Fisicas
and National Institute of Science and Technology for Complex Systems, Rio de
Janeiro - RJ, Brazil — 3INAC-SBT, UMR CEA-Grenoble, 38054 Grenoble, France
— *Department of Computer Science, OsloMet - University, N-0130 Oslo, Nor-
way
Experimental evidence that the integral fluctuation theorem as well as a detailed-
like fluctuation theorem holds for large entropy values of the turbulent cascade
processes. Stochastic equations describing the scale-dependent cascade process
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are derived. From individual cascade trajectories an entropy term can be de-
termined. The statistical fluctuation theorems set the occurrence of positive and
negative entropy events in strict relation, which is consistent with a stochastic de-
scription of the turbulence by a Fokker-Planck equation. Most interestingly the
entropy concept of cascade trajectories is linked to turbulent structures: Whereas
trajectories with entropy- production show expected decreasing behavior; trajec-
tories with entropy-consumption end at small scale at velocity increments with
finite size and show a lower bound for small scale increments. This indicates a
tendency to local discontinuities in the velocity field. Our current research indi-
cates that the velocity increment dynamics through scales in the cascade process
can be described by applying an instanton approach.

DY 83 Mon11:40 DYa
Statistical geometry of material loops in turbulence — Lukas BENTKAMP',
THEODORE D. DRIVASz, CRISTIAN C. LALESCUS, and «MICHAEL WILCZEK' —
! Max Planck Institute for Dynamics and Self-Organization, Géttingen, Germany
— 2Stony Brook University, Stony Brook, USA — *Max Planck Computing and
Data Facility, Garching, Germany
Turbulent mixing is often characterized by the statistics of one- or two-particle
dispersion. An even more comprehensive characterization of the complexity of
turbulent mixing can be achieved by capturing the evolution of extended mate-
rial lines and surfaces. Here, we investigate the statistical geometry of material
loops, i.e. closed material lines, by combining simulations, statistical turbulence
theory, and dynamical systems theory. Tracking these structures in direct nu-
merical simulations of homogeneous isotropic turbulence reveals that, while the
loops develop convoluted shapes over time, their statistical geometry approaches
a stationary state. In particular, their curvature distribution forms clear power-
law tails, which we analytically determine in the framework of the Kraichnan
model. Dynamically, we show that the high-curvature regime is dominated by
the formation of isolated folds and that the power-law exponent can be related
quantitatively to finite-time Lyapunov exponents. Thereby, the statistical geom-
etry of material lines can be traced back to their dynamical evolution.
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DY 84 Mon12:00 DYa
Velocity measurements in rotating Rayleigh-Bénard convection and the
Boundary Zonal Flow — MARCEL WEDI', «DENIS FUNESCHILLING?, and
StEPHAN WEIss' — ! Max-Planck-Institute for Dynamics and Self-Organization,
Gottingen, Germany — *Université Strasbourg, France
Rotating turbulent thermal convection is of great importance in various astro-
and geophysical systems, where the buoyancy driven flow strongly influenced
by Coriolis forces due to rotation of the celestial bodies. It has been studied for
decades in the so-called Rayleigh-Bénard setup, where a horizontal fluid layer is
heated at the bottom and cooled at the top and rotated around the vertical axis.
We investigate the horizontal velocity field using 2D-particle image velocimetry
(PIV) in a cylindrical cell (H = 196 mm high) with aspect ratioI' = D/H = 1.
We use water and various water-glycerol mixtures as working fluid resulting in
a Prandtl number (Pr) in the range 6 < Pr < 70 and Rayleigh numbers (Ra)
10® < Ra < 2 x 10°. With our rotating table we reach Ek as low as 10™>. We are
mainly interested in studying the recently discovered Boundary Zonal Flow (BZF,
see Zhang et al,, Phys.Rev.Lett. 2020). The BZF is observed in a region close to
the lateral sidewall with a cyclonic flow, i.e, a positive mean azimuthal velocity
that is separated from and anticyclonic bulk, with negative mean azimuthal ve-
locity. We measure the size of the BZF as a function of Ek and Ra, and compare
the results with DNS (Zhang and Shishkina, 2020).

DY 8.5 Mon12:20 DYa
Transport and rotation statistics of self-propelled ellipsoids in turbulence —
¢JOSE-AGUSTIN ARGUEDAS-LEIVA and MICHAEL WILCZEK — Max Planck Insti-
tute for Dynamics and Self-Organisation, Am Fassberg 17, 37077, Goettingen,
Germany
Many plankton species are motile. Motility is, for example, key for grazing and
evading predation. Apart from the swimming speed, shape is a critical parameter
in defining the response to hydrodynamic flows. A comprehensive understand-
ing of the relation between the relevant particle parameters, shape and motility,
and their transport properties and encounter rates in turbulent flows is still miss-
ing. Here, we study self-propelled ellipsoids in turbulence as a simple model for

motile microorganisms in aquatic environments. Using direct numerical simu-
lations we find non-trivial dispersion properties and rotation statistics as a result
of a complex interplay between turbulent advection, motility, and particle spin-
ning and tumbling rates. We show that one important aspect is the effect of rota-
tion on particle transport. In contrast to spinning, tumbling constantly changes
particle orientation. As tumbling rates are shape-dependent, this leads to intrin-
sically different transport properties for differently shaped particles. Our investi-
gation thus helps to characterize the intricate dynamics of self-motile ellipsoids
in turbulent flows and sheds light on the role played by shape and motility.

DY 8.6 Mon 12:40 DYa
Lagrangian Turbulence at Unprecedented Reynolds Numbers — ¢«CHRISTIAN
KI"JCHLERI’Z, ANTONIO IBANEZ LANDETAI’Z, JaNn MOLACEKI, and EBER-
HARD BopenscHATz">® — !Max-Planck-Institute for Dynamics and Self-
Organisation, Gottingen, Germany — “Institute for the Dynamics of Complex
Systems of the University of Géttingen, Germany — >Cornell University, Ithaca,
USA
The Lagrangian reference frame, in which turbulence is viewed by tracking fluid
elements over time, is the natural framework for studying transport and mix-
ing phenomena (Sawford (2001)) and previously unexplored properties of tur-
bulence (Toschi & Bodenschatz (2009)). Particularly important Lagrangian dy-
namics occur at large Reynolds numbers, e.g. the formation of clouds and pre-
cipitation. To our knowledge, the Variable Density Turbulence Tunnel (Boden-
schatz et al. (2014)) is the only apparatus capable of generating turbulence at
Taylor-scale Reynolds numbers up to 6000, while permitting Lagrangian mea-
surements. In addition, the turbulence generation is highly adjustable through
a uniquely flexible active grid (Griffin et al. (2019)) and by tuning the pressure
of the working fluid SF6 up to 15 bar. Here we present the first measurements
of Lagrangian particle tracking in this high-pressure environment. We describe
the particle injection mechanism, the high-speed camera setup, and the illumi-
nation system. We present initial results of particle accelerations at Reynolds
numbers greater than 3000, marking the highest Reynolds numbers at which
such statistics have ever been recorded. Finally, we provide an outlook on the
overall capabilities of the setup.

DY 9: Statistical Physics 2 - organized by Barbara Drossel (Darmstadt), Sabine Klapp (Berlin) und
Thomas Speck (Mainz)

Time: Monday 11:00-13:00

DY 9.1 Mon11:00 DYb
Path integral approach to strong fluctuations in chemical reaction network
dynamics using the Plefka expansion — «MosHIR HARSH and PETER SOLLICH
— Institut fiir Theoretische Physik, Georg-August-Universitit, Gottingen, Ger-
many
Biochemical reaction networks such as gene regulation, protein interaction and
signalling pathways involve the participation of just a few copies of some key
molecular species. With the advent of modern capabilities in live quantitative
fluorescence microscopy and spectroscopy, the dynamics of a number of molec-
ular species in these networks can be observed experimentally. However, infer-
ring dynamical parameters from such data remains a challenge as the trajecto-
ries of low copy number species show large fluctuations, causing approximate
approaches like the Fokker-Planck equation and moment closure to fail in this
regime, while the in principle exact master equation has no general analytical
solution.

Here we present an alternative method based on constructing the path integral
for the dynamics of a generic reaction network, which is then treated within a
Gaussian approximation by constraining the first and the second order statistics
of the field variables using the systematic Plefka expansion of the dynamical free
energy. We develop the method to treat any system of reactions in full generality
and show its applicability and accuracy across a range of example systems. The
approximate path integral can also form the basis for making inferences from
experimentally measured dynamics.

DY 92 Mon11:20 DYb
Negative dissipation and instability in systems with distributed delay —
«SARAH A.M. Loosl, SIMON HERMANNZ, and SaBINE H.L. KrLapp® —
!Universitit Leipzig — *Humboldt-Universitit zu Berlin — >Technische Uni-
versitit Berlin
Many natural and artificial systems are subject to some sort of delay, which can
be in the form of a single discrete delay or distributed over a range of times.
Here, we discuss the impact of this distribution on (thermo-)dynamical prop-
erties of time-delayed stochastic systems. To this end, we study a simple model
with white and colored noise, and focus on the class of Gamma-distributed de-
lays which includes a variety of distinct delay distributions typical for feedback
experiments and biological systems. A physical application is a colloid subject
to time-delayed feedback control, which is, in principle, experimentally realiz-
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able by co-moving optical traps. We uncover several unexpected phenomena in
regard to the system’s linear stability and its thermodynamic properties. First,
increasing the mean delay time can destabilize, or stabilize the process, depend-
ing on the distribution of the delay. Second, for all considered distributions, the
heat dissipation of the controlled system (e.g., the colloidal particle) can become
negative, which implies that the delay force extracts energy of the heat bath. This
refrigerating effect is particularly pronounced for exponential delay. The expo-
nential delay further yields the largest stable parameter regions. In this sense,
exponential delay represents the most effective and robust type of delayed feed-
back.

DY 9.3 Mon11:40 DYb

On the fluctuation-dissipation theorem of a buckminster fullerene —
«ANDREAS BaER!, Davip Smrth?, and ANA-Suncéana Smrta>? — 'PULS
Group, Institute for Theoretical Physics, Friedrich-Alexander-Universitat
Erlangen-Niirnberg, Erlangen, Germany — Division of Physical Chemistry,
Ruder Boskovi¢ Institute, Zagreb, Croatia
The fluctuation-dissipation theorem goes back to the first half of the last cen-
tury with a lot of work in statistical physics sharpening the limits of applicabil-
ity [1]. The Stokes-Einstein relation is a direct consequence of the fluctuation-
dissipation theorem and was recently, within an experimental study, argued to be
valid for dissolved buckminster fullerenes [2], while theoretical and simulation
studies deny the applicability at such small scales [3]. We perform both equi-
librium and constrained molecular dynamics studies of a buckminster fullerene
dissolved in toluene. Retrieving velocity and force autocorrelation functions,
we can directly show the failure of the fluctuation-dissipation theorem. Addi-
tionally, transport coefficients obtained via the Green-Kubo formalism can be
compared to the friction coefficient retrieved from the ratio of pulling force and
resulting velocity to test the Stokes-Einstein relation. We outline the most impor-
tant assumptions of the theory not fulfilled and provide a solution to the apparent
contradiction with experimental studies.

[1] Zwanzig, R., Annu. Rev. Phys. 1965, 16, 67-102

[2] Pearson, J. et al,, J. Phys. Chem. Lett. 2018, 9, 6345-6349

[3] Schmidt J. R. et al., J. Phys. Chem. B 2004, 108, 21, 6767-6771
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DY 9.4 Mon12:00 DYb
Quantifying configurational information for a stochastic particle in a flow-
field — *EVELYN TANG' and RAMIN GOLESTANIAN"? — 'Max Planck Institute
for Dynamics and Self-Organization (MPIDS), 37077 Gottingen, Germany —
Rudolf Peierls Centre for Theoretical Physics, University of Oxford, Oxford OX1
3PU, United Kingdom
Flow-fields are ubiquitous systems that are able to transport vital signaling
molecules necessary for system function. While information regarding the loca-
tion and transport of such particles is often crucial, it is not well-understood how
to quantify the information in such stochastic systems. Using the framework of
nonequilibrium statistical physics, we develop theoretical tools to address this
question. We observe that rotation in a flow-field does not explicitly appear in
the generalized potential that governs the rate of system entropy production.
Specifically, in the neighborhood of a flow-field, rotation contributes to the in-
formation content only in the presence of strain — and then with a comparatively
weaker contribution than strain and at higher orders in time. Indeed, strain and
especially the flow divergence, contribute most strongly to transport properties
such as particle residence time and the rate of information change. These re-
sults shed light on how information can be analyzed and controlled in complex
artificial and living flow-based systems.

DY 9.5 Mon 12:20 DYb
Asymmetric nascent Dirac delta functions and their application to probabil-
ity and mechanics — «JENS CHRISTIAN CLAUSSEN — Department of Mathemat-
ics, Aston University, Birmingham, UK
The Dirac delta distribution is ubiquitious from quantum mechanics and sta-
tistical physics to Fourier analysis. In theoretical physics lectures, a commonly

presented approach uses a series of nascent delta functions which are normalized
and localized and converge point-wise to zero except at the origin. For simplic-
ity, nascent delta functions are usually chosen to be even, i.e. §,(x) = J,(x).
However, this is not a necessary assumption, and in physical interactions as the
inelastic collision of two rigid bodies, the force between the particles as a func-
tion of time may follow an asymmetric profile; nevertheless with the total mo-
mentum transferred in a Dirac delta pulse in the limit of an infinesimal short
interaction time.

Here I discuss asymmetric nascent Dirac delta functions and their implica-
tions in probability and physics. The gross advantage of asymmetric nascent
delta functions is found in their application to probability theory. By introduc-
tion of totally asymmetric nascent delta functions, the inconsistencies of using
the Dirac delta in mixed discrete-continuous probability spaces when arriving
at the cumulative distribution function are resolved. It is anticipated that asym-
metric nascent delta functions find further applications in mathematical physics
and the theory of measurement.

DY 9.6 Mon12:40 DYb
Hilbert space average of transition probabilities — «Nico HAHN, THOMAS
GUHR, and DANIEL WALTNER — Faculty of Physics, University of Duisburg-
Essen, Lotharstr. 1, 47057 Duisburg, Germany
The typicality approach and the Hilbert space averaging method as its technical
manifestation are important concepts of quantum statistical mechanics. Exten-
sively used for expectation values we will extend them to transition probabili-
ties. We find that the transition probability of two random uniformly distributed
states is connected to the spectral statistics of the considered operator. We will
demonstrate our quite general result for a kicked spin chain.

DY 10: Granular Physics 2 - organized by Matthias Sperl (K6In)

Time: Monday 11:00-13:00

DY 10.1 Mon 11:00 DYc

Particle shape-dependence of the stability properties of granular piles —
*STEFFEN RICHTERS-FINGER and STEFAN J. LiNz — Institut fiir Theoretische
Physik, Westfilische Wilhelms-Universitit Miinster, Germany
It is well known that the shape of particles has a major influence on the behav-
ior of densely packed granular matter making it an important subject of interest
for various applications. Multiple schemes for the numerical simulation of non-
spherical particles have previously been proposed in the literature [1].

Applying a discrete function representation (DFR) approach for collision de-
tection, we investigate the shape-dependence of the stability properties (e.g. crit-
ical angle of stability) of a granular pile in a two-dimensional discrete element
model for a wide range of polar geometries generated by the so-called superfor-
mula [2].
[1] G. Ly, J.R. Third, C.R. Miiller, Chem. Eng. Sci. 127, 425-465 (2015).
[2] J. Gielis, Am. J. Bot. 90, 333-338 (2003).

DY 10.2 Mon 11:20 DYc
Machine learning aided tracking of rod-like particles in 3D microgravity ex-
periments on granular gases — «DMITRY PUZYREV, KIRSTEN HARTH, TORSTEN
TRITTEL, and RALF STANNARIUs — Institute of Physics, Otto von Guericke Uni-
versity, Magdeburg, Germany
Granular gases are nonlinear systems which exhibit fascinating dynamical be-
havior far from equilibrium, including unusual cooling properties, clustering
and violation of energy equipartition. Our investigation is focused on 3D micro-
gravity experiments with dilute ensembles of rod-like particles, where the mean
free path is substantially reduced as compared to gases of spherical grains of iden-
tical volume fraction [1]. Moreover, elongated particles provide the possibility
to efficiently study the energy transfer between the translational and rotational
degrees of freedom.

One particular problem is the reliable detection and tracking of the rods in 3D,
especially at volume fractions beyond the very dilute limit. We have developed
a Machine Learning aided approach [2] to the experimental data analysis which
allows to recognize and track individual particles in ensemble.

[1] K. Harth et al., Free cooling of a granular gas of rodlike particles in micro-
gravity, Phys. Rev. Lett., 120 (2018), 214301

[2] Puzyrev et al., Machine learning for 3D particle tracking in granular gases,
Microgravity Sci. Technol., 32 (2020), 897

DY 10.3 Mon11:40 DYc
Particle size dynamics in abrading pebble populations — «JaNOs ToROK ™,
ANDRAs S1pos™?, and GaBor Domokos'™” — 'MTA-BME Morphodynam-
ics Research Group, Budapest University of Technology and Economics —
*Department of Theoretical Physics, Budapest University of Technology and
Economics — 3Department of Mechanics, Materials and Structures, Budapest
University of Technology and Economics
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Abrasion of sedimentary particles in fluvial and aeolian environments is widely
associated with collisions encountered by the particle. Although the physics of
abrasion is complex, purely geometric models recover the course of mass and
shape evolution of individual particles in low and middle energy environments
(in the absence of fragmentation) remarkably well. In this paper, utilizing re-
sults of this individual, geometric abrasion theory as a collision kernel, following
techniques adopted in the statistical theory of coagulation and fragmentation, we
construct the corresponding Fokker-Planck equation as the first model for the
collision-driven collective mass evolution of sedimentary particles. Our model
uncovers a startling fundamental feature of collective particle size dynamics: col-
lisional abrasion may, depending on the energy level, either focus size distribu-
tions, thus enhancing the effects of size selective transport or it may act in the
opposite direction by dispersing the distribution. This complex behaviour does
not contradict existing geological observations on mass distributions.

DY 10.4 Mon12:00 DYc
Applying Edwards’ theory for a 2 + ¢ dimensional frustrated granular sys-
tem — ¢SARA LEVAYI, DaAviD FISCHERZ, RALF STANNARIUSZ, ELLAK SOMFAIS,
TAMAS BORZSGNYIS, LOTHAR BRENDEL4, and JANoOs ToROK — 1Budapest
University of Technology and Economics — “Otto von Guericke University
— 3Wigner Research Centre for Physics — *University of Duisburg-Essen —
*MTA-BME Morphodynamics Research Group
Despite the inherent athermal features of granular materials, treating jammed
granular systems in analogy to thermal equilibrium statistical mechanics was
proposed by Edwards by using a volume ensemble of equiprobable jammed
states. We introduce a simple system to analyze statistical properties of jammed
granular ensembles to test Edwards’ theory.

Identical spheres packed in a nearly two-dimensional thin geometrical con-
finement were studied in experiments and numerical simulations. When tapped,
it evolves towards a ground state, but due to incompatible domain structures it
gets trapped. Analytical calculations of the Edwards ensemble reproduce well
our simulation results, which allows us to test Edwards’ theory on a coupled sys-
tem of two subsystems with different properties. We find that the joint system
can only be described by a common compactivity if the stress equilibrium is also
taken into account and the system is treated as a whole. The results show some
counterintuitive effects, as the side with more order compactifies.

DY 10.5 Mon 12:20 DYc
Can machine learning help to identify variables of a granular theory? —
*ANSGAR KUHN, SONG-CHUAN ZHAO, and MATTHIAS SCHROTER — Max Planck
Institute for Dynamics and Self-Organization, G6ttingen
Presently, the best theory for predicting the number of contacts in a granular
packing is using the local package fraction as its independent variable [1]. In
order to go beyond this one-parameter approach, a more detailed description of
the local geometry is given in the form of Minkowski tensors of the Voronoi cell.
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With this data as features, machine learning provides a more accurate predic-
tion of contact numbers than [1]. Feature selection can be used to identify new
variables most relevant for the prediction in order to expand the theory.

[1] Song et al. Nature, 453, 629-632 (2008)

DY 10.6 Mon 12:40 DYc
Flow in an hourglass: particle friction and stiffness matter — «TAaMAs
BOrzsoNyI!, TivaDAR PoNGG2, VIKTORIA STiga!, JANOs TOROK®, SARA
Lévay® , BALAZS SZABéI, RaUL Cruz HIDALGOZ, and RALF STANNARIUS?
— !Wigner Research Centre for Physics, H-1525 Budapest, Hungary —
2Universidad de Navarra, Pamplona, Spain — 3Institute of Physics BME, Bu-
dapest, Hungary — 4Otto-von-Guericke-University, D-39106 Magdeburg, Ger-
many

For usual granular materials the discharge rate from a silo is known to be time
independent (constant flow rate). This is opposed to the case of a liquid for which
the decreasing height leads to decreasing pressure, resulting in gradually decreas-
ing flow rate during a discharge process. We performed laboratory experiments
and numerical simulations with traditional (frictional hard) granular materials
and grains with reduced surface friction and hardness. We show, that particle
stiffness has a strong effect on the qualitative features of silo discharge. For de-
formable grains lowering the friction coefficient leads to a gradual change in the
discharge curve: the flow rate becomes filling height dependent, it decreases dur-
ing the discharge process. For hard grains the flow rate is much less sensitive to
the value of the friction coefficient. For more details see Pongo et al., New J.
Phys., (2021)

DY 11: Active Biological Matter Il (joint session BP/CPP/DY)

Time: Monday 11:00-13:30

See BP 5 for details of this session.

Location: BPb

DY 12: Posters DY - Fluid Physics, Active Matter, Complex Fluids, Soft Matter and Glasses (joint
session DY/BP)

Time: Monday 14:00-16:30

DY 12.1 Mon 14:00 DYp
Jerky active matter: a phase field crystal model with translational and ori-
entational memory* — «MICHAEL TE VRUGT, JULIAN JEGGLE, and RAPHAEL
WrtTKOWSKI — Institut fiir Theoretische Physik, Center for Soft Nanoscience,
Westfilische Wilhelms-Universitit Miinster, D-48149, Miinster, Germany
Most field theories for active matter neglect effects of memory and inertia. How-
ever, recent experiments have found inertial delay to be important for the motion
of self-propelled particles. A major challenge in the theoretical description of
these effects, which makes the application of standard methods very difficult, is
the fact that orientable particles have both translational and orientational degrees
of freedom which do not necessarily relax on the same time scale. In this work,
we combine modern mathematical methods from particle physics and nonlin-
ear dynamics to derive the general mathematical form of a field theory for soft-
matter systems with two different time scales. This allows to obtain a phase field
crystal model for polar (i.e., nonspherical or active) particles with translational
and orientational memory. Notably, this theory is of third order in temporal
derivatives and can thus be seen as a spatiotemporal jerky dynamics. An analy-
sis of the model reveals interesting effects of memory on the dynamics of active
systems.

*Funded by the Deutsche Forschungsgemeinschaft (DFG) - WI 4170/3-1

DY 122 Mon 14:00 DYp
Dynamic role of coherent structures in two-dimensional Navier-Stokes
turbulence — oJIAHAN WANG', WOLF-CHRISTIAN MOLLER!, and JORN
SESTERHENN’ — !Technische Universitit Berlin, Berlin, Germany —
*Universitit Bayreuth, Bayreuth, Germany
Turbulent coherent structures can phenomenologically be described as regions
in a flow exhibiting a high level of spatio-temporal correlation. Although these
structures are ubiquitously observed in nature, providing a universal and rig-
orous definition of them is not a straightforward task. Therefore the choice
of a suitable structure detection method is generally not unique and problem-
dependent. We are interested in structures appearing in statistically isotropic
Navier-Stokes turbulence. For this purpose, direct numerical simulations (DNS)
of a two-dimensional flow, forced at small spatial scales, are employed to com-
pare different definitions of structural coherence. This setup inherently forms
large scale structures due to the inverse cascade of energy. Detection meth-
ods such as the identification of Lagrangian coherent structures (LCS), dynamic
mode decomposition (DMD) and wavelet denoising are all capable of splitting
physical fields into coherent and incoherent contributions. Based on that, the
analysis of the scale-to-scale decomposed energy flux yields a physical inter-
pretation for the influence of those structures onto the overall inverse cascade
dynamics. As a result, the decomposed fluxes gained from LCS and DMD are
related, whereas the wavelet decomposition shows no similarity at all.

DY 12.3 Mon 14:00 DYp
Magnetic helicity inverse transfer in supersonic isothermal MHD turbu-
lence — ¢JEAN-MATHIEU TeissiER™? and WoOLE-CHRISTIAN MOULLERD>® —
!Technische Universitat Berlin, ER3-2, Hardenbergstr. 36a, D-10623 Berlin,
Germany — *Max-Planck/Princeton Center for Plasma Physics — Berlin In-
ternational Graduate School in Model and Simulation Based Research
Magnetic helicity is an ideal invariant of the magnetohydrodynamic (MHD)
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Location: DYp

equations which exhibits an inverse transfer in spectral space. Up to the present
day, its transport has been studied in direct numerical simulations only in in-
compressible or in subsonic or transonic flows. Inspired by typical values of the
turbulent root mean square (RMS) Mach number in the interstellar medium,
this work presents some aspects of the magnetic helicity inverse transfer in high
Mach number isothermal compressible turbulence, with RMS Mach numbers up
to the order of ten:

1) a clear Mach-number dependence of the spectral magnetic helicity scaling
but an invariant scaling exponent of the co-spectrum of the Alfvén velocity and
its curl,

2) the approximate validity of a dynamical balance relation found by incom-
pressible turbulence closure theory,

3) a characteristic structuring of helically-decomposed nonlinear shell-to-
shell fluxes that can be disentangled into different spectrally local and non-local
transfer processes.

DY 12.4 Mon 14:00 DYp
Molecular dynamics of janus polynorbornenes: glass transitions and
nanophase separation — «MOHAMED A KOLMANGADI, PAULINA SZYMONIAK,
MARTIN BOHNING, and ANDREAS SCHONHALS — Bundesantalt fiir Material-
forschung und -priifung (BAM), Berlin, Germany
For the first time, dielectric and calorimetric investigations of a homologous se-
ries of Janus polynorbornenes with rigid main backbones and flexible Si(OR)3
side groups of differing length alkyl chains (R = propyl, butyl, hexyl, octyl, and
decyl) is reported. Two dielectrically active processes are observed at low tem-
peratures, denoted as - and a-relaxation. The former can be assigned to lo-
calized fluctuations, while the latter is related to the glassy dynamics of the
flexible Si(OR)3 side groups, creating a nanophase separation in both the alkyl
chain-rich and backbone-rich domains. This is confirmed through temperature-
modulated differential scanning calorimetry (TMDSC) measurements and X-
ray scattering experiments. The glass transition temperatures of the backbone
rich domains, which are beyond or near to their degradation temperatures in
terms of conventional DSC, are determined for the first time using fast scanning
calorimetry employing both fast heating and cooling rates. This is complemented
with scattering experiments that show how the size of the alkyl chain-rich do-
mains increases with the side chain length. Alongside these results, a signifi-
cant conductivity contribution was observed for all poly(tricyclononenes) with
Si(OR)3 side groups, which is interpreted in terms of a percolation model

DY 12,5 Mon 14:00 DYp
Classical Density Functional Theory for Particles with Hard Cores and
Soft Square Shoulders — eMAaRKUs HOFFMANN, ROBERT E B. WEIGEL,
and MICHAEL SCHMIEDEBERG — Friedrich-Alexander-Universitit Erlangen-
Niirnberg, Erlangen, Germany
Classical density functional theory is an excellent tool to investigate classical
many-body systems from fundamental principles, in particular soft matter sys-
tems. We consider particles with hard cores and soft square shoulders in two di-
mensions. The hard-core is implemented by using a variant of the Fundamental
Measure Theory that probably is the best mean field approach to hard particles.
The hard core-square shoulder interaction possesses two independent length
scales namely the diameter of the hard core and the diameter of the square shoul-
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ders. We observe the expected crystallization transitions into a triangular phase
for both very weak shoulders where the hard cores dominate and for strong
shoulders effectively leading to a soft sphere system.

However, the most interesting cases are expected when the two length scales of
the systems are competing. As a result, not only square patterns are observed but
we also want to explore quasicrystals. Note that previous mean field descriptions
of quasicrystals (like Phase Field Crystal approaches) usually consider cluster
crystals and so far have not been able to explain the formation of quasicrystals
for particles with hard cores.

DY 12.6 Mon 14:00 DYp
Organizing bacterial vortex lattices by periodic obstacle arrays — sHENNING
REINKEN', SEBASTIAN HEIDENREICH, MARKUS BAR%, and SABINE H. L. KLaPp'
— Technische Universitit Berlin, Germany — “Physikalisch-Technische Bun-
desanstalt, Berlin, Germany
Recent experimental studies have shown that the turbulent vortex structures
emerging in bacterial active fluids can be organized into regular vortex lattices
by weak geometrical constraints such as small pillars [1]. Using a continuum-
theoretical approach [2,3], we show how these artificial obstacles reorganize self-
induced topological defects which guides the flow profile of the active fluid and
enables the stabilization of vortex patterns with tunable properties. Beyond the
stabilization of square and hexagonal lattices, we also provide a striking exam-
ple of a chiral, antiferromagnetic lattice induced by arranging the obstacles in
a Kagome-like array [3]. In this setup, the interplay of lattice topology, activity
and length-scale selection generates a net rotational flow. Further, we explore the
connections between the stabilized non-equilibrium vortex patterns and equilib-
rium phase transitions in classical spin lattice models, e.g., the Ising model.

[1] D. Nishiguchi, I. S. Aranson, A. Snezhko, and A. Sokolov,
Nat. Commun. 9, 4486 (2018)

[2] H. Reinken, S. H. L. Klapp, M. Bir, and S. Heidenreich,
Phys. Rev. E 97, 022613 (2018)

[3] H. Reinken, D. Nishiguchi, S. Heidenreich, A. Sokolov, M. Bir,
S. H. L. Klapp, and L. S. Aranson, Commun. Phys. 3, 76 (2020)

DY 12.7 Mon 14:00 DYp
Active mobile oscillators: Density fluctuations and phase ordering — AsTIK
HALDARI, ¢SWARNAJIT CHATTER]EEZ, APURBA SARKAR® , Raja PauL’ ,and AB-
HIK Basu' — !Saha Institute of Nuclear Physics, Kolkata, India — *Center for
Biophysics & Department for Theoretical Physics, Saarland University, Saar-
briicken, Germany — °Indian Association for the Cultivation Of Science,
Kolkata, India
We consider the collective motion of nearly phase-ordered active oscillators on
a substrate. The dynamics include activity-induced couplings between the local
phase with the concentration of the mobile oscillators on the interface. We show
that such a system can be stable over a wide range of model parameters. When
stable, the system can also show a variety of orders. In different regions of the
phase space, the system can show phase ordering that is stronger than the con-
ventional quasi long-range order (QLRO) together with hyperuniform number
fluctuations, or phase ordering weaker than QLRO together with giant number
fluctuations, or even QLRO with uniform density fluctuations. In other param-
eter regimes, the system becomes unstable with the eventual loss of any phase
ordering beyond a finite (small) system size. We have also constructed an ap-
propriate agent-based lattice-gas model. Numerical simulations of this model
corroborate the analytical predictions and validate the results on the phase fluc-
tuations.

DY 12.8 Mon 14:00 DYp
Structural and dynamical properties of gel networks — «MATTHIAS GIMPER-
LEIN and MICHAEL SCHMIEDEBERG — Institut fiir theoretische Physik 1, FAU
Erlangen-Niirnberg
Gelation is connected to a slow-down in dynamics, the onset of percolation and
an increasing number of neighboring particles. The slow-down occurs on differ-
ent time scales depending on the studied length scales.

Using Brownian Dynamics simulation for a system of colloidal particles in-
teracting due to a modified square well and Yukawa potential we investigate the
structural properties of gel networks on different time and length scales depend-
ing on system parameters as the strength of attraction or repulsion respectively.

The square well potential is modified by introducing an interaction range o
to flatten the walls of the square well. The phase diagram was determined by
fitting the vapour-liquid binodal. In the square well limit (¢ — 0) results from
the literature are recovered. Structural properties as node distribution or link
lengths are extracted from minimal networks which allow an easier analysis of
the underlying network structure.

Further research includes distinguishing dynamic regimes or structures on
different length and time scales, investigating the history/protocol dependency
of the development (i. e. starting from different initial configuration) and find-
ing stable or metastable structures to describe the evolution of gel networks not
on the particle level anymore, but on a coarse grained level.
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DY 129 Mon 14:00 DYp
Simple model for drops on elastic substrates — sCHRISTOPHER HENKEL!, UWE
TaieLe!, and Jacco SNOEIJER? — lInstitut fiir Theoretische Physik, WWU-
Miinster, Germany — “Fac. of Science and Technologie, University Twente,
Netherlands
The investigation of the wetting behavior on viscoelastic or elastic substrates is
of great interest. In this talk we present a simple model for steady liquid drops
on fully compressible elastic substrates and show that a double transition of con-
tact angles appears under variation of the substrate softness, similar to the one
described in [1]. We further discuss whether these angles agree with the Neu-
mann and Young-Laplace conditions in the liquid-liquid and liquid-solid limit
respectively and how the transitions depend on drop size. Finally, we employ a
gradient dynamics model in the long-wave limit and show first results of direct
time simulations.
[1] Lubbers, L. A., Weijs, J. H., Botto, L., Das, S., Andreotti, B., and Snoeijer, J.
H., (2014). Drops on soft solids: free energy and double transition of contact
angles. Journal of fluid mechanics, 747.

DY 12.10 Mon 14:00 DYp
Flocking and reorientation transition in the q-state active Potts model —
eMATTHIEU MANGEATI, SWARNAJIT CHATTERJEEI’Z, Raja PAULZ, and HEIKO
RIEGER' — !Saarland University, Saarbriicken, Germany — “IACS, Kolkata, In-
dia
We study the g-state active Potts model (APM) on a two-dimensional lattice in
which active particles have g internal states corresponding to the g directions
of motion. A local alignment rule inspired by the ferromagnetic g-state Potts
model and self-propulsion via biased diffusion according to the internal particle
states leads to a collective motion at high densities and low noise. We formulate
a coarse-grained hydrodynamic theory with which we compute the phase dia-
gram of the APM and explore the flocking dynamics in the region, in which the
high-density (polar liquid) phase coexists with the low-density (gas) phase and
forms a fluctuating band of coherently moving particles. As a function of the
particle self-propulsion velocity, a novel reorientation transition of the phase-
separated profiles from transversal to longitudinal band motion is found, which
is absent in the Vicsek model [1] and the active Ising model [2]. The origin of
this reorientation transition is revealed by a stability analysis: for large velocities
the transverse diffusion constant approaches zero and then stabilizes longitudi-
nal band motion. Computer simulations corroborate the analytical predictions
of the flocking and reorientation transitions and validate the phase diagrams of
the APM.

[1] T. Vicsek et al., Phys. Rev. Lett. 75, 1226 (1995).
[2] A. P. Solon and J. Tailleur, Phys. Rev. Lett. 111, 078101 (2013).

DY 12.11 Mon 14:00 DYp
Cell fitness in growth driven active matter: decoupling turnover rate and
homeostatic pressure predictors — Yoav G. PorLack', PuiLip BrrTinn’,
and RAMIN GoLeSTANIAN? — 'Max Planck Institute for Dynamics and Self-
Organization (MPIDS), Goettingen, 37077, Germany — “Rudolf Peierls Centre
for Theoretical Physics, University of Oxford, Oxford, OX1 3PU, UK
In growth-driven dense cellular active matter, cell dynamics and competition are
governed by the intricate relations between growth, proliferation, removal (e.g.
death, extrusion) and mechanical interactions. Though the rates at which a cell
proliferates or dies have already been established as a significant factor for fitness,
homeostatic pressure was recently suggested as an equivalent predictor of fitness
and one that can be more easily measured. Here we show that this equivalence
in not universal and can be broken. By introducing an additional time-scale
that governs the duration of the single-cell removal process in a simple growing
dumbbell model of cells, the homeostatic pressure is partially decoupled from
the turnover rate, leading to a distinct prediction for each. When the two factors
are modulated in this way in a simulated competition assay of a mixture of two
cell species in a closed 1D channel, we show that while the homeostatic pressure
does not predict well which species triumphs, the turnover rate does. A good
fitness measure is important in studies of tumor growth, bacterial evolution, etc.
and this result is a first step in understanding for which scenarios is the homeo-
static pressure a valid predictor.

DY 12.12 Mon 14:00 DYp
Unjamming of Active Rotators — LINDA RAVAZZANO', S1Lvia BONFANTI',
Maria C. LIONETTII, MARIA R. FUMAGALLII, ROBERTO GUERRAI, OLEK-
SANDR CHEPIZHKO?, CATERINA A. M. LA Porta’, and STEFANO ZaPPERI' —
!Center for Complexity and Biosystems, University of Milan, Italy — *Leopold-
Franzens-Universitat Innsbruck, Austria
Active particles assemblies are of peculiar interest thanks to the richness of dy-
namical phases they can undergo varying internal parameters such as density,
adhesion strength or self-propulsion. Most theoretical studies of active mat-
ter consider self-propelled particles driven by active forces. The observation of
the motion of Chlamydomonas reinhardtii algae, in which the active particles
have also the ability to self-rotate, suggests, however, that active torques may
also play an important role. Inspired by this example, we simulate the dynam-
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ics of a system of interacting active 2D disks endowed with active torques and
self-propulsive forces. We studied this model system of active rotators in dif-
ferent conditions: at low packing fractions, where adhesion causes the forma-
tion of small rotating clusters, at higher densities, where our simulations show
a jamming to unjamming transition promoted by active torques and hindered
by adhesion, and in presence of both self-propulsion and self-rotation, studying
the interplay between those quantities and deriving a phase diagram. Our results
yield a comprehensive picture of the dynamics of active rotators, highlighting the
importance of the internal degrees of freedom of active particles in determining
the collective behavior of the system.

DY 12.13 Mon 14:00 DYp
The thermodynamics and kinetics of protein crystallization probed by
isothermal microcalorimetry — LORENA HENTSCHEL, oJAN HANSEN, FLORIAN
PLATTEN, and STEFAN U. EGELHAAF — Condensed Matter Physics Laboratory,
Heinrich Heine University, Diisseldorf, Germany
During a first-order phase transition, a thermodynamic system releases or ab-
sorbs latent heat. Despite their fundamental importance, the heat or enthalpy
change occurring during protein crystallization has been directly measured only
in a few cases, and the associated entropy change can only be determined indi-
rectly. Here, the thermodynamics and kinetics of tetragonal lysozyme crystal-
lization are studied for various physicochemical solution parameters. Direct mi-
crocalorimetric and indirect van’t Hoff enthalpy determinations quantitatively
agree, suggesting a two-state crystallization process. Assuming that crystals are
electrostatically neutral, the weak dependences of the crystallization enthalphy
and entropy on salt concentration and pH value are explained by a Poisson-
Boltzmann model. Furthermore, the calorimetric signal is related to the con-
centration change during nucleation and growth, from which the induction time
and the growth rate are inferred. Their dependences on the chemical potential
are in line with previous findings and can be modelled by classical nucleation
theory and 2D growth models, respectively.

DY 12.14 Mon 14:00 DYp
Real-Time Investigations during Sputter Deposition on Polymer Thin Films
— eMATTHIAS SCHWARTZKOPFI, MARC GENSCHI’Z, THOMAS STRUNSKUS> S
FrANZ FAUPEL’, PETER MULLER-BuscHBAUM® und STEPHAN V. RoTe™ —
IDESY, Notkestr. 85, D-22607 Hamburg — 2CAU zu Kiel, Kaiserstr.2, 24143 Kiel
— 3TUM, James-Franck-Str. 1, D-85748 Garching — *KTH, Teknikringen 56-
58,SE-100 44 Stockholm
The reproducible low-cost fabrication of functional metal-polymer-
nanocomposites remains a major issue in applied nanotechnology. In order
to obtain full control over the evolution at the nanogranular metal-polymer
interface, we employed time-resolved surface sensitive X-ray scattering during
sputter deposition of gold on thin polystyrene films [1] and SiOx [2]. We cor-
relate the evolution of the metallic layer morphology with changes in the key
scattering features. This enabled us to identify the impact of atomic deposition
rate on the growth regimes with their specific thresholds. Our study opens up the
opportunity to improve nanofabrication of tailored metal-polymer nanostruc-
tures for organic electronics like photovoltaic applications and plasmonic-based
technologies. [1] Schwartzkopf et al., ACS Appl. Mater. Interfaces 7, 13547
(2015); [2] Schwartzkopf et al., Nanoscale 5, 5053 (2013).

DY 12.15 Mon 14:00 DYp
Fluid transport by metachronal waves of model cilia — «ALBERT VON KENNE,
THOMAS NIEDERMAYER, and MARKUS BAR — Department of Mathematical
Modelling and Data Analysis, Physikalisch-Technische Bundesanstalt Berlin,
Abbestrafle 2-12, Berlin 10587, Germany
Motile cilia are hair-like cell extensions that undergo a cyclic motion with the
purpose to transport the extracellular fluid at a low Reynolds number, provid-
ing crucial functionality of living matter such as cell locomotion and molecular
transport in tissue. A striking feature of populations of cilia is a state of collective
motion known as metachronal wave.

To investigate these collective states we generalize a simple phase oscillator
model for the elastohydrodynamic coupling in ciliated systems [1], to include the
effects due to the confined flow in proximity of a cell substrate. Our model en-
compasses spontaneous creation of waves as well as directed cycle-average fluid
flow, yet it’s simple enough to be solved analytically. We obtain analytical results
for the linear stability of metachronal waves in presence of long-range hydrody-
namic interactions, illustrate their properties by numerical simulations and re-
late the change in transport efficiency to the specific properties of metachronal
waves.

[1] . Niedermayer, B. Eckhardt, and P. Lenz, Chaos 18, 037128 (2008)

DY 12.16 Mon 14:00 DYp
Athermal Jamming for particles with exponentially decreasing repulsions
— eNicoLAs WOHLLEBEN and MICHAEL SCHMIEDEBERG — Institut fiir The-
oretische Physik I, Friedrich-Alexander-Universitat Erlangen-Niirnberg (FAU),
Staudtstrafle 7, 91058 Erlangen, Germany
We study the jamming of a colloidal system where the particles interact accord-
ing to a Yukawa potential, i.e., the repulsion decreases exponentially with the
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distance as expected for screened Coulomb interactions of charged colloids in
solution. The decay occurs on a length scale given by the screening length and
in addition we consider a cutoff length where the potential is set to zero in a
smooth way as often used in simulation.

By determining the athermal jamming transition by trying to remove overlaps
we find that the transition packing fraction only depends on the cutoft length but
hardly on the screening length. We also explore the radial distribution function
and again confirm the importance of the cutoff length.

The picture that emerges is that the influence of a cutoff length on ather-
mal jamming is superior to that of the screening length, although the screening
length is expected to control the slowdown of the dynamics (i.e., the dynamical
glass transition). As a consequence, athermal jamming (as defined by overlaps)
and the glass transition obviously are unrelated in the considered system.

DY 12.17 Mon 14:00 DYp
Detection of defects in soft quasicrystals with neural networks — «ALI DONER
and MICHAEL SCHMIEDEBERG — Institut fiir Theoretische Physik I, Friedrich-
Alexander-Universitat Erlangen-Niirnberg (FAU), Staudstr. 7, 91058 Erlangen,
Germany
The aim of this work is to construct and employ a neural network for the detec-
tion of topological defects in dodecagonal quasicystalline patterns. Even though
quasircrystals are aperiodic, they exhibit a longe-range order. Furthermore, in
principle any discrete rotational symmetry can occur.

In this work, dodecagonal quasicrystalline patterns in two-dimensions with
a built-in dislocation are generated and employed as input images of the neural
network. The network then should figure out not only the position but also the
type of the Burgers vector of the defect.

Our trained neural network is able to recognize the type of the Burgers vector
perfectly. The position of the dislocation is recognized up to a mean deviation
from the real position that is much smaller than the small length scale in the
quasicrystals. In future, we want to train the network with patterns that contain
multiple dislocations as well as phasonic excitations.

DY 12.18 Mon 14:00 DYp
Bistable vortices formed by active particles with retarded interactions - The-
ory — XIANGZUN WANGI, «PIN-CHUAN CHENZ, VIKTOR HOLUBEC2'3, Kraus
Krov?, and FraNk CicHos' — 'Molecular Nanophotonics Group, Peter De-
bye Institute for Soft Matter Physics, University of Leipzig, 04103 Leipzig —
ZInstitute for Theoretical Physics, University of Leipzig, 04103 Leipzig, Ger-
many — >Department of Macromolecular Physics, Faculty of Mathematics and
Physics, Charles University, 18000 Prague, Czech Republic
In a recent experiment (see the companion contribution “Experiment”, se-
rial number DY193), thermophoretic microswimmers were observed to self-
assemble into a bistable mode of circular collective motion. We explain the un-
derlying mechanism qualitatively by deriving a coarse-grained Langevin model
for active Brownian particles with retarded interactions. For a single microswim-
mer attracted to an immobile attractive sphere, it can be broken down to an ef-
fective model for the angular degree of freedom. The reduced one-dimensional
overdamped Langevin equation features a virtual potential for the angular veloc-
ity, self-generated by the retarded propagation of the interaction. We work out
the quantitative analytical predictions for the delay-dependent bifurcation sce-
nario and the Kramers rates and numerical results for spontaneous transitions
between the degenerate chiral modes of angular motion, beyond the bifurcation
point. Our theoretical predictions are found to agree well with the experimental
observations and simulations.

DY 12.19 Mon 14:00 DYp
Bistable vortices formed by active particles with retarded interactions - Ex-
periment — «XIANGZUN Wang!, PIN-CHUAN CHEN?, VikTOR HOLUBEC™”,
Kraus Kroy?, and FrRank CicHos! — '"Molecular Nanophotonics Group, Peter
Debye Institute for Soft Matter Physics, Universitét Leipzig, 04103 Leipzig, Ger-
many — “Institute for Theoretical Physics, Universitit Leipzig, 04103 Leipzig,
Germany — 3Department of Macromolecular Physics, Faculty of Mathematics
and Physics, Charles University, 18000 Prague, Czech Republic
Rotating formations of living species are frequently observed in nature from bac-
terial systems and insects to larger animals like fish or birds. The ubiquity of
this behavior suggests universal underlying principles. One could be related to
inevitable delays caused by sensimotoric feedback. We explore experimentally
the influence of a delayed interaction between individual self-thermophoretic
microswimmers on their collective behaviour. Our microswimmers are gold
nanoparticle decorated melamine resin colloids, which are propelled by self-
thermophoresis due to a local heating of the gold nanoparticles with a focused
laser. Using a feedback algorithm we are able to introduce time-delayed virtual
interactions with other particles or targets. We find for a single swimmer at-
tracted to an immobilized particle, a transition from a diffusive to a rotating state
with two possible rotation directions. This behavior is captured by a simple the-
oretical model (see companion contribution). This bifurcation is also observed
in ensembles of multiple particles where the rotational phase of the ensemble is
synchronized by particle collisions.



Dynamics and Statistical Physics Division (DY)

Monday

DY 1220 Mon 14:00 DYp
Effect of Alignment Activity on the Collapse Kinetics of a Flexible Polymer —
«SUBHAJIT PauL!, Suman MajumpER!, SUBIR K Das?, and WOLFHARD ]ANKE1
— nstitut fuer Theoretische Physik, Universitaet Leipzig, Bruederstr. 16, D-
04103, Leipzig, Germany — >Theoretical Sciences Unit, JNCASR, Bangalore-
560064, India.
Dynamics of various biological filaments can be understood within the frame-
work of active polymer models. Keeping this in mind, we construct a bead-
spring flexible polymer chain in which the active interaction among the beads is
introduced via an Vicsek-like alignment rule. Following a quench from the high-
temperature coil phase to a low-temperature state, we study the non-equilibrium
coarsening kinetics of this model via molecular dynamics (MD) simulations.
For the passive polymer case the low-temperature equilibrium state is a com-
pact globule. Results from our MD simulations reveal that though the globular
state is also expected to be the typical final state in the active case as well, the
non-equilibrium pathways change due to the alignment interaction among the
beads. We observe that the probability of deviation from the intermediate *pearl-
necklace*-like arrangement and the formation of more elongated dumbbell- like
structures increases with increasing activity. Also, there exists nonmonotonic-
ity in coarsening with the variation of the strength of activity. In this work, our
focus is on such non-equilibrium dynamics results for which we compare with
those of the passive case. These are concerning scaling laws related to collapse
time and growth of clusters.

DY 1221 Mon 14:00 DYp
The parameter space of thermohaline stairs — ¢«AXEL ROSENTHAL and AN-
DREAS TILGNER — Institut fiir Geophysik, Georg- August-Universitit G6ttingen,
Deutschland
Convection and diffusion in water can be observed when a gradient in tempera-
ture or in salinity takes effect on density in presence of gravity. Both gradients can

force or stabilize the process. We conducted experiments where the salt gradient
is the driving force and simultaneously the temperature gradient is stabilizing
in opposite direction, observed by particle image velocimetry. The question is
at which gradients, expressed by Rayleigh numbers, does the transport occure
in stable so called "thermohaline stairs”? Thermohaline stairs are a sequence of
two flow systems, a finger regime and a large scale circulation.

DY 12.22 Mon 14:00 DYp
Fluctuations of a driven tracer in a viscoelastic bath — ¢JuLIANA CASPERS —
Institut fiir Theoretische Physik, Gottingen
Recently, viscoelastic fluids have attracted attention as their large structural re-
laxation times induce a variety of new phenomena such as nontrivial back re-
actions of the bath on a driven probe particle. Berner et al [1] found particle
oscillations in the linear response regime, both in theory and experiment. More-
over, Miiller et al [2] investigated effects of nonlinear baths in equilibrium. They
observed inter-dependencies entering the coefficients in an effective linear gen-
eralized Langevin equation. For example, the friction memory kernel depends
on properties of the external trap [3] or on the bare tracer friction in the case of
an overdamped setting. In [1,2], the simple model of a confined tracer particle
interacting via a stochastic Prandtl-Tomlinson model with a bath particle was
found to be a good candidate to mimick the properties of a nonlinear viscoelas-
tic bath. This work focuses on the interplay of the external trap that confines the
tracer particle and the nonlinearity of the bath. In a nonequilibrium situation we
made a first observation of shear thickening, an increase in the microrheological
friciton coefficient for a certain regime of driving velocities.
[1] J. Berner, B. Miiller, J. R. Gomez-Solano, M. Kriiger, and C. Bechinger. Nat.
Commun., 9(1):999, 2018
[2] B. Miiller, J. Berner, C. Bechinger, and M. Kriiger. New J. Phys., 22:023014,
2020
[3]]. O. Daldrop, B. G. Kowalik, and R. R. Netz. Phys. Rev. X, 7:041065, 2017

DY 13: Granular Physics 3 - organized by Matthias Sperl (K6In)

Time: Monday 15:00-17:20

DY 13.1 Mon 15:00 DYc
Monitoring granular drag with non-invasive particle tracking techniques —
oKAI HUANGI’Z, JINCHEN ZHAOl, CHEN LYUl, VALENTIN DICHTLZ, and SIMEON
VoeLkeL? — 'Institute of Applied Physical Sciences and Engineering, Division
of Natural and Applied Sciences, Duke Kunshan University, No. 8 Duke Av-
enue, Kunshan, Jiangsu, China 215316 — 2Experimentalphysik V, Universitat
Bayreuth, 95440 Bayreuth, Germany
Considering granular materials as a complex fluid with a finite yield stress, an
object moving inside has to locally unjam and mobilize the surrounding par-
ticles in order to step forward. Consequently, granular drag depends strongly
on the local rheological behavior and it is essential to have an ’insider’ view on
granular dynamics. Experimentally, this is achieved using microwave radar and
embedded IMU sensor techniques. Our results are in align with discrete ele-
ment simulations equipped with coarse-graining techniques, which provide ad-
ditional information on response of the granular bed. Our results of the intruder
dynamics are in congruent with existing phenomenological model on granular
drag. Interestingly, we find that the macroscopic profiles of the granular bed
ahead of the intruder decays exponentially in the co-moving system of the in-
truder, giving rise to a characteristic length scale on the order of intruder size.
Stepping further, we explore the influence of gravity on granular drag by means
of microgravity environment in order to shed light on challenges arising from
space exploration.

DY 13.2 Mon 15:20 DYc
Granular Rheology from First Principles — «TiL Kranz', OLra Lopez?,
OLIVIER CoQUAND?, and MarTHias SPERL>! — !Institut fiir Theoretische
Physik, Uni K6ln — 2Institut fiir Materialphysik im Weltraum, DLR Ko6ln
We have recently demonstrated that the Granular Integration Through Transients
(GITT) formalism allows to derive a constitutive equation for the shear stress o
as a function of the shear rate y for arbitrary shear rates and high densities [1] of
a granular fluid. Here we extend the formalism to derive a constitutive equation
for the pressure p(y). This allows us to discuss flow curves at constant pressure
and the effective friction y = o/p. The phenomenological u(I) rheology [2] re-
lates the friction u to the dimensionless inertial number I. We will discuss the
relation between the GITT expressions and p(I) rheology. In addition, we will
present experimental stress measurements on fluidised glass beads covering sev-
eral orders of magnitude in shear rate and displaying all the rheologigcal regimes
predicted by GITT, namely, Newtonian rheology, as well as shear thinning and
shear thickening behaviour.
[1] W. T. Kranz, E. Frahsa, A. Zippelius, M. Fuchs and M. Sperl, PRL 121, 148002
(2018); PRF 5 024305 (2020)
[2] GDR Midi, EPJ E 14, 341 (2004)
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DY 13.3 Mon 15:40 DYc
Aeolian structure formation in a laboratory wind tunnel — «MERVE SECKIN',
PuiLip Born', and MarTHIas SPERL"? — !Institut fiir Materialphysik im Wel-
traum, DLR Koln — 2Institut fiir Theoretische Physik, Uni Koln
Aeolian transport causes structure formation in beds of granular particles. The
length scale of structures formed by aeolian transport is fundamentally con-
nected to the saturation length of the particle flux. Achieving structures on
length scales suitable for laboratory experiments by minimizing this saturation
length is challenging, but would allow testing and calibrating models of aeolian
transport.

Here we show results obtained with very fine particles with an additional sur-
face treatment to minimize cohesion. Saturation lengths of a centimeter can be
obtained with this particle system. Consequently, we can show that self-initiated
and sustained structure formation from particle beds by aeolian transport is pos-
sible at ambient conditions in a benchtop wind tunnel. Barchan-like structures
emerge from flat particle beds and from particles heaps, which migrate down-
wind even without particle influx. We compare the experimental results with the
existing theory and discuss open questions.

DY 13.4 Mon 16:00 DYc
Numerical investigation of the rheology of elongated particles — <ELLAK
SOMFAII, DANIEL NAGYI, PHILIPPE CLAUDINZ, and TaMmAs BORzZsSONYI' —
!nstitute for Solid State Physics and Optics, Wigner Research Centre for Physics,
Budapest, Hungary — “Physique et Mécanique des Milieux Hétérogénes,
PMMH UMR 7636 CNRS, ESPCI Paris, PSL University Sorbonne Université,
Université de Paris, Paris, France
We performed discrete element model simulations to investigate the rheology
of a realistic 3-dimensional frictional granular material consisting of elongated
particles. Such systems develop orientational ordering when exposed to shear
flow. The degree of this ordering depends on the interparticle friction and par-
ticle elongation in a nontrivial manner. Namely, the shear induced orientational
ordering is in principle increasing with particle elongation, but the character-
istics of collisional and frictional interactions between neighbours (which hin-
der each others rotation) changes with the interparticle friction coefficient. We
measured how key rheological quantities, including effective friction and nor-
mal stress differences depend on these two key parameters. We found that the
aspect ratio dependence of the effective friction is non-monotonic not only for
frictionless particles as we saw earlier, but also for frictional particles up to in-
terparticle friction coefficient y, < 0.4, — a range already relevant for every day
materials. For higher y,, the effective friction is monotonically increasing. We
can explain the microscopic origins of both the non-monotonic behaviour for
small and intermediate ¢, and the monotonic one for large y,.
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DY 13.5 Mon16:20 DYc
Migrating shear bands in shaken granular matter — JoELLE CLAUSSEN', STE-
FAN GERTHI, JoNATHAN E. KOLLMER2’3’4, THORSTEN Pf)SCHELs, MICHAEL
SALAMONI, eMATTHIAS SCHR6TER3’5, TARA SHREVE3’6, and NORMAN
UHLMANN' — 1Fraunhofer-Entwicklungszentrum Rontgentechnik, Flug-
platzstr. 75, 90768 Fiirth, Germany — 2Experimentelle Astrophysik, Univer-
sitit Duisburg-Essen, Lotharstr. 1-21, 47057 Duisburg, Germany — *Institute
for Multiscale Simulation of Particulate Systems, Cauerstr. 3, 91058 Erlangen,
Germany — 4Dept. of Physics, 2401 Stinson Drive, North Carolina State Uni-
versity, Raleigh, NC 27695, USA — >Max Planck Institute for Dynamics and
Self-Organization, 37077 Gottingen, Germany — SUniversité de Paris, Institut
de physique du globe de Paris, CNRS, F-75005, Paris, France
When dense granular matter is sheared, the strain is often localized in shear
bands. After some initial transient these shear bands become stationary. Here
we introduce a setup that periodically creates horizontally aligned shear bands
which then migrate upwards through the sample. Using X-Ray radiography we
demonstrate that this effect is caused by dilatancy, the reduction in volume frac-
tion occurring in sheared dense granular media. Further on, we argue that these
migrating shear bands are responsible for the previously reported periodic in-
flating and collapsing of the material.

Ref.: Kollmer et al. Phys. Rev. Lett. 125, 048001 (2020)

DY 13.6 Mon 16:40 DYc
Force chains in granular packings visualized by stress-birefringent spheres —
«DavID FIsCHER' , KARSTEN TELLZ, PEIDONG YU2, MATTHIAS SPERLZ, and RALF
STaNNARIUS! — !Otto-von-Guericke-Universitit, Institut fiir Physik, Abteilung
Nichtlineare Phinomene, Magdeburg — “Deutsches Zentrum fiir Luft- und
Raumfahrt (DLR), Institut fiir Materialphysik im Weltraum, K6ln
Force networks play an important role in the stability of granular packings. These
networks are able to redirect part of the particle weight inside a container to the

DY 14: Microfluidics and Droplets
Time: Monday 16:00-18:00

DY 141 Mon 16:00 DYa
Near-field acoustic manipulation in a confined evanescent Bessel beam —
+PIERRE-YVES GIREs"? and CEDRrIC PouLain®>® — !University Grenoble Alpes,
CEA LETI — 2University of Bayreuth, Experimental Physics I — 3Univers.ity
Grenoble Alpes, CNRS, Grenoble INP, Institut Néel
Microparticles such as cells can be manipulated in a suspension by the applica-
tion of an ultrasonic acoustic field. Following the path taken in the development
of optical tweezers, we demonstrate the potential of working in the evanescent
regime, with both sub-wavelength confinements and resonators [1]. We gener-
ate an evanescent acoustic Bessel beam in liquid above a thin, circular, axisym-
metrically excited plate. In the sub-MHz domain, the resulting radiation force
causes the particles to assemble at the pressure antinodes along concentric cir-
cles corresponding to the Bessel profile. By imposing an axial confinement in
the evanescent region, the sub-wavelength two-plate sandwich system becomes
resonant, increasing the radiation force magnitude. Resonances occur for some
well-defined gaps for which whole numbers of antinodal circles are observed.
Through fine tuning, particles as small as bacteria can be patterned. Further am-
plification can be obtained by trapping a microbubble in the Bessel beam axis.
[1] Pierre-Yves Gires and Cédric Poulain. Near-field acoustic manipulation in a
confined evanescent bessel beam. Communications Physics, 2(1):1-8, 2019

DY 142 Mon 16:20 DYa
Actuation of soft particles in oscillating Poiseuille flow — ¢WINFRIED
ScHMIDT', SEBASTIAN W. KRAUSS?, ANDRE FORTSCH'!, MATTHIAS LAUMANN',
MAaTTHIAS WEIss?, and WALTER ZIMMERMANN' — !Theoretische Physik 1,
Universitit Bayreuth, 95440 Bayreuth, Germany — 2Experimentalphysik 1, Uni-
versitit Bayreuth, 95440 Bayreuth, Germany
What is the dynamical behavior of soft particles in oscillatory (pulsating)
Poiseuille flow at low Reynolds number? By investigating the overdamped mo-
tion of 2D bead-spring models, as well as 3D capsules and red blood cells, we pre-
dict particle actuation in the case of vanishing mean flow. This effect is generic
as it does not depend on the model. We show that symmetric particles propagate
for asymmetric flow oscillations with non-equal flow sections. The mean actua-
tion (swim) velocity of a particle is caused by its varying shape in both parts of
the flow period. Since the actuation steps depend also on the size and the rigid-
ity of soft particles, this novel actuation (passive swimming) mechanism is also
appropriate for particle sorting.

side walls, leading to pressure saturation in a certain depth below the granu-
lar surface. We employ monodisperse stress-birefringent spheres embedded in
an immersion fluid to visualize the contact forces and force network structure
of spheres in a quasi-2D and a nearly-2D cuboid cell. A load at the top pre-
vents floating of the spheres caused by buoyancy. In both cell types, an "inverse”
Janssen effect is observed, with the pressure decreasing from the top to the bot-
tom of the container.

DY 13.7 Mon 17:00 DYc
Intermittent flow and transient congestions of soft low-friction spheres in silo
discharge — JING WANGI, KIRSTEN HARTHI, RALF STANNARIUSI, and TAMAS
BoRzsONYT: — !nstitute of Physics, Otto von Guericke University, Magdeburg,
Germany — “Institute for Solid State Physics and Optics, Wigner Research Cen-
ter for Physics, Budapest, Hungary
During discharge of hard particles from a silo with a small orifice at the bottom,
grains flow freely only when the orifice size at least 5 times the particle diameter.
The outflow rate is practically independent of the fill level. Below a certain outlet
diameter, hard particles reach stable clogs, which can only be destroyed by ex-
ternal forcing. We study soft, low-friction particles (hydrogel beads) that show
very different, peculiar features during discharge: They flow freely even when the
orifice is only slightly larger than two particle diameters. At small orifice sizes,
strong fluctuations of the flow velocity set in. Non-permanent congestions are
characteristic that have previously been described only for lifestock or pedestri-
ans passing narrow gates or exits, but never for inanimate hard granular material.
We present experimental data recorded in a 2D silo.

This project has received funding from the European Union’s Horizon 2020 re-
search and innovation program under the Marie Sklodowska-Curie grant agree-
ment No 812638 and DFG Grant HA8467/2-1. [1] K. Harth et al., Soft Matter 16
8013 (2020).

- organized by Uwe Thiele (Miinster)
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DY 143 Mon 16:40 DYa
Two orders of magnitude boost in the detection limit of droplet-based
micro-magnetofluidics — «JULIAN SCHUTTI, Rico ILLINGI, OLEKSII VOLKOVI,
ToB1as KOSUBI, PaBLO NICOLAS GRANELLI’Z, HARIHARAN NHALIL3, JUOR-
GEN FASSBENDERI, Lior KLEINS, ASAF GRosZ4, and DENYs MaKAROV! —
'Helmholtz-Zentrum Dresden-Rossendorf e.V., Dresden, Germany — 2Escuela
de Ciencia y Tecnologia, UNSAM, Buenos Aires, Argentina — >Department of
Physics & Institute of Nanotechnology and Advanced Materials, Bar-Ilan Univer-
sity, Israel — *Department of Electrical and Computer Engineering, Ben-Gurion
University of the Negev, Israel
The detection of magnetic nanoparticles is of major importance in biomedical
and biological applications. Here, the trend goes towards improvements of state-
of-the-art methods in the spirit of high-throughput analysis at ultra-low vol-
umes. Microfluidics addresses these requirements as it deals with the control
and manipulation of liquids in confined microchannels. Sensor elements uti-
lizing the planar Hall Effect (PHE) are exceptionally suited for this conjunction
and were already applied in continuous flow microfluidics. We present a sens-
ing strategy relying on PHE sensors in digital microfluidics for the detection of
a multiphase liquid flow. We show the detection of nanoliter-sized superparam-
agnetic droplets with a concentration of 0.58mg/cm3, biased in a geomagnetic
field, down to 0.04mg/cm3 in a magnetic field of 5mT. We are convinced that
the tracking of microfluidic droplets can greatly contribute to state-of-the-art
magnetoresistive sensing with dramatic downscaling of the analyzed volume.

DY 144 Mon17:00 DYa
Theoretical and numerical investigation of an EWOD-driven micro pump —
*SEBASTIAN BoHM and EricH RUNGE — Technische Universitét Ilmenau, The-
oretische Physik 1, Weimarer Strafle 25, 98693 Ilmenau
We show how the EWOD (electrowetting-on-dielectric) effect can be used to re-
alize a micro pump that uses no moveable components at all, as described in [1].
The flow is generated due to the periodic movement of liquid-vapor interfaces
in a large number (= 10°) of microcavities (AV = 1pl per cavity). The total flow
resulting from all microcavities adds up to a few hundred nanolitres per cycle.
Tesla-Diodes are used as valves to completely forgo on moving parts.
The theoretical description of the pumping mechanism is a challenge due to the
coupling of the fluid- and electrodynamics and the intrinsic multi-scale character
of the system. The flow in each microcavity can be modelled as multiphase flow
with time-dependent wetting properties as boundary conditions. The optimiza-
tion of the Tesla diodes is also a challenge, as they must produce a reasonable
valve action even at small Reynold numbers, which are typical for microfluidics.
A novel time-efficient simulation method for the calculation of the static in-
terface shapes of a liquid-vapor interface in electric fields is presented. With
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this method, the voltage-dependent volume stroke can be determined efficiently.
Topological optimization methods for the design of the Tesla-Diodes are shown.
Finally, possibilities for the time-resolved simulation of the entire pumping sys-
tem are discussed.

[1] Hoffmann, M., Dittrich, L., Bertko, M.; DE11 2011 104 467 (2012)

DY 145 Mon17:20 DYa
Anchoring-dependent flow bifurcation in nematic microflows within circular
capillaries — «PAUL STEFFENI, Eric STELLAMANNSZ, and ANUPAM SENGUPTA'
— "Physics of Living Matter, Dept. of Physics and Materials Science, Univer-
sity of Luxembourg, Luxembourg — *Deutsches Elektronen-Synchrotron DESY,
Notkestrafle 85, 22607 Hamburg, Germany
Capillary microflows of liquid crystal (LC) phases are fundamental to biological
and bio-inspired systems. Here we investigate stationary flows of nematic LC
within circular capillaries under homeotropic (normal) and uniform planar an-
choring conditions, using numerical simulations based on the continuum theory
of Leslie, Ericksen and Parodi for the material parameters of 5CB, a single com-
ponent flow-aligning nematic LC. Instead of the expected unique solution with
a director field monotonously approaching the alignment angle for increasing
Ericksen numbers, we report a second anomalous solution that emerges above
a threshold flow rate, leading to an anchoring-dependent flow bifurcation. For
homeotropic surface anchoring, the anomalous director field orients against the
alignment angle in the vicinity of the pipe center; while in the uniform pla-
nar case, the anomalous director field extends throughout the capillary volume,
leading to reduction of the flow speed for increasing pressure gradients. Exper-
imental signatures of the second solutions in each case are found in authors’s

experimental results, reported previously in Phys. Rev. Lett. 110, 048303, 2013
(homeotropic) and Int. J. Mol. Sci. 14, 22826, 2013 (planar case).

DY 146 Mon 17:40 DYa
Characterizing the speed, size and shape of droplets during their flight
from an ultrasonic spray coater — «PIETER VERDING"?, WiM DEFERME 2,
and WERNER STEFFEN® — !Hasselt University Institute for Materials Research,
Diepenbeek, Belgium — *IMEC, Diepenbeek,Belgium — *Max-Planck-Institut
for Polymer research, Mainz, Germany
Ultrasonic spray coating - USSC is a technology offering numerous possibilities,
such as depositing ultrathin homogeneous layers up to 20 nm on large scale.
However, its application is limited due to the many process parameters which
have a large impact on the quality of the coating. For this reason, measuring the
droplet size, speed and concentration during the flight from the ultrasonically
generated droplet to the substrate, gives insight in how to tune these parameters.
Because thousands of droplets are created at the same time, measuring the prop-
erties of the droplets during flight is a complicated task. Three different measure-
ment techniques have been developed in and around an USSC setup. Dynamic
Light Scattering (DLS) shows, after Fourier transformation, shifted peaks, rep-
resenting the speed of the droplets. By applying Turbidimetry, it is possible to
determine the size of the droplets. Droplets size and speed could be measured
and gave comparable results as measured with a High Speed Camera (HSC). Fur-
thermore, it was shown that the size and velocity of the droplets depend on the
process parameters. It is therefore concluded from this work that a combination
of DLS and Turbidimetry is a valuable alternative to measure droplets during
their flight from an USSC.

DY 15: Invited Talk: Liesbeth Janssen (Eindhoven)

Time: Monday 16:00-16:30

Invited Talk DY 151 Mon 16:00 DYb
Glassy physics: from liquids to living cells — «LIESBETH JANSSEN — Eindhoven
University of Technology, The Netherlands

The liquid-to-glass transition is a ubiquitous yet highly complex phenomenon,
which still lacks a universal physical understanding. In this talk I will share

Location: DYb

some recent progress on the development and application of so-called General-
ized Mode-Coupling Theory-a framework that aims to predict glassy dynamics
purely from first principles. I will demonstrate that the theory can be applied
not only to ordinary glass-forming materials, but also to more complex systems
such as dense collectives of living cells.

DY 16: Statistical Physics 3 - organized by Barbara Drossel (Darmstadt), Sabine Klapp (Berlin) and
Thomas Speck (Mainz)

Time: Monday 16:30-17:50

DY 16.1 Mon 16:30 DYb
Aging in the Long-Range Ising Model — sHENRIK CHRISTIANSEN', SUMAN
MajumpER!, MALTE HENKEL>>*, and WOLFHARD ]ANKE1 — Mnstitut fiir The-
oretische Physik, Universitdt Leipzig, IPF 231101, 04081 Leipzig, Germany —
ZLaboratoire de Physique et Chimie Théoriques (CNRS UMR 7019), Université
de Lorraine Nancy, 54506 Vandceuvre-lés-Nancy Cedex, France — 3Centro de
Fisica Tedrica e Computacional, Universidade de Lisboa, 1749-016 Lisboa, Por-
tugal — *Max-Planck-Institut fiir Physik komplexer Systeme, Néthnitzer Strafie
38, 01187 Dresden, Germany
The current understanding of aging phenomena is mainly confined to the study
of systems with short-ranged interactions. Little is known about the aging of
long-ranged systems. Here, the aging in the phase-ordering kinetics of the two-
dimensional Ising model with power-law long-range interactions is studied via
Monte Carlo simulations. The dynamical scaling of the two-time spin-spin auto-
correlator is well described by simple aging for all interaction ranges studied. The
autocorrelation exponents are consistent with A = 1.25 in the effectively short-
range regime, while for stronger long-range interactions the data are consistent
with A = d/2 = 1. For very long-ranged interactions, strong finite-size effects
are observed. We discuss whether such finite-size effects could be misinterpreted
phenomenologically as sub-aging.
[1] H Christiansen, S Majumder, W Janke, Phys. Rev. E 99, 011301(R) (2019)
[2] H Christiansen, S Majumder, M Henkel, W Janke, Phys. Rev. Lett. 125,
180601 (2020)

DY 16.2 Mon 16:50 DYDb
Ageing and linear response in a mean field elastoplastic model — <Jack T.
PARLEY', SUZANNE M. FIELDING?, and PETER SorricuH'? — !Institut fiir Theo-
retische Physik, University of Géttingen, Friedrich-Hund-Platz 1, 37077 Gottin-
gen, Germany — 2Science Laboratories, Department of Physics, Durham Uni-
versity, South Road, Durham DH1 3LE, United Kingdom — 3Department of
Mathematics, King’s College London, London WC2R 2LS, United Kingdom
Elastoplastic descriptions, based on the alternating elastic/plastic deformation
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of mesoscopic regions, provide key insights into the complex dynamics of ather-
mal amorphous solids. These systems have recently also been found to display
non-trivial ageing dynamics, driven by plastic events and the ensuing Eshelby
(quadrupolar) stress redistribution. Here we construct a mean-field elastoplastic
model for studying time-dependent perturbations and ageing dynamics, build-
ing on the work of Lin and Wyart (2016) for steady shear. Local stresses are
driven by power-law distributed mechanical noise, characterised by the expo-
nent y. We study the ageing behaviour in the glassy regime, where the form of
the yield rate decay varies for different values of the exponent y, reflecting the
relative importance of far-field and near-field events as the range of the stress
propagator is varied. Moreover, a comparison of the mean-field predictions with
ageing simulations of a lattice elastoplastic model shows excellent agreement. Fi-
nally, we obtain expressions for the linear stress response in the ageing regime,
which will allow to test the theoretical predictions against stress measurements
from experiments or simulations of model athermal systems.

DY 16.3 Mon 17:10 DYb
Evaluation of memory effects at phase transitions — «HUGUES MEYER — De-
partment of Theoretical Physics and Center for Biophysics, Universitit des Saar-
landes, Saarbriicken, Germany
Modeling the dynamics of order parameters at phase transitions is often done
in terms of stochastic equations of motion but there is to this day no consen-
sus about a systematic strategy to tackle this problem. In particular, the detailed
structure of the equations that needs to be used is still debated. Motivated by re-
cent works on crystal nucleation, we propose to describe the dynamics of phase
transitions in terms of a non-stationary Generalized Langevin Equation for the
order parameter. By construction, this equation is non-local in time, i.e. it in-
volves memory effects whose intensity is governed by a memory kernel. Here
we do not aim at investigating the physical origin of memory effects at phase
transitions in general, but rather to relate the extent of the memory kernel to
quantities that are experimentally observed such as the induction time and the
duration of the phase transformation process. Using a simple kinematic model
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and a recently developed numerical procedure, we show that the extent of the
memory kernel is positively correlated with the duration of the transition and
of the same order of magnitude, while the distribution of induction times does
not have an effect. This theoretical observation is finally tested at the example of
several model systems.

DY 164 Mon 17:30 DYb
Emergent memory and kinetic hysteresis in strongly driven networks —
*Davip HaRrTICH and ALjaz GopEc — MPI BPC, Géttingen, Germany
Stochastic network-dynamics are typically assumed to be memory-less. Involv-
ing prolonged dwells interrupted by instantaneous transitions between nodes
such Markov networks stand as a coarse-graining paradigm for chemical reac-
tions, gene expression, molecular machines, spreading of diseases, protein dy-
namics, diffusion in energy landscapes, epigenetics and many others. However,

as soon as transitions cease to be negligibly short, as often observed in experi-
ments, the dynamics develops a memory. That is, state-changes depend not only
on the present state but also on the past. Here, we establish the first thermody-
namically consistent mapping of continuous dynamics onto a network, which re-
veals ingrained dynamical symmetries and an unforeseen kinetic hysteresis [1].
These symmetries impose three independent sources of fluctuations in state-to-
state kinetics that determine the “flavor of memory’. The hysteresis between the
forward/backward in time coarse-graining of continuous trajectories implies a
paradigm shift for the thermodynamics of active molecular processes beyond the
assumption of local detailed balance. Our results provide a new understanding
of fluctuations in the operation of molecular machines as well as catch-bonds
involved in cellular adhesion.
[1] DH, A Godec, arXiv:2011.04628 (2020).

DY 17: Complex Fluids - organized by Christine M. Papadakis (Technical University of Munich,
Garching) (joint session CPP/DY)

Time: Tuesday 9:00-16:30

See CPP 8 for details of this session.

Location: CPPb

DY 18: Invited Talk: Andreas Zo6ttl (Vienna)

Time: Tuesday 9:00-9:30

Invited Talk DY 18.1 Tue9:00 DYa
Reinforcement learning of microswimmer chemotaxis using genetic algo-
rithms — ¢ANDREAS ZOTTL, BENEDIKT HARTL, MAXIMILIAN HUBL, and GER-
HARD KaHL — TU Wien
Many bacteria and eukaryotic cells are able to move in viscous fluids by per-
forming nonreciprocal body deformations, such as rotating attached flagella or
by distorting their entire body. In order to perform chemotaxis, i.e. to move to-
wards and to stay at high concentrations of nutrients, they adapt their swimming
gaits in a nontrivial manner.

We propose a model how microswimmers are able to autonomously adapt
their shape in order to swim towards high field concentrations using an internal
decision making machinery modeled by an artificial neural network. We present

Location: DYa

two methods to measure chemical gradients, spatial and temporal sensing. Sur-
prisingly simple neural networks evolve by using the NEAT genetic algorithm
which control the shape deformations of the microswimmer and allows them to
navigate in static and complex time-dependent chemical environments [1]. By
including noisy signal transmission in the neural network the well-known biased
run-and-tumble motion emerges. Our work demonstrates that the evolution of
a simple internal decision-making machinery, which we can fully interpret and
is coupled to the environment, allows navigation in diverse chemical landscapes.
These findings are of relevance for sensing mechanisms of single cells, or for the
simple nervous system of small multicellular organisms such as C. elegans.
[1] B. Hartl, M. Hiibl, G. Kahl, and A. Z6ttl, under review (2021).

DY 19: Statistical Physics 4 - organized by Barbara Drossel (Darmstadt), Sabine Klapp (Berlin) and
Thomas Speck (Mainz)

Time: Tuesday 9:00-10:40

DY 19.1 Tue9:00 DYb
Universal properties of creep flow — «Marko Porovic'?, Tom pE Geus!,
WENCHENG ]11, ALBERTO RossoS, and MATTHIEU Wyart! — !Institute of
Physics, EPFL, Lausanne — “MPI-PKS, Dresden — *LPTMS, CNRS, Univ.
Paris-Sud, Universite-Saclay, 91405 Orsay, France
Amorphous solids, such as atomic glasses, colloidal suspensions, granular matter
or foams, begin to deform plastically when exposed to external stress . Steady
state flow of these materials in absence of thermal fluctuations is usually de-
scribed as € ~ (2 — Zc)ﬂ for stresses above critical stress . and vanishes below.
In presence of thermal fluctuations flow persists below X but is exponentially
suppressed. The transient plastic deformation, called creep flow, is much less
understood despite its importance in practical applications. Creep flow often
displays a power-law decay in time ¢ ~ ¢ # after which it can either arrest or
yield at fluidisation time 7. Recently, various numerical values and laws have
been suggested for y and 77 in experimental or numerical studies. We propose
that the creep flow parameters y and 7 can be expressed in terms of the steady
state flow parameters, both in athermal and thermally activated systems. We
successfully tested all our predictions using different mesoscopic elasto-plastic
models of amorphous solids and found them to be consistent with published
experimental results.

DY 19.2 Tue9:20 DYb
Universality of photon counting below a local bifurcation threshold — «Lisa
ARNDT and FABIAN HassLER — JARA-Institute for Quantum Information,
RWTH Aachen University, D-52056 Aachen, Germany
At a bifurcation point, a small change of a parameter causes a qualitative change
in the dynamics of the system. Quantum fluctuations wash out this abrupt tran-
sition and enable the emission of photons below the classical bifurcation thresh-
old. Close to the bifurcation point, the resulting photon counting statistics is
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determined by the instability. This talk discusses a generic method to derive a
characteristic function of photon counting close to a bifurcation threshold that
only depends on the dynamics and the type of bifurcation, based on the uni-
versality of the Martin-Siggia-Rose action. The method is exemplified for the
cusp catastrophe without conservation laws, which can be implemented by an
experimental setup using driven Josephson junctions.

DY 19.3 Tue 9:40 DYb
Fermionic Criticality Out-of-Equilibrium — <BERNHARD FrANK and
FRANCESCO P1azza — Max-Planck-Institut fiir Physik komplexer Systeme,
Dresden, Germany
Coupling critical bosons to a Fermi surface provides a standard route for the
formation of a non-Fermi liquid: Its correlation functions do not show fea-
tures of Landau quasiparticles but exhibit anomalous power laws, which give
rise to substantial deviations from Fermi liquid results. So far these systems
have been extensively studied in thermal equilibrium, for instance in the con-
text of strange metals. However, recent experiments combine semi-conductor
devices with optical cavities and therefore mandatorily require a theoretical for-
mulation that takes into account the intrinsically open nature of the photonic
sector in order to understand the electronic many-body physics. In particular,
associating the photon with the critical bosonic mode leads to non-Fermi lig-
uids out-of-equilibrium. Here, we use Keldysh field theory to study the paradig-
matic Ising-nematic model in two-dimensions within a simple driven-dissipative
setup. Compared to the situation in the ground state one observes increased de-
cay rates in the low-energy sector of the fermionic spectrum as well as a violation
of the thermal fluctuation dissipation relation caused by the enhanced bosonic
fluctuations generated by the drive.
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DY 19.4 Tue 10:00 DYb
On the dynamics of the Forest Fire Model — «DiEGo Rysski"? and JaN W.
KANTELHARDT® — !'Potsdam Institute for Climate Impact Research - PIK,
Member of Leibniz Association, P.O. Box 601203, 14412 Potsdam, Germany
— “Department of Environmental Science Policy and Management, University
of California Berkeley, 130 Mulford Hall #3114, Berkeley, CA 94720, USA —
*Institute of Physics, Martin-Luther-University Halle-Wittenberg, 06099 Halle,
Germany.
We investigate the Forest Fire Model in its version proposed by Henley (PRL
1993). Extracting the time series of shares of trees in the system, we investi-
gate the temporal dynamics. For large tree growth probabilities p we find sta-
ble regions in which the system reaches a periodic attractor. With decreasing
p the period of the attractor increments and for small values the system en-
ters a chaotic regime as found in a Feigenbaum-Diagram. However, this chaotic
regime also exhibits (quasi-)periodic fluctuations where the frequencg is equal
to p. On larger time-scales we observe a random walk behavior (= 1/ f* scaling)
which approaches white noise (approximately flat spectrum) for very long sim-
ulations, but 1/ f noise only appears as a transition. The standard deviation of

1/2

the fluctuations is proportional to p/<. Our results call for a new view on forest

fire dynamics.

DY 19.5 Tue10:20 DYb
Minority games played by arbitrageurs on the energy market — «T1im Rit-
MEESTER and HILDEGARD MEYER-ORTMANNS — Jacobs University, Bremen,
Germany
Along with the energy transition, the energy markets change their organization
toward more decentralized and self-organized structures, striving for locally op-
timal profits. These tendencies may endanger the physical grid stability. One re-
alistic option is the exhaustion of reserve energy due to an abuse by arbitrageurs.
We map the energy market to different versions of a minority game and deter-
mine the expected amount of arbitrage as well as its fluctuations as a function
of the model parameters. Of particular interest are the impact of heterogeneous
contributions of arbitrageurs, the interplay between external stochastic events
and nonlinear price functions of reserve power, and the effect of risk aversion
due to suspected penalties. As conclusions from our results we propose eco-
nomic and statutory measures to counteract a detrimental effect of arbitrage.

DY 20: Nonlinear Dynamics 1 - organized by Azam Gholami (Gottingen)

Time: Tuesday 9:00-10:00

DY 20.1 Tue9:00 DYc
Discrete light bullets in passively mode-locked semiconductor lasers —
*THOMAS SEIDELI’Z, SVETLANA V. GUREVICHZ, and JULIEN ]AVALOYESI — let.
de Fisica, Universitat de les Illes Balears & IAC-3, Campus UIB, E-07122 Palma
de Mallorca, Spain — “Institute for Theoretical Physics & Center for Nonlinear
Science (CeNoS), University of Miinster, Schlossplatz 2, 48149 Miinster, Ger-
many
We study the emergence and stability of discrete light bullets in the output of a
passively mode-locked semiconductor laser array coupled to a distant saturable
absorber. First, we investigate the dynamics of the tranverse field which can be
modeled by a discretised version of the generalised Rosanov equation and next,
we also include the longitudinal direction and thus, show the existence of three-
dimensional dissipative localized structures with one discrete (transverse) and
two continuous (longitudinal) directions. In both situations, we observe mul-
tistability between solution branches consisting of a different number of lasing
lasers by numerical time integration. For the transverse case, a detailed bifurca-
tion analysis by means of path continuation was conducted in order to study the
transition between different solution branches. Further, the existence of drifting
solitons is demonstrated for both bright and dark localized structures.

DY 20.2 Tue9:20 DYc
Laminar Chaos in Experiments: Nonlinear Systems with Time-Varying
Delays and Noise — «DAVID Mf}LLER-BENDERI, ANDREAS OTTol, GUNTER
RapoNs', Josepn D. HarT>?, and Rajarsur Roy>>* — !Institute of Physics,
Chemnitz University of Technology, 09107 Chemnitz, Germany — *Institute for
Research in Electronics and Applied Physics, University of Maryland, College
Park, Maryland 20742, USA — >Department of Physics, University of Mary-
land, College Park, Maryland 20742, USA — “Institute for Physical Science and
Technology, University of Maryland, College Park, Maryland 20742, USA
A new type of dynamics called laminar chaos was discovered in systems with
time-varying delay [1]. It is a low-dimensional dynamics characterized by lam-
inar phases of nearly constant intensity with periodic durations and a chaotic
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variation of the intensity from phase to phase. This is in contrast to the typically
observed higher-dimensional turbulent chaos, which is characterized by strong
fluctuations. In this work [2], we demonstrate experimentally and theoretically
that laminar chaos is a robust phenomenon. Therefore, we provide the first ex-
perimental observation of laminar chaos by studying an optoelectronic feedback
loop with time-varying delay and provide a time-series analysis toolbox for its
detection. The toolbox is benchmarked by experimental data and by time-series
of a delayed Langevin equation.

[1] Miiller, Otto, and Radons, Phys. Rev. Lett. 120, 084102 (2018).

[2] Hart, Roy, Miiller-Bender, Otto, and Radons, Phys. Rev. Lett. 123, 154101
(2019).

DY 20.3 Tue9:40 DYc
Non-local effects in external cavity passively mode-locked lasers —
oJAN HAUSENI, CHRISTIAN SCHELTEZ, JULIEN IAVALOYESZ, SVETLANA V.
GurevicH>?, and Katay LopGe' — 'TU Berlin, Hardenbergstrasse 36, 10623
Berlin — *Universitat de les Illes Balears & Institute of Applied Computing
and Community Code, Cra. de Valldemossa, km 7.5. Palma (Illes Balears) —
3WWU Miinster, Wilhelm-Klemm-Strasse 9, 48149 Miinster
Asymetrical cavity geometries can improve the performances of passively mode-
locked vertical external-cavity surface-emitting lasers and give rise to non-
equidistant pulse patterns. We show that these geometries create non-local ef-
fects; by analysing a previously developed delay differential equation model, we
derive rigorously a master partial differential equation from the pulse evolution
that contains such non-local terms. We extend our analysis to the dynamics of
non-equidistant pulse patterns in the long cavity regime, in which the pulses be-
come temporal localized structures. We study the influence of the non-locality
stemming from the asymmetric position of the elements in the cavity on the
pulse distance within these patterns and deduce an analytic framework. By per-
forming a Floquet-analysis, we find that with increasing cavity round-trip times
there is a continuous transition from bound pulse patterns to pulses which are
globally bound by the non-local effects, but locally independent, similar to cate-
nane molecules.

DY 21: Active Matter 1 - organized by Carsten Beta (Potsdam), Andreas Menzel (Magdeburg) and
Holger Stark (Berlin) (joint session DY/BP/CPP)

Time: Tuesday 9:30-10:30
DY 21.1 Tue9:30 DYa

Swirl formation of active colloids near criticality — +ROBERT C. LC’)FFLERl,
ToBiAs BAUERLEI, MEHRAN KARDARZ, CHRISTIAN M. ROHWER3, and CLEMENS
BecHINGER! — 'FB Physik, Universitit Konstanz, Germany — “Dep. Physics,
MIT, Cambridge, MA, USA — 3Dep. Mathematics, University of Cape Town,
South Africa
Animal groups like flocks of birds or schools of fish normally show a high degree
of order. Yet they are also responsive to external factors in order to optimize nu-
trition and avoid predation. Various observations of such responsiveness have let
to the assumption that those systems represent a state of order close to a critical
point.

In our experiments, we use light-responsive active Brownian particles (ABPs)
to which we can apply individual torques in a feedback controlled system to study
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such behavioral rules. Through the variation of a single parameter in our inter-
action model based on information about a particles local neighbors, we observe
a continuous phase transition in the collective motion of the group: The ABPs
transition from a disordered swarm to a stable swirl (i.e. milling, vortex-like
state). Being able to continuously change our control parameter we observe a
critical point with explicit bifurcation dynamics in the rotational order param-
eter and critical slowing down, as well as hysteresis in the symmetry-breaking
regime of the control parameter. Observation of such critical behavior in sim-
ple models not only allows for more insight in complex animal behavior but
also helps with designing future rules for collective tasks in robotic or other au-
tonomous systems.
Bauerle et al., Nat. Comm. 11, 2547 (2020); Loffler et al. (in review).
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DY 212 Tue9:50 DYa
A particle-field approach bridges phase separation and collective motion
in active matter — sROBERT GROSSMANN', IGOR ARANSON, and FERNANDO
PERUANT’ — !Institute of Physics and Astronomy, University of Potsdam, Pots-
dam, Germany — *Department of Chemistry, Pennsylvania State University,
University Park (PA), United States of America — >Laboratoire de Physique
Théorique et Modélisation, CY Cergy Paris Université, Cergy-Pontoise, France
Linking seemingly disconnected realms of active matter - active phase-
separation of repulsive discs and collective motion of self-propelled rods - is a
major contemporary challenge. We present a theoretical framework based on the
representation of active particles by smoothed continuum fields which brings the
simplicity of alignment-based models, enabling an analytical analysis, together
with more realistic models for self-propelled objects including their steric, re-
pulsive interactions. We demonstrate on the basis of the collision kinetics how
nonequilibrium stresses acting among self-driven, anisotropic objects hinder the
emergence of motility-induced phase separation and facilitate orientational or-
dering. Moreover, we report that impenetrable, anisotropic rods are found to
form polar, moving clusters, whereas large-scale nematic structures emerge for
soft rods, notably separated by a bistable coexistence regime. Thus, the symmetry

of the ordered state is not dictated by the symmetry of the interaction potential
but is rather a dynamical, emergent property of active systems. This theoreti-
cal framework can represent a variety of active systems: cell tissues, bacterial
colonies, cytoskeletal extracts or shaken granular media.

DY 21.3 Tue10:10 DYa
A Quantitative Kinetic Theory of Flocking in Dry Active Matter Including a
Three Particle Closure — «RUDIGER KURSTEN and THOMAS IHLE — Institut fiir
Physik, Universitit Greifswald, Germany
We consider aligning self-propelled point particles in two dimensions. Their
motion is given by generalized Langevin equations, however, the qualitative be-
havior is as for the famous Vicsek model. We develop a kinetic theory of flocking
beyond mean field. In particular, we take into account the full pair correlation
function. We find excellent quantitative agreement of those pair correlations
with direct agent-based simulations within the disordered regime. Furthermore
we use a closure relation to incorporate the spatial correlations of three parti-
cles. In that way we achieve good quantitative agreement of the onset of flocking
with direct simulations. Compared to mean field theory, the flocking transition
is shifted significantly towards lower noise because angular correlations favor
disorder.

DY 22: Invited Talk: Lucas Goehring (Nottingham)

Time: Tuesday 10:00-10:30

Invited Talk DY 22.1 Tuel10:00 DYc
Stability and dynamics of convection in dry salt lakes — «Lucas GOEHRING',
JaNA LASSERZ, MARCEL ERNST3, MATTHEW THREADGOLD4, CEDRIC BEAUME4,
and STEVEN Tobias* — 1Nottingham Trent University — 2Complexity Science
Hub Vienna — *University of Kassel — *University of Leeds

Dry lakes covered with a salt crust organised into beautifully patterned networks
of narrow ridges are common in arid regions. This talk will consider the possible
origins of this pattern as the surface expression of buoyancy-driven convection in
the porous soil beneath a salt crust. Specifically, we look at convection in a deep
porous medium with a constant through-flow boundary condition on a horizon-
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tal surface, which resembles the situation found below an evaporating salt lake.
Solving the linear stability problem, we show that typical field conditions will
be unstable to subsurface convection. Further exploring the non-linear regime
of this model, we demonstrate how the growth of small downwelling plumes is
itself unstable to coarsening, as the system develops into a dynamic steady state.
Interestingly, a robust length-scale emerges for the pattern wavelength, which is
largely independent of the driving parameters, and consistent with the size of
typical salt crust patterns (arXiv:2004.10578). Finally, we will show how these
results can be extended into three-dimensions and more realistic boundary con-
ditions, and include comparisons to field observations.

DY 23: Active Matter 2 - organized by Carsten Beta (Potsdam), Andreas Menzel (Magdeburg) and
Holger Stark (Berlin) (joint session DY/BP/CPP)

Time: Tuesday 11:00-13:00

DY 23.1 Tue1l:00 DYa
Mesoscale turbulence and dynamical clustering in active polar fluids —
«VASCO MARIUS WORLITZERI, GIL ARIELZ, AVRAHAM BE’ER3, HOLGER STARK4,
MaRrkUS BAR', and SEBASTIAN HEIDENREICH' — 1Department of Mathemati-
cal Modelling and Data Analysis, Physikalisch-Technische Bundesanstalt, Abbe-
strasse 2-12, 10587 Berlin — 2Department of Mathematics, Bar-Illan Univer-
sity, Ramat Gan 52000, Israel — >Zuckerberg Institute for Water Research of the
Negev, Sede Boger Campus 84900 Midreshet Ben-Gurion, Israel — *Institute of
Theoretical Physics, Technische Universitét Berlin, Hardenbergstrasse 36, 10623
Berlin
Bacterial suspensions are fascinating examples for active polar fluids which ex-
hibit large scale collective behavior ranging from polar and disordered states to
so-called mesoscale turbulence and vortex lattices. Previous approaches take
into account the self-propulsion of bacteria and an effective polar-alignment in-
teraction but assume for simplicity a constant density. Comparison with exper-
iments showed that this modelling approach is successful, to some extent, in a
relatively narrow regime corresponding to wild-type swarms in which density is
indeed approximately constant and velocity distributions are Gaussian. We seek
a unified model that can explain the observed phenomena across the entire phase
space of swarming bacteria. To this end, we present a continuum model that
allows variations in density. The model predicts new dynamical regimes, such
as mixed states with coexisting vortex patterns and dynamical clusters, obeying
anomalous statistics, similar to experimental observations.

DY 232 Tuel1l:20 DYa
Rewarding cargo-carrier interactions: cell-mediated particle transport
— ¢VALENTINO LEPROI’Z, ROBERT GROSSMANNI, OLIVER NAGELI, STEFAN
Krumpp®, REINHARD Lipowsky?, and CARSTEN Bera! — !Institute of Physics
and Astronomy, University of Potsdam, 14476 Potsdam, Germany — 2Max
Planck Institute of Colloids and Interfaces, 14476 Potsdam, Germany —
*Institute for the Dynamics of Complex Systems, University of Gottingen, 37077
Goéttingen, Germany
As society paves its way towards devices miniaturization and precision medicine,
micro-scale actuation and guided transport become increasingly prominent
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research fields, with high potential impact in both technological and clini-
cal contexts. To accomplish directed motion of micron-sized cargos towards
specific target sites, a promising strategy is the usage of living cells as smart
biochemically-powered carriers, developing so-called bio-hybrid systems. In
this talk, we discuss eukaryotic active particle transport, using Dictyostelium
discoideum as a model organism. We shed light on the underlying mechanics
and the emerging dynamics governing such cell-mediated transport. A simple
yet powerful model is proposed which reproduces the observed phenomenology
and, moreover, elucidates the role of cell-cargo interactions for the long-time
mass transport efficiency.

DY 23.3 Tuell:40 DYa
Predictivelocal field theories for interacting active Brownian spheres* — JENs
BickMANN and sRAPHAEL WITTKOWSKI — Institut fiir Theoretische Physik,
Center for Soft Nanoscience, Westfilische Wilhelms-Universitit Miinster, D-
48149 Miinster, Germany
We present predictive local field theories for the dynamics of interacting spheri-
cal active Brownian particles in two and three spatial dimensions. Alongside the
general theories, which include configurational order parameters and derivatives
up to infinite order, we present reduced models that are easier to apply. We show
that our theories contain popular models such as Active Model B + as special
cases and that they provide explicit expressions for the coefficients occurring
in these models. As further outcomes, the theories yield analytical expressions,
e.g., for the density-dependent mean swimming speed and the spinodal corre-
sponding to motility-induced phase separation of the particles. The analytical
predictions are found to be in very good agreement with results of Brownian dy-
namics simulations and results from the literature.
*Funded by the Deutsche Forschungsgemeinschaft (DFG) - WI 4170/3-1

DY 234 Tue12:00 DYa
Dynamical States in Underdamped Active Matter with Anti-alignment Inter-
action — «DOMINIC AROLD' and MICHAEL SCHMIEDEBERG? — ! TransDeNLab,
UKD, Dresden, Germany — 2Institut fiir Theoretische Physik 1, FAU, Erlangen,
Germany
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Many active matter systems, especially on the microscopic scale, are well approx-
imated as overdamped, meaning that any inertial momentum is immediately dis-
sipated by the environment. On the other hand, for macroscopic active systems,
the time scale of inertial motion can become large enough to be relevant for the
dynamics already on the single-particle level [1]. This raises the question of how
collective dynamics and the resulting states in active matter are influenced by
inertia. We propose a coarse-grained continuum model for underdamped active
matter based on a dynamical density functional theory for passive systems [2].
Further, we apply the model to a system with short-range alignment and dis-
tant anti-alignment interaction known from the context of pattern formation.
Our simulations of under- and overdamped dynamics both predict a structured
laning state. However, activity-induced convective flows only present in the un-
derdamped model destabilize this state when the anti-alignment is weakened,
leading to a collective motion state which is not predicted in the overdamped
limit. A turbulent transition regime between the two states is distinguished by
strong density fluctuations and the absence of global ordering.

[1] Scholz C et al. 2018 Nature communications 9 5156

[2] Archer A ] 2009 The Journal of chemical physics 130 014509

DY 23.5 Tue12:20 DYa
Chemokinesis causes trapping and avoidance by dynamic scattering —
«Justus KRoMER! and BENJAMIN FRIEDRICH® — !Stanford University, Stan-
ford, United States of America — 2cfaed TU Dresden, Dresden, Germany —
3PoL TU Dresden, Dresden, Germany
A minimal control strategy for artificial microswimmers with limited informa-
tion processing capabilities is chemokinesis: the regulation of random direc-
tional fluctuations or speed as function of local, non-directional cues. In contrast
to chemotaxis, it is not well understood whether chemokinesis is beneficial for
the search for hidden targets.
We present a general theory of chemokinetic search agents that regulate di-
rectional fluctuations according to distance to a target. We characterize a dy-
namic scattering effect that reduces the probability to penetrate regions with

strong directional fluctuations. If the target is surrounded by such a region,
dynamic scattering causes beneficial inward-scattering of agents that had just
missed the target, but also disadvantageous outward-scattering of agents ap-
proaching the target for the first time. If agents respond instantaneously to po-
sitional cues, outward-scattering dominates and chemokinetic agents perform
worse than simple ballistic search. Yet, agents with just two internal states can
decouple both effects and increase the probability to find the target significantly.
We apply our analytical theory to the biological example of sperm chemotaxis
of marine invertebrates. Sperm cells need to pass a noise zone’ surrounding the
egg, where chemokinesis masks chemotaxis. Kromer et al.,, PRL 124, 118101
(2020)

DY 23.6 Tuel12:40 DYa
Magnetic microswimmers exhibit Bose-Einstein-like condensation — FaAN-
LONG MENGI, DaAIKI MATSUNAGAz, «BENOIT MAHAULT3, and RAMIN
GOLESTANIAN® — !CAS Key Laboratory for Theoretical Physics, Institute of
Theoretical Physics, Chinese Academy of Sciences — 2Graduate School of En-
gineering Science, Osaka University — >Max Planck Institute for Dynamics and
Self-Organization
We study an active matter system comprised of magnetic microswimmers con-
fined in a microfluidic channel and show that it exhibits a new type of self-
organized behavior. Combining analytical techniques and Brownian dynamics
simulations, we demonstrate how the interplay of non-equilibrium activity, ex-
ternal driving, and magnetic interactions leads to the condensation of swim-
mers at the center of the channel via a non-equilibrium phase transition that
is formally akin to Bose-Einstein condensation. We find that the effective dy-
namics of the microswimmers can be mapped onto a diffusivity-edge problem,
and use the mapping to build a generalized thermodynamic framework, which
is verified by a parameter-free comparison with our simulations. Our work re-
veals how driven active matter has the potential to generate exotic classical non-
equilibrium phases of matter with traits that are analogous to those observed in
quantum systems.

DY 24: Dynamics and Statistical Physics - Open Session

Time: Tuesday 11:00-13:00

DY 24.1 Tue11:00 DYb
Analysing and Optimizing Nonlinear Memory Capacity of Photonic Reser-
voir Computing — ¢FELIX KosTER', SERHIY YANCHUK?, and KATHY LUDGE! —
nstitut fiir Theoretische Physik, TU Berlin, Hardenbergstrafle 36, 10623 Berlin
— ?Institut fiir Mathematik, TU Berlin, Hardenbergstrafie 36, 10623 Berlin
Reservoir computing is a neuromorphic inspired machine learning paradigm
that utilizes the naturally occurring computational capabilites of dynamical sys-
tems. In this work, we investigate the linear and nonlinear memory capacity of
a delay-based class-A and class-B-laser reservoir computer via eigenvalue anal-
ysis and numerical simulations. We show that these two quantities are deeply
connected, and thus the reservoir computing performance is predictable by an-
alyzing the eigenvalue spectrum. We introduce two new quantities to describe
the influence of the eigenvalue spectrum on the reservoir computer performance.
The insight won by the eigenvalue analysis yields understanding and thus helps
applying better performing reservoir systems for a broader range of tasks.

DY 24.2 Tue1l:20 DYb
Dissipative nonequilibrium synchronization of topological edge states via
self-oscillation — ¢CHRISTOPHER W. WACHTLER1’2’3, VIicToRrR M. BASTIDAS3,
GERNOT SCHALLERI, and WILLIAM J. Munro>* — lInstitut fiir Theoretische
Physik, Berlin, Germany — *Max-Planck Institut fiir Physik komplexer Sys-
teme, Dresden, Germany — 3NTT Basic Research Laboratories, Atsugi, Japan
— *National Institute of Informatics, Tokyo, Japan
The interplay of synchronization and topological band structures with symmetry
protected midgap states under the influence of driving and dissipation is largely
unexplored. Here we consider a trimer chain of electron shuttles, each consist-
ing of a harmonic oscillator coupled to a quantum dot positioned between two
electronic leads. Each shuttle is subject to thermal dissipation and undergoes a
bifurcation towards self-oscillation with a stable limit cycle if driven by a bias
voltage between the leads [1]. By mechanically coupling the oscillators together,
we observe synchronized motion at the ends of the chain, which can be explained
using a linear stability analysis. Because of the inversion symmetry of the trimer
chain, these synchronized states are topologically protected against local disor-
der [2]. Furthermore, with current experimental feasibility, the synchronized
motion can be observed by measuring the dot occupation of each shuttle. Our
results open another avenue to enhance the robustness of synchronized motion
by exploiting topology.

[1] C. W. Wichtler et al., NJP 21, 073009 (2019).
[2] C. W. Wiichtler et al, PRB 102, 014309 (2020).
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DY 24.3 Tue11:40 DYb
Athermal Clustering and Jamming of Active Particles — ¢MICHAEL
SCHMIEDEBERG — Friedrich-Alexander-Universitit Erlangen-Niirnberg, Erlan-
gen, Germany
In simulations of overdamped, repulsive, active particles in two dimensions at
zero temperature the formation of clusters is observed. Note that it is not the
temperature (as for mobility-induced phase transitions in thermal systems) but
the unjamming dynamics that competes with the activity.

To be specific, large clusters that are even jammed in the inside only occur for
intermediate activities. Decreasing the activity unjams the system and increasing
the activity breaks up the clusters. Our simulations are in agreement with our
results in [1], where athermal clustering has been studied in three dimensions in
a simplified model system.

Our results demonstrate that even in the absence of thermal fluctuations a
complex clustering behavior can be observed in active systems. An interesting
task for future works will be to further compare the relation between the ather-
mal clustering and mobility-induced phase transitions in thermal systems to the
relation between athermal jamming and thermal jamming.

[1] M. Maiti and M. Schmiedeberg, EPL 126, 46002 (2019).

DY 244 Tuel2:00 DYb
Unravel the rotational properties of a squirmer in viscoelastic fluids — +Ka1
QII, MARrco DE CORATOZ, and IGNACIO PAGONABARRAGA! — ICECAM, EPFL,
Lausanne, Switzerland — IBEC, BIST, Barcelona, Spain
We investigate the rotational motion of a single swimmer in viscoelastic fluids via
Lattice Boltzmann (LB) simulations. Here, the generic squirmer model is em-
ployed and fluid viscoelasticity is achieved by added flexible polymer chains. The
interplay of activity and boundary conditions between the squirmer and poly-
mers on the squirmer’s rotational motion is addressed. For Reynolds number
close to unity, the rotational diffusion of a pusher/puller that employs the no-
split boundary condition is enhanced over an order of magnitude. This is mainly
due to the asymmetric torques generated during the heterogeneous collisions be-
tween the squirmer and polymers. However, this enhancement is about 5 times
weaker when a short-range repulsion between squirmer’s surface and monomers
is used. By increasing system viscosity, we decrease the Reynolds number by an
order of magnitude. Consequently, polymer’s motility is suppressed profoundly.
We find that the rotational diffusion coefficients of a pusher/neutral swimmer
obtained from two boundary conditions are nearly identical. But the rotational
enhancement of a puller with a no-slip boundary condition is twice stronger
compared with the one exploiting short-range repulsion. This is because colli-
sions occur mainly in the front of a puller due to its special swimming scheme.
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DY 24.5 Tue 12:20 DYb
Transport coefficients of active particles: reverse perturbations and re-
sponse theory — *THOMAS IuLe!, ARASH NIKOUBASHMAN?, SVEN STROTEICH,
and RUDIGER KURSTEN' — !Greifswald University — Johannes-Gutenberg-
University Mainz
The reverse perturbation method [1] for shearing simple liquids is extended to
the Vicsek model (VM) of self-propelled particles. The sheared systems exhibit
a skin effect: Momentum that is fed into the boundaries of a layer decays mostly
exponentially toward the center of the layer. It is shown how the shear viscosity
and the momentum amplification coefficient can be obtained by fitting this de-
cay with an analytical solution of the hydrodynamic equations for the VM. The
viscosity of the VM consists of two parts, a kinetic and a collisional contribution.
Here, a novel expression for the collisional part is derived by an Enskog-like ki-
netic theory [2]. In agent-based simulations, using several methods to measure
transport coefficients, we find excellent agreement between these different meth-
ods and also good agreement with the theoretical predictions. In addition, we
introduce a response theory that allows us to verify the analytical predictions of
kinetic theory and to obtain expressions for non-local transport coefficients. [1]
F. Miller-Plathe, Phys. Rev. E 59, 4894 (1999), [2] A. Nikoubashman, T. Ihle,
Phys. Rev. E 100, 042603 (2019)

DY 24.6 Tue 12:40 DYb
Long-time diffusion and energy transfer in mixtures of particles with dif-
ferent temperatures — <EFE ILker"?, MICHELE CASTELLANA', and JEan-
FrANGOIS ]OANNY1’3 — UInstitut Curie, Paris, France — >Max Planck Institute
for the Physics of Complex Systems, Dresden, Germany — >Collége de France,
Paris, France
In biological systems, crowding and composition are key factors affecting the
rates of material transport while nonequilibrium aspects of active systems enrich
this dynamics from molecular scales to cell populations. Transport properties of
solute particles at long timescales differ from their short-timescale behavior due
to interactions between the constituent particles. The collisions generate addi-
tional friction on a particle, while on top of that, for nonequilibrium (active)
systems, the collisions can also lead to an exchange of energy between differ-
ent constituents. Thus, the long-time diffusion coefficient of a tagged particle is
shaped by the interplay between the effective friction and the energy transfer.
Using the multiple temperature model, we probe these effects in dilute solutions
and derive long-time friction and self-diffusion coefficients as a function of vol-
ume fractions, sizes and temperatures of particles. At these long timescales, we
show that the tagged particle experiences a size-dependent “bath” temperature
which stems from the interparticle energy transfer.

DY 25: Nonlinear Dynamics 2 - organized by Azam Gholami (Gottingen)

Time: Tuesday 11:00-13:00

DY 25.1 Tue11:00 DYc
Social distancing in pedestrian dynamics and its effect on disease spreading
— SINA SAJJADI, ALIREZA HASHEMI, and <FAKHTEH GHANBARNEJAD — Physics
Department, Sharif University of Technology, Tehran, Iran
Non-pharmaceutical measures such as social distancing, can play an important
role to control an epidemic. In this paper, we study the impact of social dis-
tancing on epidemics for which it is executable. We use a mathematical model
combining human mobility and disease spreading. For the mobility dynamics,
we design an agent based model consisting of pedestrian dynamics with a novel
type of force to resemble social distancing in crowded sites. For the spreading dy-
namics, we consider the compartmental SEI dynamics plus an indirect transmis-
sion with the footprints of the infectious pedestrians being the contagion factor.
We show that the increase in the intensity of social distancing has a significant
effect on the exposure risk. By classifying the population into social distancing
abiders and non-abiders, we conclude that the practice of social distancing, even
by a minority of potentially infectious agents, results in a drastic change on the
population exposure risk, but reduces the effectiveness of the protocols when
practiced by the rest of the population. Furthermore, we observe that for con-
tagions which the indirect transmission is more significant, the effectiveness of
social distancing would be reduced. This study can provide a quantitative guide-
line for policy-making on exposure risk reduction.

arXiv preprint: arXiv:2010.12839

DY 25.2 Tue11:20 DYc
Damage-Resilient Computation in Spiking Neural Networks — eFaBIO
SCHITTLER NEVES, GEORG BORNER, and MARC TIMME — Chair for Network
Dynamics, Institute for Theoretical Physics & Center for Advancing Electronics
Dresden (cfaed), TU Dresden, Dresden, Germany
Networks of spiking neurons with inhibitory coupling exhibit reconfigurable k-
winner-take-all computations via changes to a single parameter [1], robustly de-
termining the k strongest out of N analog inputs. Such partial rank ordering
of signals provides a natural basis for computing arbitrary functions. Moreover,
computations are completed within a few spikes (~k), thus requiring low power.
Here we show that such networks are strongly resilient with respect to failure or
removal of neural units. We develop strategies for immediate function recovery
that work even after damage to an extremely large number of units. These net-
works exhibit two forms of resilience: first, the loss of less than N-k units do not
translate in any change in dynamics, as the N-k neurons receiving the weaker in-
puts never spike, thus never contribute to any collective network dynamics; sec-
ond, the systems provide great flexibility through symmetric coupling, because
any unit in the network can functionally replace any other. Suitably interacting
inhibitory neural networks may provide resilient and flexible analogue compu-
tations at low power and offer attractive solutions where unit repair or replace-
ments are economically or practically infeasible, for example in autonomous and
remote computing.

[1] E S. Neves & M. Timme, IEEE Access 8:179648 (2020).

DY 25.3 Tuell:40 DYc
Localization in the Kicked Ising Chain from a Dual Perspective — ¢DANIEL
WALTNER', PETR BrRAUN!, MARAM AKILA?, BORIS GUTKIN®, and THOMAS
Gunr' — 'Fakultit fiir Physik, Universitdt Duisburg-Essen, 47048 Duisburg,
Germany — Fraunhofer IAIS, Schloss Birlinghoven, 53757 Sankt Augustin,
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Germany — *Department of Applied Mathematics, Holon Institute of Technol-
ogy, 58102 Holon, Israel

Determining the border between ergodic and localized behavior is of central in-
terest for interacting many-body systems. We consider here the recently very
popular spin-chain model that is periodically excited. A convenient descrip-
tion of such a many-body system is achieved by the dual operator that evolves
the system in contrast to the time-evolution operator not in time but in particle
direction. We identify by various methods the largest eigenvalue of the dual op-
erator as a convenient tool to identify if the system shows ergodic or many-body
localized features.

DY 254 Tue12:00 DYc
Understanding the origin of line defects in heart tissue. — <MARCEL
HéRNINGl, ALESSANDRO LOPPINIZ, ALESSIO GIZZIZ, Fravio H FENTONS, and
SiMONETTA FiLippr> — !Institute of Biomaterials and Biomolecular Systems,
University of Stuttgart, Stuttgart, Germany — 2University Campus Bio-Medico
of Rome, Rome, Italy — >School of Physics, Georgia Institute of Technology,
Atlanta, Georgia, USA
Spatiotemporal patterns are observed in a wide range of excitable systems. They
have important and diverse regulatory functions. In the heart, excitable waves
can form complex oscillatory and chaotic patterns even at an abnormally higher
frequency than normal heart beats, which increase the risk of fatal heart con-
ditions by inhibiting normal blood circulation. Previous studies suggested that
the occurrence of line defects in alternans play a critical role in the stabilizion of
those undesirable patterns. However, this nonlinear phenomenon is still poorly
understood. It remains to be elucidated, how nodal lines form, what their origin
is, and how they stabilise. Here we show new insights in the stability of those
by observing and analysing nodal line dynamics in spiral waves (in-vitro) and
entrained high-frequency waves (ex-vivo).

DY 255 Tue12:20 DYc

Effects of social distancing and isolation modeled via dynamical density func-
tional theory* — «MICHAEL TE VRUGT, JENS BICKMANN, and RAPHAEL WIT-
TKOWSKI — Institut fiir Theoretische Physik, Center for Soft Nanoscience, West-
falische Wilhelms-Universitit Miinster, D-48149, Miinster, Germany
For preventing the spread of epidemics such as the coronavirus disease COVID-
19, social distancing and the isolation of infected persons are crucial. However,
existing reaction-diffusion equations for epidemic spreading are incapable of de-
scribing these effects. In this talk, we present an extended model for disease
spread based on combining a susceptible-infected-recovered model with a dy-
namical density functional theory where social distancing and isolation of in-
fected persons are explicitly taken into account [1]. We show that the model
exhibits interesting transient phase separation associated with a reduction of the
number of infections, and provides new insights into the control of pandemics.
An extension of the model [2] allows for an investigation of adaptive contain-
ment strategies. Here, a variety of phases with different numbers of shutdowns
and deaths are found, an effect that is of crucial importance for public health
policy.

[1] M. te Vrugt, J. Bickmann and R. Wittkowski, Nature Communications 11,
5576 (2020)

[2] M. te Vrugt, J. Bickmann and R. Wittkowski, arXiv:2010.00962 (2020)

*Funded by the Deutsche Forschungsgemeinschaft (DFG) - WI 4170/3-1
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DY 25.6 Tue12:40 DYc

Information spread enhanced by criticality in high-responsive groups of fish

— «Luts G6MEZ Nava'?, RoBERT T. LANGE>?, PascaL P. KLamser'2, HEN-

NING SPREKELER>, and PAWEL Romanczuk > — Institute for Theoretical Bi-

olozgy, Philippstrasse 13, Humboldt University of Berlin, 10115 Berlin, Germany

Bernstein Center for Computational Neuroscience, 10115 Berlin, Germany

— 3Science of Intelligence (SCIol), Marchstrasse 23, Technical University of
Berlin, 10587 Berlin, Germany

Collective dynamics in animal groups has been studied in recent years inten-

sively. Recent works have suggested that such multi-agent systems should oper-

ate in a special parameter region, close to critical points. This is relevant because
critical systems exhibit unique properties like maximal responsiveness to exter-
nal stimuli and optimal propagation of information within the group. In our
work, we study a high-density system of sulphur mollies in their natural habi-
tat. We measure the surface activity of the fish and characterize their response
to external fluctuations. This surface activity results to be similar to the one ob-
served in critical systems (we observe power law-distributed observables, as well
as separation of time scales of the activity). We model the system dynamics us-
ing cellular automata and we conclude that this natural system operates indeed
in a special parameter region. We provide as well a biological interpretation of
the characteristic features of such a critical system.

DY 26: Data Analytics for Complex Dynamical Systems (joint SOE/DY Focus Session) (joint session
SOE/DY)

Time: Tuesday 11:00-12:40

See SOE 4 for details of this session.

Location: SOEa

DY 27: Fluid Physics 3 - organized by Stephan Weiss and Michael Wilczek (Gottingen)

Time: Tuesday 14:00-17:10

Invited Talk DY 27.1 Tue14:00 DYa
Human exhaled particles from nanometres to millimetres
*GHOLAMHOSSEIN BAGHERI — Max Planck Institute for Dynamics and Self-
Organization, Goettingen, Germany

COVID-19 and other airborne diseases are transmitted to healthy individuals by
inhalation of pathogen-containing particles exhaled by infectious persons. Here
I provide an overview of the mechanisms involved in formation of these particles
and the flow physics of the exhaled air. I will present results of our comprehen-
sive experimental study to characterise the size distribution of exhaled particles
from more than 125 subjects aged 5-88 years using aerosol size spectrometers
and in-line holography. I will also discuss the physics of the exhalation flows dur-
ing different respiratory manoeuvres by presenting results from our size-resolved
three-dimensional particle tracking imaged at 10-15 kHz, which are furthermore
complemented by two-dimensional optical flow measurements. In total, we have
collected and analysed 200 h of exhalation samples with the spectrometers, 9000
holograms, and more than three million images from the high-speed cameras.
With this database, we are now able to predict risk of infection from human ex-
haled particles in indoor environments using conventional infection models as
shown in our multilingual web application (https://aerosol.ds.mpg.de). Finally,
we have further improved risk assessment models to account for particles con-
taining multiple pathogens. This research is funded by the Max Planck Society,
Universitatsmedizin Gottingen and Bundesweites Forschungsnetz Angewandte
Surveillance und Testung project.

DY 272 Tue14:30 DYa
Emergent transport in growing bacterial colonies — ¢ ANUPAM SENGUPTA —
Physics of Living Matter, Dept. of Physics and Materials Science, University of
Luxembourg
Bacteria are known to mediate vital processes in ecology, medicine and indus-
try. Morphology, a key bacterial trait, has been long studied for its biophysical
functions. Yet, only recently we have started to uncover the role of morphol-
ogy in tuning the emergent properties in active cellular micro-environments[1].
Here, I will present recent results that elucidate how non-motile bacteria harness
morphology to regulate transport properties over colony scales. We examine
the geometric and mechanical properties of growing colonies, with a particular
focus on the emergence of topological defects that act as active hydrodynamic
sites. Our experimental results indicate that the number of topological defects
depends on the cell geometry and colony dimensions, which in turn regulate
the emergent transport properties within the bacterial colonies. Our results are
supported by MD simulations and continuous modelling [2, 3], suggesting that
defect mediated mechanics can potentially lead to biological functions, owing
to the active hydrodynamics at scales that are orders of magnitude larger than
individual cells. [1] A. Sengupta, Microbial Active Matter: A Topological Per-
spective, Front. Phys. 8, 184, 2020; [2] You, Pearce, Sengupta, Giomi, Phys. Rev.
X. 8 (2018); [3] You, Pearce, Sengupta, Giomi, Phys. Rev. Lett. 123 (2019).

DY 27.3 Tue14:50 DYa
Hydrodynamically coupled cilia: synchronization and noise — <ANTON
SoLovEV and BENJAMIN M. FRIEDRICH — TU Dresden, Germany
Motile cilia on ciliated epithelia in mammalian airways, brain ventricles and
oviduct can display coordinated beating in the form of metachronal (=travel-
ing) waves [1]. Past research proposed hydrodynamic coupling as a mechanism
of synchronization, yet if such synchronization is stable in the presence of noise
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(corresponding to active fluctuations of cilia beating) has been addressed only
for n = 2 cilia [2], while the question of multi-stable synchronization in cilia
carpets (n >> 1) remains open.

Using multi-scale simulations [3] that map hydrodynamic interactions be-
tween cilia on a generalized Kuramoto model of phase oscillators with local cou-
pling, we predict many multi-stable metachronal wave states, yet only one or two
of them have considerable basins of attraction.

In the presence of noise, we observe stochastic transitions between different
waves [4]. Active noise excites long-wavelength perturbations (which take rel-
atively long time to decay). Strong noise impedes global synchronization and
causes a break-up into smaller synchronized patches (similar to a chimera state).
[1] W. Gilpin, M.S. Bull, and M. Prakash, Nat Rev Phys 2, 74 (2020)

[2] R. Ma et al,, Phys. Rev. Lett. 113, 048101 (2014)
[3] A. Solovev, B.M. Friedrich, preprint arXiv:2010.08111 (2020)
[4] A. Solovev, B.M. Friedrich, preprint arXiv:2012.11741 (2020)

DY 274 Tuel15:10 DYa

Boundary conditions for polar active fluids exhibiting mesoscale turbulence
— eSEBASTIAN HEIDENREICHI, HENNING REINKENZ, DAkl NISHIGUCHIs, AN-
DREY SOLOL0V4, IGOR S. ARANSON® ,and SABINE H. L. Krapp? — 1Physikalisch
Technische Bundesanstalt Braunschweig und Berlin, Germany — *Technische
Universitit Berlin, Germany — 3University of Tokyo, Japan — 4Argonne Na-
tional Laboratory, USA — >Pennsylvania State University, USA
Bacterial suspensions are intriguing examples for active polar fluids which ex-
hibit large-scale collective behaviour from mesoscale turbu- lence to vortex lat-
tices. The bulk collective motion is well described by a continuum equation with
derivatives up to the fourth order [1]. That simple model reproduces experimen-
tal findings of mesoscale turbulence and was recently derived from a minimal
micro-swimmer model. How- ever, the treatment of boundaries to describe the
collective motion in a confinement or near walls remains so far unknown. In the
talk, we propose boundary conditions for active polar fluids suitable to de- scribe
recent experiments of Bacillus subtilis bacteria moving in an array of lithographic
designed pillars [2]. Furthermore, we describe the collective motion of bacteria
around single pillars of different sizes in experiments and show that the model
with the mentioned boundary conditions reproduces this behavior faithfully.

[1] J. Dunkel, S. Heidenreich, M. Bar and R. E. Goldstein, New. J. Phys. 15,
040516 (2013). [2] D. Nishiguchi, I. S. Aranson, A. Snezhko and A. Sokolov Nat.
Comm. 9, 4486 (2018).

DY 275 Tue15:30 DYa
Non-equilibrium phase transitions in bacterial vortex lattices — «HENNING
REINKENI, SEBASTIAN HEIDENREICH? , MARKUS BARZ, and SABINE H. L. KLapp!
— "Technische Universitit Berlin, Germany — *Physikalisch-Technische Bun-
desanstalt, Berlin, Germany
Recent theoretical and experimental studies have shown that the turbulent vor-
tex structures emerging in bacterial active fluids can be organized into regular
vortex lattices by weak geometrical constraints such as small pillars [1,2].

Using a deterministic continuum-theoretical approach for the effective mi-
croswimmer velocity [3], we show that the emergence and disappearance of these
non-equilibrium structures shares many similarities with second-order equilib-
rium phase transitions including critical behavior, e.g., long-range correlations
and divergent susceptibility at the critical point. The exponents are very close to
those of the 2D Ising model with nearest-neighbor interactions. A mapping to
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the Onsager solution allows us to identify an effective temperature linear in the
strength of nonlinear advection.

[1] D. Nishiguchi, I. S. Aranson, A. Snezhko, and A. Sokolov, Nat. Commun. 9,
4486 (2018)

[2] H. Reinken, D. Nishiguchi, S. Heidenreich, A. Sokolov, M. Bir, S. H. L. Klapp,
and L. S. Aranson, Commun. Phys. 3, 76 (2020)

[3] H. Reinken, S. H. L. Klapp, M. Bir, and S. Heidenreich, Phys. Rev. E 97,
022613 (2018)

DY 27.6 Tue15:50 DYa
Impact of the gut motility on nutrient absorption and bacterial growth —
«AGNESE Coputti“? and KAReN ALim? — IMPIDS, Goettingen, Germany —
’TUM Physics, Munich, Germany
The small intestine malfunctioning and its microbiome have been linked to se-
rious diseases (from obesity, diabetes, Crohn disease to depression and anxiety).
Therefore, the study of the physics underlaying such malfunctioning and the
healthy gut behavior is of vital importance. In our work, we aim to theoretically
model the tight link between gut motility, fluid flows, nutrients absorption and
bacterial growth. We extend the Taylor dispersion approach to the case of an
absorbing tube with moving walls, and we use a system of coupled equations
to model nutrients and bacteria. We show that the gut motility deeply impacts
the nutrient absorption: motility patterns with slow flows such as segmentation
increase the nutrient absorption due to the long permanence times, while motil-
ity patterns with strong flows such as peristalsis reduce the absorption. On the
contrary, segmentation favours the bacterial growth, while peristalsis reduces it.
Therefore, we prove that the gut alternates such patterns to maximize nutrient
absorption and minimise bacterial growth.

DY 27.7 Tue16:10 DYa
Wet-tip versus dry-tip regimes of osmotically driven bile flow in the liver —
OLEKSANDR OSTRENKO, MICHAEL KUCKEN, and «LuTz BruscH — Center for
Information Services and High Perfor- mance Computing (ZIH), Technische
Universitit Dresden, Germany
The secretion of osmolites into a lumen and thereby caused osmotic water inflow
drive fluid flows like saliva, sweat and bile in organs without a mechanical pump,
as opposed to the heart in blood circulation. The effects of elevated fluid pressure
and the associated mechanical limitations of organ function remain largely un-
known. We consider the pressure profile of the coupled osmolite-flow problem
with combined velocity and pressure boundary conditions. Notably, the entire
lateral boundary acts as a fluid source, the strength of which is determined by
feedback from the emergent pressure solution itself. Hence, the pressure differ-
ence between the boundaries is not imposed but self-organises. Our theoretical
results reveal fundamental parameter dependencies and a phase boundary sepa-
rating the commonly considered “wet-tip” regime with steady flow out of the very
tip of a channel from a "dry-tip” regime suffering stalled flow and a self-organised
block of osmotic water inflow [1]. We validate model predictions against intra-
vital video microscopy data from mouse liver [2] and propose a relation between
the predicted phase boundary and the onset of zonated cholestasis, a pathologi-
cal liver condition [3].

[1] Ostrenko et al. (2019) Scientific Reports 9, 4528. [2] Meyer et al. (2017)
Cell Systems 4, 277. [3] Segovia-Miranda et al. (2019) Nature Medicine 25, 1885.

DY 27.8 Tue16:30 DYa
Resistive force theory and wave dynamics in swimming flagellar apparatus
isolated from C. reinhardtii — SAMIRA GoLl PozvEeH', ALBERT BAEZ, and
«Azam GHoLamr' — "MPI for Dynamics and Self-organization, Géttingen,
Germany — 2Department of Biomedical Engineering, Univ. of Rochester, USA
The-biflagellated micro-swimmer Chlamydomonas reinhardtii is a model organ-
ism to study dynamics of flagellar synchronization. Hydrodynamic interactions,
intracellular mechanical coupling or cell body rocking are believed to play crucial
role in synchronization of flag- ellar beating in green algae. Here, we use freely
swimming intact flagellar apparatus isolated from wall-less strain of Chlamy-
domonas to investigate wave dynamics. Our analysis in phase coordinates show
that, when the frequency difference between the flagella is high (10-41% of the
mean), neither mechanical coupling via basal body nor hydrodynamics interac-
tions are strong enough to synchronize two flagella, indicating that beating fre-
quency is perhaps controlled internally by the cell. We also examined the validity
of resistive force theory for a flagellar apparatus swimming freely in the vicin-
ity of a substrate and found a quantitative agreement between experimental data
and simulations with drag anisotropy of ratio 2. Finally, using a simplified wave
form, we investigated the influence of phase and frequency differences, intrinsic
curvature and wave amplitude on the swimming trajectory of flagellar apparatus.
Our analysis shows that by controlling phase or frequency differences between
two flagella, steering can occur.

DY 279 Tuel6:50 DYa
Rectified Diffusion of E. coli in Microfluidic Labyrinths — eARIANE
WEBER1’2'3, MARCO BAHRS4, ZAHRA ALIREZAEIZANIANI4, XINGYU ZHANGI’Z,
CArsTEN Beta?, and Vasiy ZaBurpaev? — 1Department Biologie,
Friedrich-Alexander-Universitit Erlangen-Niirnberg — 2Max-Planck-Zentrum
fiir Physik und Medizin, Erlangen — 3Max-Planck-Institut fiir Menschheits-
geschichte, Jena — *Institut fiir Physik und Astronomie, Universitit Potsdam
In many natural environments such as tissue or soil, bacteria have to orient
through and interact with complex surroundings. To describe the bacterial dis-
persal in such environments, the movement of bacteria in the presence of spatial
restrictions has to be understood qualitatively and quantitatively. In the present
work, we take a first step in this direction by studying the spreading of E. coli
in labyrinths of square and hexagonal geometry, both experimentally and the-
oretically. Using a microscopic tracking system, we first generate experimental
data quantifying the dispersal of the bacteria in quasi-two-dimensional microflu-
idic labyrinths. Second, we formulate a two-dimensional random walk model
of the bacterial movement within the labyrinths to (i) find theoretical expres-
sions quantifying the diffusive motion and (ii) produce numerical results by im-
plementing it in computer simulations. We then verify the analytical results by
comparing them with the simulation statistics and the experimental data. Taken
together, we are able to quantify the bacterial dispersal on short time scales and
model it on large time scales, predicting faster dispersal and a prolonged time of
non-Gaussian diffusion within the labyrinths.

DY 28: Statistical Physics 5 - organized by Barbara Drossel (Darmstadt), Sabine Klapp (Berlin) and
Thomas Speck (Mainz)

Time: Tuesday 14:00-15:40

DY 28.1 Tue 14:00 DYb
Non-Reversible Monte Carlo Simulations of Long-Range Interacting Molec-
ular Systems — «PHILIPP HC')LLMERI, LiaANG QINZ, MICHAEL E FAULKNERS, A.
C. Macas®, and WERNER KRAUTH? — 1University of Bonn, Germany — 2Ecole
normale supérieure de Paris, France — >University of Bristol, United Kingdom
— *ESPCI Paris, France
We present current progress of developing non-reversible Markov-chain Monte
Carlo (MCMC) algorithms for efficient simulations of atom-based models of
molecules that include long-ranged interactions. The event-chain Monte Carlo
(ECMC) algorithm samples the Boltzmann distribution exactly without com-
puting energy changes, which removes the computational bottleneck of tradi-
tional reversible MCMC simulations. Also, in contrast to molecular dynamics,
the mixing and autocorrelation times of MCMC are not locked to the physical
dynamics.

We introduce our open-source JeLLyFysh (JF) application that implements
ECMC in a general way by demonstrating number of worked out molecular-
simulation examples that include, e.g., liquid water. We then highlight recent
improvements of the application and ECMC itself. This includes, in particular,
the concept of fast sequential Markov chains where ECMC’s direction of motion
is sequentially chosen from a set. Choosing a large direction set leads to much
shorter mixing times of the rotational degree of freedom, and may thus greatly
accelerate ECMC simulations of molecular systems.
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DY 28.2 Tue 14:20 DYb
‘What can kinetic Monte Carlo do for active Matter? — «JULIANE U. KLAMSER! N
OL1vier DaucHOT!, and JuLIEN TAILLEUR® — ! Gulliver UMR CNRS 7083, ES-
PCI Paris, Université PSL, 75005 Paris, France — 2Laboratoire Matiere et Sys-
temes Complexes, UMR 7057 CNRS/P7, Université Paris Diderot, 10 rue Alice
Domon et Leonie Duquet, 75205 Paris cedex 13, France
As an efficient numerical method, discrete-time, continuous-space Monte Carlo
(MC) is wildly used in physics. While constructing an active matter version is
straightforward, the question remains to what extent it faithfully captures real-
world active systems. We focus on a kinetic MC version for the simplest kind
of active matter: persistently moving, non-polar, interacting particles. On the
multi-particle level, the MC dynamics captures not only Motility-induced phase
separation but also features a non-equilibrium extension of the celebrated two-
dimensional melting. An attempt to characterize these phases and their tran-
sitions relies on the existence of a thermodynamic pressure, which is not guar-
anteed outside equilibrium. For a soundly chosen version of the MC dynamics,
we show that pressure is a thermodynamic state variable over a robust param-
eter range. This is demonstrated by deriving the corresponding Langevin de-
scription and the associated expression for pressure, which is confirmed by large
scale many-particle simulations. Last but not least, our work culminates in a pre-
scription for extending kinetic MC to the standard active matter models, namely
active Brownian particles and active Ornstein-Uhlenbeck particles.
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DY 28.3 Tue 14:40 DYb
General solution to the one-dimensional connectivity problem — ¢FABIAN
COUPETTE, ANDREAS HARTEL, and TANJA SCHILLING — Institut of Physics, Uni-
versity of Freiburg, Germany
We present a general method to obtain the connectivity properties of an arbi-
trary one-dimensional pairwise interacting n-body system in thermal equilib-
rium. As input, solely the pair density distribution associated to the equilibrium
state is required. Accordingly, if exact analytic results exist for the pair density
distribution, the pair connectivity can be determined equally exactly. This is il-
lustrated for fully penetrable and impenetrable rods as well as a repulsive 1/7>
nearest-neighbor interaction potential. We also discuss implications of our work
for long-ranged interactions, systems in external fields and higher dimensions.

DY 284 Tue 15:00 DYb
Criticality in the mechanical regulation of cell adhesion — «KRrisTIAN BLOM
and Arjaz Gopec — Max Planck Institute for Biophysical Chemistry, Gottin-
gen, Germany
Cell adhesion, the process by which cells physically attach to their environment,
is established through binding of cellular adhesion molecules located at the outer
cell membrane. While on the single molecule level adhesive strength is set by the
intrinsic-binding affinity alone, on the many-body level an effective interaction
between neighboring adhesion molecules arises through fluctuations of the an-
choring cell membrane. Changes in the membrane stiffness, observed in e.g. tu-
mor and muscle cells, alter the effective interaction strength and in turn facilitate
mechanical regulation of adhesion. In this talk we will explain how mechanical
regulation affects the equilibrium binding state and (un)binding kinetics of ad-
hesion clusters. Ranging from small to large clusters, we show that there always

exists an optimal membrane stiffness at which the (un)binding rates are largest.
In the thermodynamic limit we observe a dynamical phase transition at which
the dominant (un)binding pathway undergoes a qualitative change.

[1] K. Blom, A. Godec, arXiv:2011.05310 (2020)

DY 28.5 Tue 1520 DYb
Complex routes towards a fully-grown monolayer of "sticky" hard rods —
«Mir1AM KLOPOTEK, HANS JOACHIM SCHOPE, and MARTIN OETTEL — Univer-
sity of Tiibingen, Tiibingen, Germany
We study “sticky” hard rods confined to maximally one monolayer, i.e. “(2+1)D”
confinement, in a basic, on-lattice model system for thin film growth with
anisotropic particles at early stages [1]. We execute a large array of kinetic Monte
Carlo (KMC) simulations of the nonequilibrium dynamics [2]. The physics of
monolayer growth with “sticky” hard rods is extremely rich. The bounty of phe-
nomena on metastable phases and complex phase transition kinetics we find has
not been addressed before by comparable simulation or analytical models. We
identify at least five different phase transition scenarios; the different dynamical
regimes are traceable in the 2D plane (“map”) spanned by the reduced temper-
ature (or attraction strength) and deposition-flux-to-diffusion ratio. The rod-
length as well as simple substrate potentials further shift these regimes and alter
the topology of the “map”, i.e. the set of phase transition scenarios. The specific
model choice for microscopic rotational dynamics of rods is another, surpris-
ingly important factor altering the kinetics and, therewith, the morphological
evolution.
[1] G. Hlawacek and C. Teichert, J. Phys.: Condens. Matter 25 (2013), p. 143202.
[2] M. Klopotek et al., J. Chem. Phys. 146.8 (2017), p. 084903.

DY 29: Invited Talk: Karen Daniels (Raleigh)

Time: Tuesday 14:00-14:30

Invited Talk DY 29.1 Tue14:00 DYc
Fingers, fractals, and flow in liquid metals — «<KAREN DANIELS — North Car-
olina State University, USA

A droplet of pure water placed on a clean glass surface will spread axisymmet-
rically, and a droplet of mercury will bead up into a spherical droplet. In both
cases, the droplet is minimizing its surface energy — creating an object with a
minimized surface area — and there is nothing to break the symmetry. Remark-
ably, droplets of the room-temperature liquid gallium-indium (EGaln), which
like all metals have an enormous surface tension, can nonetheless undergo fin-

Location: DYc

gering instabilities in the presence of an oxidizing voltage. I will describe how
this oxide acts like a reversible surfactant, generating fingering instabilities, tip-
splitting, and even fractals, through Marangoni instabilities. Remarkably, we
find that EGaln droplets placed in an electrolyte under an applied voltage can
achieve near-zero surface tension. This effect can in turn be used to suppress
the Rayleigh-Plateau instability in falling streams. Quantitative control of these
effects provides a new route for the development of reconfigurable electronic,
electromagnetic, and optical devices that take advantage of the metallic proper-
ties of liquid metals.

DY 30: Complex Fluids and Soft Matter 1 - organized by Uwe Thiele (Miinster) (joint session
DY/CPP)

Time: Tuesday 14:30-16:30

DY 30.1 Tue 14:30 DYc
How Frost Forms and Grows on Lubricant Impregnated Surfaces — <LUKAS
HAUERI, WiLLiAM S.Y. WONGI, Lou KONDICZ, and Doris VoLLmer! — 'Max
Planck Institute for Polymer Research, Mainz, Germany — 2Department of
Mathematical Sciences, NJIT, Newark, USA
In many technical applications the formation of frost and ice displays a hazard
to the steady functionality of devices. This motivates the development of new
materials to tackle the reduction of frosting and icing on surfaces. While ic-
ing on surfaces is commonly studied by localized nucleation mechanisms, the
formation of frost is comparable more complicated: Formation of condensate
droplets, freezing, and frost front propagation are multi-physical processes on
multiple time and length scales. Lubricant impregnated surfaces are known for
improved anti-icing properties. They experience lower ice drop adhesion and
allegedly delayed surface frost formation. We show that frost formation can
induce immensely strong capillary forces that could result in surface damage,
lubricant depletion and the loss of anti-icing properties. Laser scanning confo-
cal microscopy enables us to monitor the dynamic lubricant migration during
condensation frosting on micro-structured surfaces. We present a quantitative
model of the lubricant migration, utilizing lubrication theory. This work serves
to improve understanding of lubricant dynamics during condensation frosting,
providing roadmaps towards the future design of anti-icing surfaces.

DY 30.2 Tue 14:50 DYc
Hydraulic and electric control of cell spheroids — <CHARLIE Ducrut!,
JacQuEes Prost?, and Frank JULicHER' — !Max Planck Institute for the
Physics of Complex Systems, Dresden, Germany — Laboratoire Physico Chimie
Curie, Institut Curie, Paris, France — > Center for Systems Biology Dresden, Ger-
many
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In addition to generating forces and reacting to mechanical cues, tissues are capa-
ble to actively pump fluid and create electric current. In this talk, we will discuss
how a hydraulic or electrical perturbation, imposed for instance by a drain of mi-
crometric diameter, can be used to perturb tissue growth dynamics. We address
this issue in a continuum description of a spherical cell assembly that includes
the mechanical, electrical and hydraulic properties of the tissue. This approach
allows us to discuss and quantify the effect of electrohydraulic perturbations on
the long-time states of the tissue. We highlight that a sufficiently strong external
flow or electric current can drive a proliferating spheroid to decay. We propose
that this could have applications in medicine.

DY 30.3 Tue15:10 DYc
Controlling Elastic Turbulence — «REINIER VAN BUEL and HOLGER STARK —
Institut fiir Theoretische Physik, Technische Universitét Berlin, Hardenbergstr.
36, 10623 Berlin, Germany
Controlling the flow patterns of viscoelastic fluids is extremely challenging due to
their inherent non-linear and time-dependent properties. These complex fluids
exhibit transitions from laminar to turbulent flows, which is useful for heat and
mass transport in liquids at the micron scale [1], whereas in Newtonian fluids
transport is dominated by diffusion. Turbulent viscoelastic flows show similar
properties as their counterparts in Newtonian fluids [1,2] and consequently the
observed flow pattern is called elastic turbulence [1]. It occurs in shear flow for
increasing Weissenberg number Wi, the product of polymer relaxation time and
shear rate.

Numerically solving the Oldroyd-B model in a two-dimensional Taylor-
Couette geometry, we have identified and described the supercritical transition
to turbulent flow at a critical Weissenberg number [2]. Here, we demonstrate that
elastic turbulence can be controlled by a time-modulated shear rate. The order
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parameter measuring the strength of turbulence continuously goes to zero with
increasing modulation frequency or Deborah number De. It ultimately vanishes
via a supercritical transition, where flow then becomes laminar. Moving closer to
the critical Weissenberg number, smaller modulation frequencies are sufficient
to induce laminar flow.

[1] A. Groisman and V. Steinberg, Nature 405, 53 (2000).

[2] R. Buel, C. Schaaf, H. Stark, Europhys. Lett. 124, 14001 (2018).

DY 30.4 Tue15:30 DYc
Hydrodynamics of a Pair of Soft Capsules in Inertial Microfluidics —
*KUNTAL PATEL and HOLGER STARK — Institut fiir Theoretische Physik, Tech-
nische Universitit Berlin, Berlin, Germany
In recent years, inertial microfluidics has emerged as a robust technique to pre-
cisely manipulate solid particles and biological cells. Also, the fact that iner-
tial microfluidics operates at finite Reynolds numbers enables to achieve high
throughput. In the present work, we perform 3D numerical simulations to study
the hydrodynamic interaction and inertial migration of two soft capsules in a
microchannel with quadratic cross section. We employ the lattice Boltzmann
method to determine fluid flow and the finite element method to model capsule
dynamics. The coupling between bulk fluid and capsules is realized using the
immersed boundary method.

We investigate the effect of different starting positions for mono- and bi-
dispersed pairs of varying softness and capsule shape. Based on the tempo-
ral evolution of interparticle distance, we characterize the dynamics of various
mono- and bi-dispersed pairs into four types: stable pair, stable pair with damped
oscillations, stable pair with bounded oscillations, and unstable pair. We observe
that stable pairs become unstable when increasing the particle stiffness. Further-
more, a pair with both capsules in the same channel half is more prone to become
unstable than a pair with capsules in the opposite channel halves.

DY 30.5 Tue15:50 DYc
Hydrodynamics of immiscible binary fluids with viscosity contrast: A
Multiparticle Collision Dynamics approach — <ZiHaN Tan!, Vania
CALANDRINIZ, JaN DHONTl, GERHARD N}&GELEI, and ROLAND WINKLER®
— !'Biomacromolecular Systems and Processes, Institute of Biological
Information Processing, Forschungszentrum Jilich, 52428 Jilich, Ger-
many — “Computational Biomedicine, Institute for Advanced Simulation,
Forschungszentrum Jiilich, 52428 Jiilich, Germany — >Theoretical Physics of

Living Matter, Institute for Advanced Simulation, Forschungszentrum Jilich,
52428 Jiilich, Germany

By coupling distinct collision steps in each fluid domain, immiscible binary fluids
with different viscosities connected by coarse-grained planer interfaces are real-
ized by multiparticle collision dynamics (MPC). The flow and the stress-viscosity
relation of the system are investigated under shear flow, excellently agree with
continuum hydrodynamics solution and the analytical theory of MPC. Later, the
hydrodynamic mobility coefficients of an embedded colloid close to the fluid-
fluid interface are measured, which coincide with hydrodynamic multipole ex-
pansion calculations. To validate the length and time scales of hydrodynamics in
this model, we explore the corresponding transverse velocity correlations. It is
found that the correlations for the fluid regions occupied by one phase are identi-
cal to single-phase MPC fluid. In contrast, the transverse modes at the interfacial
region can be interpreted by the superposition of both viscous components.

DY 30.6 Tue16:10 DYc
Optimal hematocrit for ATP release by red blood cell in microcirculation —
«ZHE Gou and CHAOUQI MisBAH — Laboratoire Interdisciplinaire de Physique,
Grenoble, France
ATP release by red blood cells (RBCs) acts as an important signaling molecule for
various physiological functions, such as vasodilation. When flowing in microcir-
culation, RBCs experience a cascade of branching vessels, from arterioles to cap-
illaries, and finally to venules, which affects not just flow behavior of blood but
also ATP release. In a previous study, we have proposed a model of ATP release
by RBCs through two pathways of cell membrane: pannexin 1 channel (Px1),
sensitive to shear stress, and cystic fibrosis transmembrane conductance regula-
tor (CFTR) which responds to cell deformation. As a continuation, present work
further investigates the effect of flow strength, hematocrit, and vascular diameter
by numerical simulations. We found a nontrivial spatial RBC organization and
ATP patterns due to application of shear stress on the RBC suspension. Condi-
tions for optimal ATP release per cell are identified, which depend on vessel size
and hematocrit Ht. Increasing further Ht beyond optimum enhances the total
ATP release but should degrade oxygen transport capacity, a compromise be-
tween an efficient ATP release and minimal blood dissipation. Moreover, ATP is
boosted in capillaries suggesting a vasomotor activity coordination throughout
the resistance network. Further studies of vascular network may help to explore
the whole signaling cascade of ATP.

DY 31: Invited Talk: Mehran Kardar (Boston)

Time: Tuesday 15:40-16:10

Invited Talk DY 31.1 Tuel5:40 DYb
Fixation and ancestry of competing species growing on a rugged front —
*MEHRAN KARDAR — Physics Department, MIT, Cambridge, MA 02139, USA
When competing species expand into new territory the population is dominated
by descendants of a few successful ancestors at the expansion front. Success-
ful ancestry is stochastic, but biased by fitness of the individual, as well as fa-
vorable geographic location. We consider a simple model of range expansion

DY 32: Posters DY - Statistical Physics,
Time: Tuesday 16:30-19:00

DY 32.1 Tue16:30 DYp
Jarzynski equality for conditional stochastic work — «AkirRA SONE' and S-
BASTIAN DEFFNER? — !Aliro Technologies, Inc, Boston, MA 02135, USA —
University of Maryland, Baltimore County, Baltimore, Maryland 21250, USA
We present our recent work on the fluctuation theorems of conditional stochastic
work for classical Hamiltonian dynamics. The notion of conditional stochastic
work is inspired by the one-time measurement paradigm, and built upon the
change of energy expectation value, which is conditioned on the surface of the
initial energy. This notion leads to the generalized Jarzynski equality and a modi-
fied second law of thermodynamics, whose sharper bound characterizes the adi-
abaticity of the thermodynamic process of interest.

DY 322 Tuel16:30 DYp
Anharmonic lattice dynamics in large thermodynamic ensembles with
machine-learning force fields: the breakdown of the phonon quasipartic le
picture in CsPbBr3 — «JONATHAN LAHNSTEINER and MENNO BokpAM — Uni-
versity of Twente, Enschede, Netherlands
The harmonic approximation is a very powerful method for describing phonon
dispersion relations. However, when the temperature is raised and the potential
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of competing bacteria, in which reproduction and competition only take place
at the growing front. Based on symmetry considerations we construct a pair
of nonlinear stochastic partial differential equations that describe the coevolu-
tion of the profile of the growing surface and the composition of the bacterial
species on the front. Macroscopic manifestations (phenomenology) of these
equations on growth patterns and genealogical tracks of range expansion will
be presented.

Brownian Motion and Nonlinear Dynamics

Location: DYp

energy landscape exhibits more anharmonicity, the approximation fails to cap-
ture all crystal lattice dynamics properly. Here we study, for the first time, the
phonon dispersion of a complex "Dynamic Solid” with machine-learning force
fields, by simulating the dynamic structure factor (DSF) S(q,omega) and the pro-
jected velocity autocorrelation function (PVACF) trough large-scale molecular
dynamics. These force fields have near first-principles accuracy and the linear
scaling computational cost of classical potentials. To asses the strengths and
weaknesses of the three methods we start with an analysis based on the classical
Morse potential. Hereafter, the methods are applied to the inorganic perovskite:
CsPbBr3. This perovskite serves as an archetypal example of a wider class of
novel perovskite solar-cell materials. Imaginary modes in the harmonic picture
of the CsPbBr3 structure are absent in the calculated DSF and PVACE, indicat-
ing a dynamic stabilization of the crystal. The anharmonic nature of the potential
and the presence of rattling Cs+ cations, result in the breakdown of the phonon
quasi-particle picture.

DY 32.3 Tue 16:30 DYp
Long-range correlations in musical time-series? — ¢CORENTIN NELIAS and
THEO GEISEL — MPI for Dynamics and Self-Organization, Goettingen, Ger-
many
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Musical pitch time-series seem to present long-range correlations reflected in
1/f-type power-spectral densities. The existence, nature, and shape of these cor-
relations have remained unclear as conflicting results were reported in the litera-
ture. The present work is clarifying the existing controversy by a careful analysis
of power-spectral densities on a corpus 256 compositions and improvised pieces.
Generally we do find 1/f-type spectra, but they show up on limited spectral scales
only, corresponding to time scales typically up to a few musical bars.

DY 32.4 Tue16:30 DYp

Voltage Dynamics in Power Grids — sHANNES VOGEL — Stockholm Univer-
sity, Stockholm, Sweden
Understanding the stability of voltage dynamics in power grids is essential to
the development of decentralized power networks for renewable energy sources.
Current voltage dynamics models are motivated by physics and control theory.
We formulate the power grid dynamics in terms of complex voltages, which com-
bine the dynamics of rotor angle, frequency and voltage amplitude. To get a
better overview of the properties of different models and to find criteria for clas-
sification, a common general formulation is needed.

Indeed, such a formulation is obtained by writing the differential equations
in a complex power series. Therefore, the mathematical structure of the Stuart-
Landau equation functions as a prototype.

DY 32,5 Tue16:30 DYp
Satellite instability in Passively Mode-Locked Integrated External-Cavity
Surface Emitting Lasers — CHRISTIAN SCHELTEI’Z, «DENIS HESSELZ, JULIEN
Javaroves', and SVETLANA GUREVICH>® — 'Departament de Fisica, Universi-
tat de les Illes Balears & Institute of Applied Computing and Community Code
(IAC-3), Cra. de Valldemossa, km 7.5, E-07122 Palma de Mallorca, Spain —
2Institute for Theoretical Physics, University of Miinster, Wilhelm-Klemm-Str.
9, D-48149 Miinster, Germany — 3Center for Nonlinear Science (CeNo$), Uni-
versity of Miinster, Corrensstrasse 2, D-48149 Miinster, Germany
We are interested in a pulse instability appearing in passively modelocked inte-
grated external-cavity surface-emitting lasers (MIXSELs) modelled by delayed
algebraic differential equations (DADEs). The micro-cavity geometry induces
third order dispersion (TOD) that can lead to a train of satellites on the leading
edge of a pulse. We show that those can become unstable due to carrier interac-
tion. The resulting limit cycle is born in a global bifurcation of the saddle-node
infinite period (SNIPER) type and exhibits behavior characteristic of excitable
systems.

DY 32.6 Tue16:30 DYp

Spectral theory of fluctuations in time-average statistical mechanics of re-
versible and driven systems — ¢ ALESSIO LAPOLLA, DAVID HARTICH, and ALJAZ
GopEc — Mathematical BioPhysics group, Max Plack Institute for Biophysical
Chemistry, Goettingen, Germany
Time-averaged observables are one of the building blocks for the analysis of
both theoretical and experimental systems. We present a spectral-theoretic ap-
proach to derive exact results for the mean, fluctuations, and correlations of time-
average observables for ergodic stochastic processes, with continuous or discrete
dynamics and with reversible or irreversible dynamics. The emergence of the
universal central limit law is shown explicitly on large- deviation timescales. Our
results are directly applicable to a diverse range of phenomena underpinned by
time-average observables and additive functionals in physical, chemical, biolog-
ical, and economical systems.

[1] Alessio Lapolla, David Hartich, and Aljaz Godec Phys. Rev. Research 2,
043084 (2020)

DY 32.7 Tue16:30 DYp
Near and far field of coupled microresonators — «JuLIA UNTERHINNINGHOFEN
and Lasse Rosskamp — Hochschule Koblenz, Konradd-Zuse-Str. 1, 56075
Koblenz
Wavelength-scale microresonators have various applications as sensors, in non-
linear optics, as filters and micro-laser cavities. Multiple interference effects can
be seen in microresonator ensembles, both concerning the far (change in far
field emission directions, directional emission [1]) and the near field (formation
of new cavity modes [2,3]). We compare microresonator arrays of different ge-
ometries and their far field emission properties both in a wave and a ray model
as well as the near field of strongly coupled ensembles. The effects of surface
roughness on the near and far fields is also investigated.

[1] J. Kreismann et al., Superdirectional light emission and emission reversal
from microcavity arrays, Phys. Rev. Research 1 (2019) [2] J. Unterhinninghofen
et al., Interplay of Goos-Hénchen shift and boundary curvature in deformed mi-
crodisks, Phys. Rev. E 82 (2010) [3] J.-W. Ryu et al., Abnormal high-Q modes of
coupled stadium-shaped microcavities, Opt. Lett. 39 (2014)

DY 32.8 Tue16:30 DYp
Critical exponent v of the Ising model in three dimensions with long-range
correlated site disorder analyzed with Monte Carlo techniques — «STANISLAV
Kazmin'? and WoLFHARD JANKE> — ' Max Planck Institute for Mathematics in
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the Sciences, Leipzig, Germany — > Universitiit Leipzig, Institute for Theoretical
Physics, Leipzig, Germany

We study the critical behavior of the Ising model in three dimensions on a lattice
with site disorder by using Monte Carlo simulations [1]. The disorder is either
uncorrelated or long-range correlated with correlation function that decays ac-
cording to a power law r®. We derive the critical exponent of the correlation
length v and the confluent correction exponent w in dependence of a by com-
bining different concentrations of defects 0.05 < p; < 0.4 into one global fit
ansatz and applying finite-size scaling techniques. We simulate and study a wide
range of different correlation exponents 1.5 < a < 3.5 as well as the uncorrelated
case a = 0o and are able to provide a comprehensive picture not yet known from
previous works. Additionally, we perform a dedicated analysis of our long-range
correlated disorder ensembles and provide estimates for the critical temperatures
of the system in dependence of the correlation exponent a and the concentrations
of defects p;. We compare our results to known results from other works and
to the conjecture of Weinrib and Halperin: v = 2/a and discuss the occurring
deviations.
[1] S. Kazmin and W. Janke, Phys. Rev. B 102, 174206 (2020)

DY 329 Tuel6:30 DYp
Haldane Insulator in the 1D Nearest-Neighbor Extended Bose-Hubbard
Model with Cavity-Mediated Long-Range Interactions — ¢JOHANNES SICKS
and HeIko RIEGER — Theoretical Physics, Saarland University, Campus E2.6,
66123 Saarbriicken, Germany
In the one-dimensional Bose-Hubbard model with on-site and nearest neighbor
interactions, a gapped phase characterized by an exotic non-local order parame-
ter emerges, the Haldane insulator. Bose- Hubbard models with cavity-mediated
global range interactions display phase diagrams, which are very similar to those
with nearest neighbor repulsive interactions, but the Haldane phase remains
elusive there. Here we study the one-dimensional Bose-Hubbard model with
nearest-neighbor and cavity-mediated global- range interactions and scrutinize
the existence of a Haldane Insulator phase. With the help of extensive quan-
tum Monte-Carlo simulations we find that in the Bose-Hubbard model with only
cavity-mediated global-range interactions no Haldane phase exists. For a com-
bination of both interactions, the Haldane Insulator phase shrinks rapidly with
increasing strength of the cavity-mediated global-range interactions. Thus, in
spite of the otherwise very similar behavior the mean-field like cavity-mediated
interactions strongly suppress the non-local order favored by nearest neighbor
repulsion in some regions of the phase diagram.

DY 32.10 Tue16:30 DYp
Depinning of confined colloidal dispersions under oscillatory shear —
eMARCEL HULSBERG and SABINE H.L. KLapp — ITP, Technische Universitit
Berlin, Germany
Strongly confined colloidal dispersions under shear exhibit a variety of dynami-
cal phenomena, including a depinning transition similar to single particles that
are driven over a periodic substrate potential [1]. Here, we investigate the depin-
ning behavior of these systems under pure oscillatory shearing with shear rate
p(t) = pycos(wt), as it is a common scenario in rheological experiments [2].
The colloid’s depinning behavior is assessed from a microscopic level based on
particle trajectories, which are obtained from overdamped Brownian Dynam-
ics simulations. The numerical approach is complemented by an analytic one
based on a single-particle model in the limit of weak driving. We determine
the frequency-dependent critical shear rate amplitude y; .,;;(w), which marks
the onset of the depinning transition. Furthermore, we identify the dominant
system-intrinsic time scale that dictates the scaling behavior of y, .,;; with driv-
ing frequency w. Finally, we discuss potential consequences of the depinning
behavior on the system’s rheological properties [2].
[1] S. Gerloft and S.H.L. Klapp, Phys. Rev. E 94(6), 062605 (2016)
[2] J.M. Brader, et al., Phys. Rev. E 82(6), 061401 (2010)

DY 32.11 Tue 16:30 DYp
Subharmonic oscillations in stochastic systems under periodic driving —
oLUKAS OBERREITERI, ANDRE CARDOSO BARATOZ, and Upo SerrerT! — 1.
Institut fir Theoretische Physik, Universitat Stuttgart, 70550 Stuttgart, Germany
— 2Department of Physics, University of Houston, Houston, Texas 77204, USA
We investigate the conditions under which subharmonic oscillations can per-
sist for a long time in open systems with stochastic dynamics due to thermal
fluctuations. In contrast to stochastic autonomous systems in a stationary state,
for which the number of coherent oscillations is fundamentally bounded by the
number of states in the underlying network [1], we demonstrate that in periodi-
cally driven systems, subharmonic oscillations can in principle remain coherent
forever, even in networks with a small number of states [2]. By interpreting our
finite state model as a single subharmonically oscillating spin, we construct an
interacting spin system [3]. The mean-field model displays the phenomenon of
subharmonic synchronization, which corresponds to collective subharmonic os-
cillations of the individual units. The 2D model does not display synchronization
but it does show a time-crystalline phase, which is characterized by a power-law
behavior of the number of coherent subharmonic oscillations with system size.
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[1] A. C. Barato and U. Seifert Phys. Rev. E 95, 062409, (2017)
[2] L. Oberreiter, U. Seifert, and A. C. Barato Phys. Rev. E 100, 012135, (2019)
[3] L. Oberreiter, U. Seifert, and A. C. Barato Phys. Rev. Lett. 126, 020603, (2021)

DY 32.12 Tue 16:30 DYp
Propagator for a driven Brownian particle in step potentials — ¢VOLKER
WEISSMANN, MATTHIAS UHL, and Upo SEIFERT — II. Institute for Theoretical
Physics , University of Stuttgart
Although driven Brownian particles are ubiquitous in stochastic dy- namics and
often serve as paradigmatic model systems for many as- pects of stochastic ther-
modynamics, fully analytically solvable models are few and far between. In [1],
we introduce an iterative calculation scheme, similar to the method of images
in electrostatics, that enables one to obtain the propagator if the potential con-
sists of a finite number of steps. For the special case of a single potential step,
this method con- verges after one iteration, thus providing an expression for the
prop- agator in closed form. In all other cases, the iteration results in an ap-
proximation that holds for times smaller than some characteristic timescale that
depends on the number of iterations performed. This method can also be applied
to a related class of systems like Brow- nian ratchets, which do not formally con-
tain step potentials in their definition, but impose the same kind of boundary
conditions that are caused by potential steps.

[1]: Matthias Uhl et al 2021 J. Phys.

https://doi.org/10.1088/1751-8121/abc21f

A: Math. Theor. 54 065002

DY 32.13 Tue16:30 DYp
Phase separation: from colloids to biological mixtures — FILIPE C. THEWES
— Institute for Theoretical Physics, Georg- August-Universitit Gottingen, 37077
Gottingen, Germany
Understanding the dynamics of phase separation in complex mixtures remains
a profound challenge. In this work, we aim to build a bridge between the well-
studied area of phase separation in colloidal systems and its intriguing and com-
plex biological counterpart. We first introduce a model that interpolates between
the two limiting cases and investigate the phase diagram using techniques of ran-
dom matrix theory. Second, in order to understand the competing mechanisms
leading to phase separation, we perform lattice simulations within a mean-field
approximation and analyse the time evolution of the system in different regions
of the parameter space. In the colloidal limit the model reproduces known results
from the existing literature. On the biological side, our simulations provide new
insights into the competing scaling obtained by early and late time analysis in the
random interaction model. The intermediate regime shows new crossovers be-
tween condensation and demixing-dominated kinetics. Time permitting, results
will be shown from further exploration of the model with a focus on crowding
effects.

DY 32.14 Tue 16:30 DYp

The narrow escape problem in two-shell circular domains — ¢MATTHIEU
MAaNGEAT and HEIKO RIEGER — Saarland University, Saarbriicken, Germany
The stochastic motion of particles in living cells is often spatially inhomogeneous
with a higher effective diffusivity in a region close to the cell boundary due to
active transport along actin filaments [1,2]. As a first step to understand the con-
sequence of the existence of two compartments for stochastic search problems
we consider here a Brownian particle in a circular domain with different diffu-
sivities and potentials in the inner and the outer shell. We focus on the narrow
escape problem and compute the mean first passage time (MFPT) for Brownian
particles starting at some pre-defined position to find a small region on the outer
reflecting boundary (cell membrane). We find that the MFPT can be minimized
for a specific value of the width of the outer shell only if the particle is suffi-
ciently attracted in the outer shell whereas the MFPT depends monotonously
on all model parameters without attraction. A criterion on the difference of po-
tential between the two shells can be calculated analytically with respect to the
escape region size and the ratio of diffusivities. Moreover we show that the limit
of small width of the outer shell is equivalent to the surface-mediated diffusion
problem [3].

[1] K. Schwarz et al., Phys. Rev. Lett. 117, 068101 (2016).

[2] A. E. Hafner and H. Rieger, Phys. Biol. 13, 066003 (2016); Biophys. ] 114,
1420-1432 (2018).

[3] J.-E. Rupprecht et al., Phys. Rev. E 86, 041135 (2012).

DY 32.15 Tue 16:30 DYp
Clustering and emergence of collective motion in two dimensional colloidal
systems with delayed feedback — sRoBIN A. Kopp and SABINE H. L. KLapPp —
ITP, TU Berlin, Berlin, Germany
In recent years, delayed feedback in colloidal systems has become an active and
promising field of study [1,2], key topics being history dependence and the ma-
nipulation of transport properties.

Here we study the dynamics of a two-dimensional colloidal suspension, sub-
ject to time-delayed feedback. To this end we perform overdamped Brownian
dynamics simulations, where the particles interact through a Weeks-Chandler-
Andersen (WCA) potential. Furthermore, each particle is subject to a Gaussian,
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repulsive feedback potential [1], that depends on the difference of the particle
position at the current time, x(¢) and the particle position at an earlier time,
X(t - Tdelay)'

We show that the introduction of this type of delayed feedback leads to clus-
tering and the emergence of collective motion in Brownian WCA systems. De-
pending on the particle density, the cluster size and the propagation speed can
be tuned by adjusting the delay time, the strength and the range of the repulsive
feedback potential.

We also analyze the effects of time-delayed feedback on the mean-squared dis-
placement (MSD) and, thus, the diffusion of one particle, as well as the effects
on the MSD in the two-dimensional many-particle system described above.

[1] S. Tarama, S. U. Egelhaaf, and H. Léwen, Phys. Rev. E 100, 022609 (2019).
[2] R. Gernert and S. H. L. Klapp, Phys. Rev. E 92, 022132 (2015).

DY 32.16 Tue16:30 DYp
The Role of Resampling in Population Annealing — «DENIs Gessert™? and
MarTIN WEIGEL'™ — !Applied Mathematics Research Centre, Coventry Uni-
versity, Coventry, CV1 5FB, United Kingdom — ’Institut fiir Theoretische
Physik, Leipzig University, Postfach 100920, D-04009 Leipzig, Germany —
3Institut fiir Physik, Technische Universitdt Chemnitz, D-09107 Chemnitz, Ger-
many
Population Annealing (PA) is a population-based Monte Carlo algorithm that
can be used for equilibrium simulations of thermodynamic systems with a rough
free energy landscape. The algorithm has a number of parameters that can be
fine-tuned to improve performance. While there is some theoretical and nu-
merical work relating the parameters, little is known to date about the effect of
choosing specific resampling protocols.

The 2d Ising model is used as a benchmarking system for this study. At first
various resampling methods are implemented and numerically compared using
a PA implementation on GPUs. In a second part the exact solution of the Ising
model is utilized to create an artificial PA setting with effectively infinite Monte
Carlo updates at each temperature as well as an infinite population. This allows
one to look at resampling in isolation from other parameters and draw some
general conclusions about the effects of the choice of resampling scheme.

DY 32.17 Tue16:30 DYp
A Mapping between the Spin and Fermion Algebra — «FELIX MEIER, DANIEL
WALTNER, PETR BrAUN, and THOMAS GUHR — University Duisburg-Essen,
Duisburg, Germany
We derive a formalism to express the spin algebra s1(2) in a spin s represen-
tation in terms of the algebra of L fermionic operators that obey the Canonical
Anti-commutation Relations. We also give the reverse direction expressing the
fermionic operators of many-body systems as non-linear expressions in the spin
operators of a single spin. We extend here to further spin values the previous
investigations by Dobrov [].Phys.A: Math. Gen 36 L503, (2003)] who in turn
clarified on an inconsistency within a similar formalism in the works of Batista
and Ortiz [Phys. Rev. Lett. 86, 1082 (2001)]. Then we consider a system of L
fermion flavors and apply our mapping in order to express it in terms of the spin
algebra. Furthermore we investigate a possibility to simplify certain Hamiltonian
operators by means of the mapping [1].
[1] arXiv:2101.10119 (2021)

DY 32.18 Tue16:30 DYp
Percolation Properties of Spin Glasses — «LAMBERT MUNSTER and MARTIN
WEIGEL — TU Chemnitz, Institute of Physics, Chemnitz, Germany
In the Ising model there exists a direct interrelation between percolation of
Fortuin-Kasteleyn clusters and the ferromagnetic phase transition. Percolation
of Fortuin-Kasteleyn clusters in spin glasses occurs at a higher temperature than
the spin-glass transition [1,2]. Even when looking at the Fortuin-Kasteleyn per-
colation in two replicas simultaneously the percolation temperature remains
above the critical one [3].

In this work we consider Fortuin-Kasteleyn percolation also in more than two
replicas. Since the utilization of multiple replicas shifts the percolation transi-
tion to lower temperatures this can possibly provide an Ansatz to develop new
cluster algorithms for spin glasses. To adress the question of how the percolation
threshold behaves as a function of the number of replicas we perform Monte
Carlo simulations of the two-dimensional Ising spin glass.

[1] L. de Arcangelis, A. Coniglio, and F. Peruggi, Europhys. Lett. 14 515 (1991).
[2] H. Fajen, A. K. Hartmann, and A. P. Young, Phys. Rev. E 102, 012131 (2020).
[3] J. Machta, C. M. Newman, and D. L. Stein, J. Stat. Phys. 130, 113 (2008).

DY 32.19 Tue 16:30 DYp
How to control a cooperative co-infection dynamics — Apis Kuazage! and
+FAKHTEH GHANBARNEJAD > — !Sharif University of Technology, Tehran, Iran
— 2Technische Universitit Dresden, Dresden, Germany
In previous studies, it has been shown that the cooperation between pathogens in
co-infection spreading dynamics may lead to a discontinuous transition. Here,
we are investigating how interventions like quarantine or vaccination with cer-
tain rates can turn the discontinuous transitions into continuous ones while in-
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creasing the threshold. We have used symmetric coupled Susceptible-Infectious-
Recovered (SIR) equations to model the dynamics of co-infection spreading in
a well-mixed population. Then we have intervened the epidemic dynamics by
decreasing the susceptible population at a given rate, which means that the de-
creased susceptible compartment will be either quarantined or immunized at the
same rate. Firstly, we have solved the equations numerically for a wide range of
parameters and different initial conditions. We have illustrated how these inter-
ventions can change the type of the transition when the outflow rate gets large
enough. Secondly, we have also solved the equations analytically for a special
case in which the outflow rate varies with the size of the infectious compartment.
Using the exact results for this special case, we can show how the characteristics
of the fixed points change when the parameters change. Thirdly, we have ex-
plored the same dynamics on metapopulations and also agent based networks to
examine how the topology of networks affects the effectiveness of interventions
on the co-infection spread.

DY 32.20 Tue 16:30 DYp
In search for defining structural measures of real-world complex networks
— oMATE ]éZSAl, ALPAR SANDOR LAZARZ, and Zsorr losie LAZAR' —
"Department of Physics, Babes-Bolyai University, M. Kogilniceanu nr. 1,
400084, Cluj-Napoca, Romania — 2Faculty of Medicine and Health Sciences,
University of East Anglia, NR4 7TJ, Norwich, UK
Based on a large dataset containing thousands of real-world networks ranging
from genetic, protein interaction, and metabolic networks to brain, language,
ecology, and social networks we search for defining structural measures of the
different complex network domains (CND). We calculate 208 measures for all
networks and investigate the limitations and possibilities of identifying the key
graph measures of CNDs. Relevant features are identified based on their role in
classifying CNDs by machine learning algorithms. The approach presented here
managed to identify well distinguishable groups of network domains and confer
their relevant features. Instead of being universal these feature spaces turn out
to be specific to each CND and not unique, i.e., depeding on the CND several
network measures can be substituted for another. Based on: Jézsa et al. Oppor-
tunities and challenges in partitioning the graph measure space of real-world
networks. accepted for publication in Journal of Complex Networks.

DY 32.21 Tue16:30 DYp
Kauffman NK models interpolated between K=2 and K=3 — ¢JAMES SULLI-
VAN, DMITRY NERUKH, and JENS CHRISTIAN CLAUSSEN — Department of Math-
ematics, Aston University, Birmingham, UK
The NK model was introduced by Stuart Kauffman and coworkers [1] as a
model for fitness landscapes with tunable ruggedness, to understand epistasis
and pleiotropy in evolutionary biology. In the original formulation, fitness is de-
fined as a sum of fitness functions for each locus, each depending on the locus
itself and K other loci. Varying K from K = 0to K = N — 1 leads to dif-
ferent ruggedness of the landscape. In previous work we introduced a general-
ization that allows to interpolate between integer values of K by allowing K; to
assume different values for each locus. We focus on the interpolation between
the most widely studied cases of K = 2 and K = 3 and characterize the land-
scapes by study of their local minima. Here we transfer this approach to Ran-
dom Boolean Networks and investigate attractor basins and limit cycles where
the average K assumes integer and noninteger values. Relaxing the assumption
of degree-homogeneity is an important step towards more realistic boolean net-
work models, relevant to a broad range of applications in the dynamics of social
systems and in systems biology.
[1] Kauffman, S.; Levin, S., Journal of Theoretical Biology. 128, 11 (1987); Kauft-
man, S.; Weinberger, E., Journal of Theoretical Biology. 141, 211 (1989).

DY 32.22 Tue16:30 DYp
Multiple Singularities of the Equilibrium Free Energy in a One-Dimensional
Model of Soft Rods — eJuLIANE U. KLAMSER!, SUSHANT SARYAL?, TRIDIB
SapuU’, and DEEpAK DHAR — ' Gulliver UMR CNRS 7083, ESPCI Paris, Uni-
versité PSL, 75005 Paris, France — *Indian Institute of Science Research and
Education, Pashan, Pune 411008, India — >Tata Institute of Fundamental Re-
search, Mumbai 400005, India
The Landau-Peierls argument and the Perron-Frobenius theorem are frequently
used to argue against the existence of equilibrium phase transitions in one di-
mension. We present a new mechanism for the emergence of singularities in the
thermodynamic free energy even in one dimension. This mechanism is observed
in an instructive model of thin, rigid, linear rods of equal length 2¢ whose cen-
ters lie on a one-dimensional lattice, of lattice spacing a. The interaction between
rods is a soft-core interaction, having a finite energy U per overlap of rods. By
solving the model analytically, we show that the equilibrium free energy per rod
F (2, B), at inverse temperature f3, has an infinite number of singularities, as a
function of g A two-dimensional extension of this model shows an interesting
combination of two kinds of phase transitions, which we understand by an exact
solution on the Bethe lattice.

DY 32.23 Tue 16:30 DYp
Interfaces beyond the elastic approximation — ¢NIRvVANA CABALLERO and
THIERRY GIAMARCHI — Department of Quantum Matter Physics, University of
Geneva, 24 Quai Ernest-Ansermet, CH-1211 Geneva, Switzerland
The framework of disordered elastic systems is widely used to describe the
physics of very diverse systems with typical scales ranging from nanometers to
kilometers. However, this approach has the limitation that is only applicable to
univalued and smooth interfaces, thus inducing uncontrolled approximations.
Solving interface dynamics and statics in more realistic systems beyond the elas-
tic approximation is still a largely open theoretical/analytical problem. We pro-
pose to address this problem by analyzing a Ginzburg-Landau model that al-
lows us to extend the theory of disordered elastic systems. We show the con-
nection of our approach with the disordered elastic systems theory [1]. In ad-
dition, we show how through this connection it is possible to explain otherwise
not-understood experimental results in ferromagnetic interfaces [2]. [1] N. Ca-
ballero, E. Agoritsas, V. Lecomte, T. Giamarchi. PRB 102, 104204 (2020) [2]
N.Caballero. arXiv:2009.14205 (cond-mat).

DY 32.24 Tue16:30 DYp
Dynamical Casimir interactions with a body in uniform motion and the con-
nection to nonreciprocal media — «PHILIP RAUCH and MATTHIAS KRUGER —
Institute for Theoretical Physics, Georg-August-Universitit, 37077 Goéttingen,
Germany
The field of the dynamical Casimir effect opened up with the discovery of the
phenomenon of vacuum friction acting on accelerated objects in a quantum elec-
trodynamic vacuum. It was later shown that a cold body in vacuum, rotating
along it’s axis of symmetry, experiences a frictional force and spontaneously ra-
diates energy.

However, the dynamical Casimir effect is not limited to setups with accelerated
bodies. Even two parallel plates in relative lateral constant motion experience
a frictional force without being in direct contact. The described phenomenas
can be explained through the appearance of fluctuating electromagnetic fields,
of thermal and quantum nature, in the respective system.

In the context of this work, we intend to extend and generalize the configura-
tion of two parallel plates in relative motion. We study the setup of a translation-
ally invariant body in uniform motion, relative to a body of arbitrary geometry
and of reciprocal or nonreciprocal media. The goal is to compute the frictional
force between the bodies, which is of relevance for recently developed Casimir
engines [1]. As a framework we choose the Rytov formalism, complemented
with scattering theory.

[1] David Gelbwaser-Klimovsky, Noah Graham, Mehran Kardar and Matthias
Kriiger, arXiv preprint arXiv:2012.12768 (2020)

DY 33: Nationale Forschungsdateninfrastruktur (NDFI) (joint session BP/CPP/DY/SOE)

Time: Tuesday 17:45-18:30

Details will be published in a programme update.

Location: BPb

DY 34: Theorie and Simulation - organized by Jens-Uwe Sommer (Leibniz-Institut fiir
Polymerforschung Dresden, Dresden) (joint session CPP/DY)

Time: Wednesday 9:00-14:40

See CPP 17 for details of this session.

Location: CPPb
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DY 35: Complex Fluids and Soft Matter 2 - organized by Uwe Thiele (Miinster) (joint session
DY/CPP)

Time: Wednesday 9:00-10:30

DY 35.1 Wed9:00 DYa
Flow structure of marangoni-contracted sessile droplets — O. RAMIREZ!,
M.A. HACKZ, W. KWIECINSKIS, E.S. K00113, T.J. SEEGERSZ, J.H. SNOEIIERZ, and
«S. Karprrscura! — 'MPI for Dynamics and Self-Organization, Géttingen,
Germany — 2Physics of Fluids Group, University of Twente, Enschede, Nether-
lands — 3Physics of Interfaces Group, University of Twente, Enschede, Nether-
lands
A droplet of two miscible liquids should spread over a high-energy surface until
complete wetting. However, if one component is more volatile and has a higher
surface tension, a quasi-stationary non-vanishing apparent contact angle can
be observed. This is caused by the enrichment of the residual component near
the contact line and the associated surface tension gradient. A hydrodynamic-
evaporative model, using a long-wave approximation for the droplet coupled to
diffusion limited evaporation predicts a balance between Marangoni and capil-
lary flows and a power law between the apparent contact angle and the ambient
humidity [Karpitschka et al., Langmuir (2017)]. This explanation differs from a
recent model, where the low surface tension of a precursor around the droplet
is held responsible [Benusiglio et al., Soft Matter (2018)]. A discrimination be-
tween possible mechanisms requires experimental resolution of the flow in the
drop. We present uPIV measurements and relate them to the apparent shape of
the drop, for aqueous solutions of various short chain carbon diols. Depending
on the surface activity of the diol, its concentration, and the ambient humidity,
we observe different regimes, indicating that multiple mechanisms lead to the
observed angles.

DY 352 Wed9:20 DYa
Coalescence of liquid droplets in a quasi 2D liquid film — «CHR1sSTOPH KLOPP,
RALF STANNARIUS, and EREMIN ALEXEY — Institute of Physics, Otto von Guer-
icke University, Department of Nonlinear Phenomena, 39106 Magdeburg
Coalescence of droplets plays a crucial role in nature and modern technology.
Various experimental and theoretical studies explored droplet dynamics in 3D
and on 2D solid or liquid substrates [1-3].

Here, we demonstrate coalescence of isotropic droplets in thin quasi 2D lig-
uids, an overheated smectic A films. We investigated their dynamics experimen-
tally and measured the shape deformation during the whole merging process us-
ing high-speed imaging. This system is a unique example, where the lubrication
approximation can be directly applied, and the smectic membrane plays the role
of the precursor film. Our studies reveal the scaling laws of the coalescence time
depending on the droplet size and the material parameters. We also compared
our results with existing models for liquid lens coalescence on liquid and solid
surfaces.

[1]]. D. Paulsen et al., Coalescence of bubbles and drops in an outer fluid, Nat.
Commun. 5, 3182 (2014)

[2] D. G. A. L Aarts et al., Hydrodynamics of Droplet Coalescence, Phys. Rev.
Lett. 95, 164503 (2005)

[3] N. S. Shuravin et al., Coalescence of viscous two-dimensional smectic is-
lands, Phys. Rev. E 99, 062702 (2019)

Location: DYa

DY 35.3 Wed9:40 DYa
Designing Pickering Emulsions for Catalysis: Influence of Nanoscale Par-
ticle Properties on Microscale Droplets — ¢SEBASTIAN Stock!, ANNIKA
SCHLANDERI, Kar SPANHEIMERI, MARESA KEMPINZ, ARIANE WEBER3, REIN-
HARD SCHOMACKER3, ANJA DREWSZ, MARCUS GALLEI4, and REGINE VON
Kurrzing! — 'TU Darmstadt, Darmstadt, Germany — HTW Berlin, Berlin,
Germany — >TU Berlin, Berlin, Germany — *Saarland University, Saarbriicken,
Germany
Pickering Emulsions (PEs) describe emulsions stabilized by (nano) particles. The
aim of the work was to design PEs as a reaction environment for catalytic reac-
tions. As a model reaction the hydroformylation of 1-dodecene was investigated.
Due to the PEs high stability separation methods with outstanding energy effi-
ciency are applicable e. g. the separation of the oil phase by nanofiltration. Many
microscopic and macroscopic PE properties are determined in a large degree by
the nanoscale properties of the particles. In order to distinguish the impact of
particle surface charge both positively and negatively charged silica spheres were
produced. This was achieved by adequate surface modification. The resulting
nanoscale particle properties concerning size, shape, charge, and hydrophobic-
ity were investigated via Transmission Electron Microscopy (TEM), {-potential
and sessile drop measurements, the effect on the microscopic emulsion proper-
ties were studied with microscopy and the PEs reaction behavior including yield
and stability was evaluated.

Invited Talk DY 354 Wed10:00 DYa
When surface viscosities rule: Bubble relaxation and thin film wrinkling —
*KIrRSTEN HARTH — Institut fiir Physik, Otto von Guericke Universitit Magde-
burg, Universitétsplatz 2, 39106 Magdeburg

The dynamics of liquid drops and gas bubbles in a surrounding fluid is a classic
field of fluid mechanics, studied for over a century. The mathematical problem
can be complex already for the case of clean fluid-fluid interfaces, characterized
solely by a constant surface tension. However, applications such as ink-jet print-
ing, emulsion characterization or typical biologically inspired systems usually
deal with more complex interfacial properties, e.g., adsorbed fluid or contami-
nant films. Those can completely dominate the overall shape dynamics.

Merged centimeter-sized soap bubbles or rupturing micrometer-thick soap
films are a simple yet ideal model system for surface-tension based relaxation.
Replacing the soap film by a more complex membrane, nanometer-thin liquid
crystalline films in our case, introduces qualitatively new effects due to reorga-
nization of the membrane upon surface area reduction. The talk highlights two
aspects: First, the consequences of an effective interfacial viscosity for the relax-
ation dynamics, known also from interfacial fluid films or adsorbed surfactant
layers. Second, out-of-plane bulging and dynamic wrinkling of the interfacial
membrane in response to external stress. Experiments will be accompanied by a
theoretical / numerical analysis.

DY 36: Active Matter 3 - organized by Carsten Beta (Potsdam), Andreas Menzel (Magdeburg) and
Holger Stark (Berlin) (joint session DY/BP)

Time: Wednesday 9:00-10:40

DY 36.1 Wed9:00 DYb
Localized States in active Phase-Field-Crystal models — «Max PHILIPP
HOLLI, Lukas OPHAUSI’Z, SVETLANA GUREVICHI’Z, and Uwg THisLE"?
Unstitut fiir Theoretische Physik, Miinster, Germany — 2Center for Nonlinear
Science, Miinster, Germany
The phase-field-crystal (PFC) model represents a gradient dynamics of a sin-
gle order parameter field related to density and is able to describe crystallisation
processes. The model describes a variety of spatially extended periodic and local-
ized steady structures. In an active PFC model, encoding for instance the active
motion of self-propelled colloidal particles, the PFC model’s gradient dynam-
ics structure is broken by a nonreciprocal coupling of density and an additional
polarization field. Then, resting and traveling localized states exist with transi-
tions characterized by parity-breaking drift bifurcations. We briefly review the
snaking behavior of localized states in passive and active PFC models before dis-
cussing the bifurcation behaviour of localized states in systems of (i) two passive
PFC with nonreciprocal coupling and (ii) coupled passive and active PFCs.
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Location: DYb

DY 36.2 Wed9:20 DYb
Cooling by Heating in Inertial Active Brownian Particles — «Lukas HECHT
and BENNO LIEBCHEN — Institut fiir Physik kondensierter Materie, Technische
Universitit Darmstadt, Hochschulstrale 8, D-64289 Darmstadt, Germany
The active Brownian particle (ABP) model is commonly used to model active
matter consisting of particles which extract energy from their environment to
generate directed motion. For both overdamped and inertial ABPs, motility-
induced phase separation occurs in a certain parameter regime. Remarkably,
inertial ABPs show a coexistence of different effective temperatures of the dilute
and the dense phase whereas overdamped ABPs have a uniform effective tem-
perature even in the phase-separated state [1].

The coexistence of different temperatures brings us to the cooling-by-heating
idea: Increasing the self-propulsion speed locally could lead to a locally de-
creased temperature. We investigate the cooling-by-heating idea with numer-
ical simulations of ABPs with translational and rotational inertia. Since a locally
increased self-propulsion speed causes a decrease of the local particle density,
detailed knowledge about the phase diagram is essential to determine appropri-
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ate parameters for which cooling by heating is possible. Therefore, we analyze
the phase transition behavior of inertial ABPs and the corresponding phase dia-
gram.

[1] S. Mandal, B. Liebchen, and H. Lowen, “Motility-Induced Temperature Dif-
ference in Coexisting Phases”, Phys. Rev. Lett. 123, 228001 (2019).

DY 36.3 Wed 9:40 DYb
Active dynamics of microalgae in an anisotropic porous environment —
*FLORIAN VON RULING and ALEXEY EREMIN — Otto von Guericke University
Magdeburg
Understanding the motion of active colloids in porous media is essential for fun-
damental physics and a wide range of biological and medical applications. Cell
growth and motion is often restricted by complex environments such as the cy-
toskeleton. Here, we report experimental studies on the motion of the unicellular
microalgae Chlamydomonas reinhardtii through a flexible anisotropic lattice of
chains formed by magnetic particles. In a thin cell or capillary, the microalgae in-
teract with chain-like aggregates that form in a magnetic field. Shape-anisotropic
structures guide the swimmers or initiate tumbling. They affect the persistence
time of the microswimmer’s motion. As the chains of magnetic particles disin-
tegrate quickly after turning off the magnetic field, the system transforms into
an unperturbed state. We investigate the effect of the chains on the orientational
velocity correlations in the active dynamics of the algae.

DY 364 Wed 10:00 DYb
Effective Langevin equations for a polar tracer in an active bath — «MiLos
Kn~EzEVIC and HOLGER STARK — Institut fiir Theoretische Physik, Technische
Universitit Berlin, Hardenbergstrale 36, D-10623 Berlin, Germany
We study the motion of a polar tracer, having a concave surface, immersed in a
two-dimensional suspension of active particles. Using Brownian dynamics sim-
ulations, we measure the distributions and auto-correlation functions of force
and torque exerted by active particles on the tracer.The tracer experiences a finite
average force along its polar axis, while all the correlation functions show expo-

nential decay in time. Using these insights we construct the full coarse-grained
Langevin description for tracer position and orientation, where the active parti-
cles are subsumed into an effective self-propulsion force and exponentially cor-
related noise for both translations and rotations. The ensuing mesoscopic dy-
namics can be described in terms of five dimensionless parameters. We perform
a thorough parameter study of the mean squared displacement, which illustrates
how the different parameters influence the tracer dynamics, which crosses over
from a ballistic to diffusive motion. We also demonstrate that the distribution
of tracer displacements evolves from a non-Gaussian shape at early stages to a
Gaussian behavior for sufficiently long times. Finally, for a given set of micro-
scopic parameters, we establish a procedure to estimate the matching parameters
of our effective model, and show that the resulting dynamics is in a very good
quantitative agreement with the one obtained in Brownian dynamics simula-
tions.

DY 36.5 Wed 10:20 DYb
Collective behaviour of self-propelled elliptical particles — ¢ASHREYA Ja-
YARAM, ANDREAS FISCHER, and THOMAS SPECK — Institute of Physics, Johannes
Gutenberg University Mainz, Staudingerweg 7-9, 55128 Mainz, Germany
Ensembles of anisotropic self-propelled particles exhibit a rich variety of emer-
gent phases. A combination of short-ranged excluded volume interactions,
which induce inter-particle forces and torques, and self-propulsion determines
the resulting macroscopic structure. Starting from a point in parameter-space
which displays motility-induced phase separation (MIPS) for isotropic particles,
we systematically increase the aspect ratio of the constituent ellipses. On do-
ing so, first, MIPS breaks down paving way to a spatially homogeneous state
comprising polar domains. Secondly, at sufficiently large aspect ratios, particles
aggregate into polar bands. We rationalize these observations from simulations
by extracting two effective parameters, viz., the force imbalance coefficient and
the coupling to the local polarization, that enter the mean-field description of
the system.

DY 37: Invited Talk: Ludovic Berthier (Montpellier)

Time: Wednesday 9:00-9:30

Invited Talk DY 37.1 Wed9:00 DYc
Physical properties of ultrastable computer-generated glasses — <LubpovIC
BERTHIER — Laboratoire Charles Coulomb, University of Montpellier and
CNRS

Computer simulations give unique insights into the microscopic behavior of

Location: DYc

amorphous materials. It became recently possible to generate ultrastable glass
configurations using a simple Monte Carlo algorithm for a broad variety of
model glass-formers. In this talk, I will show that this discovery has allowed a
deeper understanding of the rheological, thermodynamic and dynamic aspects
of glasses and supercooled liquids.

DY 38: Partial Synchronization in Networks (Focus Session joint with DY and BP) (joint session
SOE/DY)

Time: Wednesday 9:00-10:00

See SOE 8 for details of this session.

Location: SOEa

DY 39: Glasses and Glass Transition 1 - organized by Andreas Heuer (Miinster) (joint session
DY/CPP)

Time: Wednesday 9:30-10:30

DY 39.1 Wed 9:30 DYc
Molecular dynamics study of 1,4-polybutadiene supported films — «FEDIR
DEMYDIUKI, HENDRIK MEYERl, JOERG BASCHNAGELI, MATHIEU SOLARI, and
WorrGaNG Paur? — 'Institute Charles Sadron, University of Strasbourg,
UPR22 CNRS 67034 Strasbourg, France — ZInstitut fiir Physik, University of
Halle, 06120 Halle (Saale), Germany
Our work is dedicated to studying the influence of realistic intrachain constraints
imposed due to the presence of torsional barriers on the glass transition in thin
polymer films of supported geometry by means of classical molecular dynamics
simulations. In order to do so, we use the well-established united-atom model
of 1,4-polybutadiene, that has been developed by W. Paul and coworkers (G. D.
Smith and W. Paul, J. Phys. Chem. A, 102, 1200 (1998)) and studied in confined
systems (M. Solar, K. Binder and W. Paul, J. Chem. Phys, 146, 203308 (2017)). In
our case, the model had to be adapted for usage in systems with free surface.
Focusing on dynamics of united atoms and shear-stress relaxation, we first
discuss our results for bulk polybutadiene and then present first extensions of
bulk simulations to supported films. First analysis of the supported films shows
that dynamics is enhanced at the free surface and slowed down at the substrate.
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Location: DYc

DY 39.2 Wed9:50 DYc
Glassy dynamics, glass transition and electrical conductivity of Guanidinium
based ILCs: Influence of the cation headgroup configuration — «MOHAMED
A KOLMANGADI, ARDA YILDIRIM, and ANDREAS SCHONHALS — Bundesantalt
fiir Materialforschung und -priifung (BAM), Berlin, Germany
Molecular mobility and conductivity of four bent shaped tetramethylated guani-
dinium based ionic liquid crystals (ILCs) with varying head group configura-
tion (cyclic or acyclic) and alkyl chain length is investigated by a combination of
broadband dielectric spectroscopy (BDS) and specific heat spectroscopy (SHS).
BDS investigation reveals two relaxation processes: a localized y process and
al process corresponding to the glassy dynamics. SHS investigations show one
calorimetrically active a2 relaxation process also corresponding to the glassy dy-
namics of the system. The temperature dependencies of the relaxation rates of
two different glassy dynamics are similar for the cyclic ILC while for the acyclic
counterpart they are different. Possible molecular assignments for the a1 and a2
relaxation are discussed in detail. Alongside relaxation processes, a significant
conductivity contribution was observed for all ILCs, where the absolute value
of DC conductivity increases by 4 orders of magnitude at the transition from
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the crystalline to the hexagonal columnar phase. The increase is traced to the
change in the underlying conduction mechanism from the delocalized electrical
conduction in the Cry phase to ionic conduction in the quasi 1D ion columns
formed in the hexagonal columnar mesophase.

DY 39.3 Wed 10:10 DYc
A new approach to probe the plastic rearrangements inside a shear band. —
eMoumita Marti and ANDREAS HEUER — University of Miinster, Miinster, Ger-
many
We follow a single particle trajectory of a system subjected to a uniform shear
by calculating it’s instantaneous displacement with time. There are intermittent
hops in the trajectory, which are treated as plastic events, and the particles which

have performed hops, are called active. In the steady state, the number of events
per particle of the whole system increases initially by increasing system size, and
by further increment the number almost saturates. The onset of saturation is
the onset of shear banding. Interestingly, above the onset, we observe a system
size scaling in the number of plastic events only inside the shear band. The scal-
ing is explained from the intervals between two consecutive hops of a particle,
which decreases on an average with increasing size. We further show that there
is a stronger coupling between active particles with increasing system size which
helps to understand the smaller value of the intervals, so our approach captures
the collective nature of plastic events. Additionally, we observe a system span-
ning avalanches for these sizes which exhibit shear banding, and the distribution
of avalanche sizes have a different exponent from the mean field theory.

DY 40: Complex Fluids and Soft Matter 3 - organized by Uwe Thiele (Miinster) (joint session
DY/CPP)

Time: Wednesday 11:00-13:00

DY 40.1 Wed11:00 DYa
Thermally driven material transport in thin freestanding films — *TORSTEN
TRITTEL, KIRSTEN HARTH, CHRISTOPH KLOPP, and RALF STANNARIUS — Otto-
von-Guericke Universitit, 39106 Magdeburg, Germany
In addition to their important role in display applications, liquid crystals are at-
tractive in the field of fundamental physics. Smectics can form thin free-standing
films with aspect ratios exceeding one million to one (width/thickness). These
homogeneously thin films serve as an ideal model system for the study of two-
dimensional hydrodynamics. We investigate thermally driven material transport
within the film plane under microgravity conditions. Temperature differences in
the film lead to thermocapillary (Marangoni) flow. In materials with a normal
(negative) temperature coeflicient of the surface tension do/dT < 0, tempera-
ture inhomogeneities lead to material transport from the warm to the cold film
edge. In materials with do/dT > 0, flow is reversed. We present a quantitative
model, which predicts that the temperature difference between the hot and cold
film edge is the relevant parameter, not the gradient as in conventional thermo-
convection.

DY 40.2 Wed 11:20 DYa

Phase Field Crystal Model of patchy colloids in two dimensions — *ROBERT
F. B. WEIGEL and MICHAEL SCHMIEDEBERG — Friedrich-Alexander-Universitét
Erlangen-Niirnberg, Erlangen, Germany
Motivated by our recent simulation studies of quasicrystals that occur in systems
of patchy colloids [1,2], we develop a Phase Field Crystal Model for such parti-
cles. We consider two-dimensional patchy colloids with symmetrically placed
attractive sites on their surface, such that they interact with preferred binding
angles. We construct a free energy functional that is similar to the free energy
used for liquid crystals [3], but obeys the symmetry of the patchy colloids. The
functional depends on both a density field and an orientation field. Free nu-
merical minimization of the free energy yields a rich phase behavior of complex
structures.

[1] Gemeinhardt et al., Eur. Phys. J. E 41, 126 (2018).

[2] Gemeinhardt et al., EPL 126, 38001 (2019).

[3] Achim et al., Phys. Rev. E 83, 061712 (2011).

DY 40.3 Wed 11:40 DYa
Orientational order parameters for arbitrary classical and quantum lig-
uid crystals — «MICHAEL TE VRUGT and RAPHAEL WITTKOWSKI — Institut
fiir Theoretische Physik, Center for Soft Nanoscience, Westfalische Wilhelms-
Universitit Miinster, D-48149, Miinster, Germany
The orientational order of liquid crystals is measured using orientational order
parameters such as the polarization vector and the nematic tensor. These are
obtained from an angular or Cartesian multipole expansion of the one-body dis-
tribution function of the liquid crystal. In recent years, there has been an increase
of interest in particles with general shapes, as well as in so-called “quantum liq-
uid crystals” which are relevant, e.g., in superconductors. However, the stan-
dard methods for defining order parameters are not applicable to biaxial parti-
cles or quantum systems. In this talk, we discuss how the orientational expansion
method can be generalized to particles with arbitrary shape [1] and to quantum
soft matter [2]. This provides a unified framework for general classical and quan-
tum liquid crystals.
[1] M. te Vrugt and R. Wittkowski, AIP Advances 10, 035106 (2020)
[2] M. te Vrugt and R. Wittkowski, Annalen der Physik 532, 2000266 (2020)
*Funded by the Deutsche Forschungsgemeinschaft (DFG) - WI 4170/3-1

DY 40.4 Wed 12:00 DYa
Analytical classical density functionals from an equation learning network —
«SHANGCHUN LINl, GEORG MARTIUSZ, and MARTIN OETTEL' — !Institut fiir
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Angewandte Physik, Universitit Tiibingen, Tiibingen, Germany — 2Max Planck
Institute for Intelligent Systems, Tiibingen, Germany

We explore the feasibility of using machine learning methods to obtain an ana-
lytic form of the classical free energy functional for two model fluids, hard rods
and Lennard Jones, in one dimension. The Equation Learning Network pro-
posed in Ref.[1] is suitably modified to construct free energy densities which are
functions of a set of weighted densities and which are built from a small number
of basis functions with flexible combination rules. This setup considerably en-
larges the functional space used in machine learning optimization. As a result in
Ref [2], we find a good approximation for the exact hard rod functional. For the
Lennard Jones fluid, we let the network learn the full excess free energy func-
tional and the excess free energy functional related to interparticle attractions.
Both functionals show a good agreement with simulated density profiles inside
and outside the training region.

[1]G. Martius and C. H. Lampert, arXiv:1610.02995 (2016).

[2]S.-C. Lin, G. Martius and M. Oettel, JCP 152.2 (2020): 021102.

DY 40.5 Wed 12:20 DYa
Particle-resolved topological defects of smectic colloidal liquid crystals in
extreme confinement — RENE WiTTMANN', Louts CORTES®, HARTMUT
LoweN', and Dirk AarTs® — 'Institut fiir Theoretische Physik II: Weiche
Materie, Heinrich-Heine-Universitit Diisseldorf, Germany — “Department of
Chemistry, University of Oxford, UK
Hard particles are a standard model for colloidal systems and can be effectively
studied within classical density functional theory (DFT). Fundamental mixed
measure theory (FMMT) allows to predict the phase behavior of a hard-body
fluid solely from the shape of individual particles. Recent experimental advances
allow for the synthesis of colloids with a nearly hard interaction that can be an-
alyzed on the single-particle level. Slices of such silica rods confined in a three-
dimensional chamber under gravity can be considered a quasi-two-dimensional
fluid that exhibits typical liquid-crystal behavior in confinement.

Applying FMMT to hard discorectangles in two dimensions, we study a smec-
tic fluid in extreme complex confinement, where the optimal bulk layer spacing
competes with the extrinsic geometric and topological constraints. As a result,
we characterize a variety of topologically different states in an annular geometry,
also observed in particle-resolved experiments with silica rods. By further com-
paring the free energy of the different states, naturally provided by our DFT, we
map out a topological phase diagram, indicating the stable topology depending
on the details of the annular geometry.

Publication: R. Wittmann et al., Nat Commun 12, 623 (2021).

DY 40.6 Wed 12:40 DYa
Full phase diagram of continuous-time self-propelled particle models with
alignment interaction — «YINONG ZHAO! , PAWEL ROMANCZUK" ,and CRISTIAN
Huepe® — !Institute of Theoretical Biology, Department of Biology, Humboldt
Universitit zu Berlin — 2CHuepe Labs, 2713 West Haddon Ave #1, Chicago, IL
60622, USA — *Northwestern Institute on Complex Systems and ESAM, North-
western University, Evanston, IL 60208, USA
Self-propelled particle (SPP) models are widely used for exploring emergence
of collective motion in nature. Despite the significant advances over the past
decades in understanding self-organized active matter, many questions remain
open about the general phase space of Vicsek-like alignment models and the
regions of validity of corresponding analytical theories. We investigate a set of
different continuous-time SPP-models with alignment interactions. We find that
all these models share qualitatively the same phase diagram. Focusing on one of
them, we identify three homogeneous states with long-range orientational or-
der, that can be distinguished using statistical approaches. We tested the predic-
tions of the Toner-Tu theory on these states and show that they do not hold
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for all three of them. Furthermore, we also phenomenologically explore the
role of positional repulsion on the emergent spatial structure. Our study pro-

vides a broad, over-arching perspective on continuous-time alignment-based
SPP model.

DY 41: Active Matter 4 - organized by Carsten Beta (Potsdam), Andreas Menzel (Magdeburg) and
Holger Stark (Berlin) (joint session DY/BP)

Time: Wednesday 11:00-13:00

DY 41.1 Wed 11:00 DYb
Wrinkling instability in 3D active nematics — TOBIAS STRUEBING, AMIR
KHOSRAVANIZADEH, ANDREJ VILFAN, EBERHARD BODENSCHATZ, RAMIN
GOLESTANIAN, and «IsSABELLA GUIDO — Max Planck Institute for Dynamics and
Self-Organization, Goettigen, Germany
Networks of biopolymers and motor proteins are useful model systems for the
understanding of emergent behaviour of active matter. An interesting class of
such systems comprises active nematics, fluids constituted by self-organising
elongated particles that in-vitro assemble in dynamical structures at length scales
larger than those of their components by several orders of magnitude. In the last
years the active nematic behaviour of biopolymer-motor networks confined on
a 2D substrate was reported. Here we present an experimental and theoretical
study on 3D active nematics made of microtubules, kinesin-1 motor proteins and
a depleting agent. The network is subjected to the force exerted by the motors
that crosslinked the filaments and let them slide against each other. In this way
the system evolves toward a flattened and contracted 2D sheet that undergoes
a wrinkling instability in the third dimension and subsequently transitions into
an active turbulent state. We observe that the wrinkle wavelength is indepen-
dent of the ATP concentration. A theoretical model describes its relation with
the appearance time and a numerical simulation confirms the key role of kinesin
motors in the contraction and extension of the network. Finally, we show how
motor concentration and environmental cues influence the network properties

DY 41.2 Wed 11:20 DYb
A minimal model for dynamical symmetry breaking in active matter —
MATTHEW DAVISON and «PATRICK PIETZONKA — Department of Applied Math-
ematics and Theoretical Physics, University of Cambridge, UK
It is well known that asymmetrically shaped passive particles immersed in active
matter move in a persistent direction. Recent work provides a thermodynamic
framework and design principles for engines exploiting this mechanism [1]. We
build on these results and reveal that symmetric passive particles in contact with
active matter perform such a persistent motion as well. Its direction is deter-
mined through spontaneous symmetry breaking and remains fixed in time in
the limit of a large number of active particles. We present an analytically solv-
able one-dimensional model for a single passive particle interacting with many
active particles, which provides a physical understanding of these effects.
[1] P. Pietzonka et al., Phys Rev. X 9, 041032 (2019)

DY 41.3 Wed 11:40 DYb

Boundary-interior principle for microbial navigation in complex geometries
— eJAN CAMMANNI'Z, FABIAN JAN SCHWARZENDAHL2’3, TaNYA OSTAPENKOZ,
DANYLO LAVRENTOVICH?, OLIVER BiuMcHEN®?, and Marco G. Mazza'?
— 'Loughborough University, UK — *Max Planck Institute for Dynamics and
Self-Organization, Géttingen, Germany — >Heinrich-Heine-Universitit, Diis-
seldorf, Germany — *University of Bayreuth, Germany
Microswimmers have attracted considerable interest due to the biological and
ecological implications of understanding the mechanisms governing their dy-
namics. The motion of a motile cell appears erratic, and yet the combination of
nonequilibrium forces and surfaces can produce striking examples of organiza-
tion in microbial systems. While our current understanding is based on bulk sys-
tems or idealized geometries, it remains elusive how self-organization emerges
in complex geometries. In this talk I will describe experiments, analytical and
numerical calculations [1] to study the motion of motile cells in complex geome-
tries, and demonstrate that a robust topology of probability flux loops organizes
active motion even at the level of a single cell in an isolated habitat. Accounting
for the interplay of activity and interfacial forces, we find that the boundary’s
curvature determines the nonequilibrium probability fluxes. We predict a uni-
versal relation between fluxes and global geometric properties that is confirmed
by experiments.

[1] J. Cammann, et al. "Boundary-interior principle for microbial navigation
in geometric confinement.” arXiv:2011.02811 (2020).
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DY 414 Wed12:00 DYb
The role of inertia in active nematic turbulence — «CoLIN-MARIUS KocH
and MICHAEL WILCZEK — Max Planck Institute for Dynamics and Self-
Organization, Géttingen, Germany
Suspensions of active agents with nematic interactions can exhibit complex
spatio-temporal dynamics such as mesoscale turbulence. Continuum descrip-
tions for such systems are inspired by the hydrodynamic theory of liquid crys-
tals and introduce additional effects of active stresses. The resulting equations
feature an advective nonlinearity which represents inertial effects. The typically
low Reynolds number of such active flows raises the question of the importance
of the inertial effects. To address this question, we investigate mesoscale turbu-
lence in a two-dimensional dense suspension of active nematic liquid crystals.
‘We compare numerical simulations with and without nonlinear advection of the
flow field. We find that for sufficiently high activity, the simulations including
nonlinear advection exhibit large-scale motion which is not observed when ex-
cluding advection. Performing a spectral analysis of the energy budget, we iden-
tify an inverse energy transfer to the largest scales highlighting the importance
of inertial effects in this model. We additionally show that surface friction, mim-
icked by a linear friction term, dissipates the transported energy and suppresses
the large-scale motion.

DY 41.5 Wed 12:20 DYb
Rheotaxis of active droplets in confinements — «RANABIR DEYI’Z, CAROLA
M. Buness!? , BABAK VAjDI HOKMABADI, CHENYU IIN1’4, and CoriNNA C.
Maass"*® — Max Planck Institute for Dynamics and Self-Organization, Ger-
many — %Indian Institute of Technology Hyderabad, India — 3Georg August
Universitat Goettingen — *University of Bayreuth, Germany — >University of
Twente, the Netherlands
Biological microswimmers commonly navigate confined spaces having liquid
flows, e.g. locomotions of spermatozoa through the reproductive tract and bac-
teria in the gut. The directed motion of the microorganisms in response to the
external velocity gradients is classically referred to as ‘rheotaxis’ Over the last few
years, rigorous efforts have been made to understand the rheotaxis of microor-
ganims, specifically bacteria. In contrast, there is very little quantitative under-
standing of rheotaxis of artificial microswimmers. It must be noted that artifi-
cial microswimmers, e.g. those designed for cargo delivery, are often required to
navigate confinements having external flows. Here, we elucidate the swimming
dynamics of a common type of artificial microswimmer, i.e. active droplets, in
micro-confinements having Poiseuille flow. We experimentally quantify the the
swimming characteristics of these droplet microswimmers in response to veloc-
ity gradients of varying strength. We also try to understand the observed rheo-
taxis in confinements by considering the long range hydrodynamic interactions
with the confining walls.

DY 41.6 Wed 12:40 DYb
Collective search strategies — s ADAM Wysocki and HEIko RIEGER — Depart-
ment of Theoretical Physics and Center for Biophysics, Universitét des Saarlan-
des, Saarbriicken, Germany
How long does it take to find N targets by M searchers? This question arises,
for example, if animals search for food or immune cells chase for pathogens (our
main motivation). The usual goal is to minimize the time needed to catch all tar-
gets. One obvious possibility would be to increase the number of ideal searchers
another to search collectively by utilizing communication between the searchers.
It is known, that cells of the immune system talk to and influence one another by
secreting small proteins that bind to and activate each other. For instance, T cells
(a type of lymphocyte) are chemotactic, i.e. they move in response to a chemical
stimulus, however, it is unknown if chemotaxis is important in the coordination
of the search for pathogens. We use a simulation model of chemotactic active
particles together with a self-generated chemorepellent in order to test the pos-
sibility and the benefit of collective search strategies in microbiological systems.
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DY 42: Glasses and Glass Transition 2 - organized by Andreas Heuer (Miinster) (joint session
DY/CPP)

Time: Wednesday 11:00-13:00

DY 42.1 Wed11:00 DYc
Residual stress distributions and mechanical noise in athermally deformed
amorphous solids — *CELINE RUSCHERI’Z, DANIEL KORCHINSKIZ, and JOERG
RoTTLER? — 'Institut Charles Sadron, Strasbourg, France — “Department of
Physics and Astronomy and Stewart Blusson Quantum Matter Institute, Univer-
sity of British Columbia, Vancouver, Canada
Amorphous solids are yield stress materials whose flow consists of periods of
elastic loading interrupted by rapid stress drops, or avalanches, coming from mi-
croscopic rearrangements known as shear transformations (STs). From the mi-
croscopic point of view, the density of STs, or density of local residual stresses,
P(x), governs the statistical properties of global collective failure events at the
yielding transition.

Using atomistic simulations, we reveal the evolution of P(x) upon deforma-
tion. A pseudogap form P(x) ~ x? is observed in the freshly quenched state
and in the early stages of deformation. After a few percent strain, however, P(x)
starts to develop a system size dependent plateau in the small x limit. To explain
the origin of the plateau we consider a mesoscopic elastoplastic approach. Our
results show how the spatial extent of avalanches in the stationary regime has
a profound effect on the distribution of local residual stresses x. While the en-
trance into the plateau is set by the lower cutoff of the mechanical noise produced
by individual STs, the departure from the usually assumed power-law pseudogap
form comes from stress fluctuations induced by collective avalanches.

DY 422 Wed11:20 DYc
Evaluation of Local Atomic Structural Changes in CusyZr5, Cluster Assem-
bled Metallic Glasses through Molecular Dynamics Simulations — «SyaAMAL
PRANEETH CHILAKALAPUDII, SHYAM KATNAGALLUI, WOLFGANG WENZELI,
PENGHUI CA0?, and HorsT Haun'?? — !Institute Nanotechnology, Karlsruhe
Institute of Technology, Germany — 2Dept. Mat. Sci. & Engg., University of
California-Irvine, USA — *KIT-TUD Joint Research Laboratory Nanomateri-
als, Technische Universitit Darmstadt, Germany
Cluster assembled metallic glasses (CAMGs), synthesized by cluster (amor-
phous) ion beam deposition (CIBD), are a prominent bottom-up approach to
tailor amorphous structures. Experimental control of amorphous structure and
magnetic properties [1] was demonstrated with a custom-made apparatus which
offers precise control on the size and the deposition energy of the clusters under
ultra high vacuum [2].

To understand the underlying mechanisms of these structural changes in
CAMGs, we performed atomistic molecular dynamics simulations of CusyZrs,
cluster assembly using LAMMPS. Our simulations model the CIBD process and
evaluate changes in the local short-range order in CAMGs as a function of the
deposition energy of the clusters. We notice the presence of interfacial regions,
formed between every adjacent cluster. The interfaces are most prominent in
soft-landing cases. We also investigate the effect of quenching rate used to gen-
erate the amorphous clusters on CAMGs.

[1] C. Benel et al., Mat. Horizons, (2019) 6, 727
[2] A. Fischer et al., Rev. Sci. Instr. (2015) 86, 023304

DY 423 Wed11:40 DYc
X-ray computed tomography of glass foams with tailored hierarchical pore
structure — ¢CRISTINE SANTOS DE OLIVEIRAI, RICHARD KOHNSZ, FELIX
MEYERHOEFERZ, SIMON CARSTENSZ, Dirk ENKEz, RALF Boris WEHRSPOHNI’S,
and JULIANA MARTINS DE Souza E Stva' — 'Institut fiir Physik, Martin-
Luther-Universitat Halle-Wittenberg, Halle, Germany — 2Institut fiir Tech-
nische Chemie, Universitit Leipzig, Germany — >Fraunhofer Gesellschatt,
Miinchen, Germany
Glass foams are materials consisting of a light-weight porous glass structure of
special importance in the fields of civil engineering and bio-implants. Typically,
their synthesis involves the thermal foaming of a powder mixture of glass with a
foaming agent that decomposes at the foaming temperature, resulting in a solid
glass skeleton permeated by empty pores. In our work, we synthesized a series of
glass foams with a hierarchical pore structure, obtained by combining pores gen-

Location: DYc

erated through the foaming of a powdered mixture of silica-based glass, MnO,
and C at 815 °C, with pores obtained by phase-separation (performed at circa
500 °C) followed by acid leaching and washing. Using a combination of mercury
intrusion porosimetry, N, sorption and X-ray CT at the micro and nanometer
scales we observed that slight changes in the preparation procedure resulted in
foams with different porosity, surface area, pore size and pore volume. Further-
more, by applying machine learning segmentation to the X-ray CT data it was
possible to map inhomogeneities, residues and cracks inside the foam walls.

DY 424 Wed 12:00 DYc
Decelerated aging in metallic glasses by low temperature thermal cycling —
eFATHOLLAH VARNIK — ICAMS, Ruhr-University Bochum, Germany
It has been recently proposed that deep temperature cycling of metallic glasses
may lead to a rejuvenation and improve their ductility. Here, we investigate this
issue via extensive molecular dynamics simulations of a generic model glass for-
mer. We disentangle the effects of aging from those of thermal treatment and
show that aging is slowed down but not stopped - neither reversed — during
thermal cycling. These observations are corroborated further by a survey of en-
ergy distribution, which continues narrowing, albeit with a smaller rate. Our
results are in qualitative agreement with recent differential scanning calorime-
try measurements on different bulk metallic glasses, which show no measurable
rejuvenation upon deeply cooled (cryogenic) thermal cycling. This applies both
to as-quenched and well-annealed samples.

DY 42.5 Wed 12:20 DYc
Glassy dynamics in viscous liquids - Prospects of broadband NMR relax-
ometry — «MANUEL BecHER"?, MICHAEL VOGEL?, and ERNST ROSSLER! —
!'Nordbayerisches NMR-Zentrum, Universitit Bayreuth, Germany — Institute
of Condensed Matter Physics, TU Darmstadt, Germany
As the molecular dynamics of a liquid undergoing a glass transition features a
wide range of timescales over many decades, it is beneficial to study these viscous
liquids with broadband spectroscopic techniques. Besides well established meth-
ods such as dielectric spectroscopy (DS) and depolarized dynamic light scatter-
ing (DDLS) covering many decades in time/frequency, also nuclear magnetic
resonance (NMR) offers detailed insights in molecular motion ranging from the
boiling point of a liquid to its glassy arrest. However, in most recent publications
the spectral shape of the main relaxation peak between DS, DDLS and NMR
was readressed and the question of universality arised, rendering the prospect of
broadband NMR experiments to a new importance. As NMR experiments can
provide single-particle correlation functions of the probed molecular moieties,
but are usually carried out at a single Larmor-frequency, interest lies in *broad-
ening’ their frequency range. In this talk, ways to access the relaxation spectrum
are presented, focussing on field-cycling (FC) NMR. Here, recent advances allow
us to evaluate the concept of frequency-time superposition in molecular glass
formers. Moreover, making use of NMR’s isotope sensitivity, molecular site-
dependent measurements are shown to reveal the impact of molecular flexibility
on structural relaxation.

DY 42.6 Wed 12:40 DYc
The dynamics of a glassforming Lennard-Jones system below the criti-
cal mode-coupling temperature — «JUERGEN HOrRBACH — Heinrich Heine-
Universitaet, Duesseldorf, Germany
We present molecular dynamics (MD) computer simulations of a polydisperse
glassforming Lennard-Jones model. The equation of state of this model is very
similar to that of the Kob-Andersen binary Lennard-Jones (KABLJ) mixture. At
a comparable density, also the critical mode coupling temperature is similar as in
the KABL] mixture. Using the swap Monte Carlo technique in combination with
MD, we are able to equilibrate supercooled liquids far below the critical mode
coupling temperature. We analyze the properties of these deeply supercooled
samples with respect to their dynamics in the beta relaxation regime and their
response to external shear. In particular, we find the formation of shear bands at
sufficiently low shear rates.

DY 43: Pattern Formation - organized by Azam Gholami (Go6ttingen)

Time: Wednesday 14:00-16:00

DY 43.1 Wed 14:00 DYa
Suppression of coarsening in a Cahn-Hilliard model with nonreciprocal cou-
pling — «ToBias FROHOFF-HULSMANN' and UwE TaieLe? — 'Institute of
theoretical physics, WWU Miinster — 2Center of Nonlinear Science (CeNoS),
WWU Miinster
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When coarsening occurs, an initial patterned state develops into a fully phase-
separated state. This is standard for passive mixtures and is now also frequently
discussed in the field of active matter. The Cahn-Hilliard equation is the paradig-
matic description for a passive system characterized by a single conserved order
parameter field, e.g., concentration for a mixture. Here, we study a two-field
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Cahn-Hilliard system (e.g. representing a ternary mixture). The chosen cou-
plings maintain both conservation laws and consist of passive (reciprocal) and
active (nonreciprocal) contributions. Our particular focus is the suppression of
coarsening that occurs when going from the passive to the active case. We dis-
tinguish three mechanisms of suppression: Linear and nonlinear complete, and
nonlinear partial suppression. They differ from the suppression of coarsening
due to broken mass conservation observed in other systems.

DY 43.2 Wed 14:20 DYa
Pattern selection in reaction-diffusion systems — ¢SRIKANTH SUBRAMANIAN
and SEAN M. MURRAY — Max Planck Institute for Terrestrial Microbiology, Mar-
burg, Germany
Turing’s theory of pattern formation has been used to describe the formation of
self-organized periodic patterns in many biological, chemical, and physical sys-
tems. However, the use of such models is hindered by our inability to predict, in
general, which pattern is obtained from a given set of model parameters. While
much is known near the onset of the spatial instability, the mechanisms underly-
ing pattern selection and dynamics away from onset are much less understood.
Here, we provide physical insight into the dynamics of these systems. We find
that peaks in a Turing pattern behave as point sinks, the dynamics of which is
determined by the diffusive fluxes into them. As a result, peaks move toward
a periodic steady-state configuration that minimizes the mass of the diffusive
species. We also show that the preferred number of peaks at the final steady
state is such that this mass is minimized. Our work presents mass minimization
as a potential general principle for understanding pattern formation in reaction
diffusion systems far from onset.

DY 43.3 Wed 14:40 DYa
Periodic patterns displace active phase separation — «FREDERIK THOMSEN and
WALTER ZIMMERMANN — Theoretische Physik I, Universitit Bayreuth
In this work we identify and investigate a novel bifurcation in conserved systems
on one- and two-dimensional spatial domains. This secondary bifurcation stops
active phase separation in its nonlinear regime. It is then either replaced by an
extended, system-filling, spatially periodic stripe pattern in one spatial dimen-
sion or by a hexagonal pattern in two dimensions. In complementary parameter
regions phase separation is replaced by a novel hybrid state with spatially alter-
nating homogeneous and periodic states. The transition from phase separation
to extended spatially periodic patterns is hysteretic. We show that the result-
ing patterns are multistable, as they show stability beyond the bifurcation for
different wavenumbers belonging to a wavenumber band. Both transition sce-
narios are systems-spanning phenomena in particle conserving systems. They
are predicted with a generic dissipative model as described by this contribution.
Candidates for specific systems in which these generic secondary transitions are
likely to occur are, for example, generalized models for motility-induced phase
separation in active Brownian particles, models for cell division or chemotactic
systems with conserved particle dynamics.

DY 434 Wed 15:00 DYa
Chimera solitons and soliton turbulence in oscillatory media — ¢ARKADY
Pixovsky', LEV SMIRNOVZ, MaXIM BoLotov?, DMITRY BoLoTov?, and GRIG-
ory Ostpov® — !University of Potsdam, Germany — 2Institute of Applied
Physics of the Russian Academy of Sciences, Nizhny Novgorod, Russia —
*Department of Control Theory, Nizhny Novgorod State University, Nizhny
Novgorod, Russia

Chimera states are coexisting patterns of synchrony and asynchrony in oscil-
latory media. Here we report on stable solitary chimera states in an infinite
medium: a finite region of synchrony coexists with an infinite asynchronous
background. When this state becomes unstable, soliton turbulence appears,
where solitons merge and reappear randomly. With a further change of pa-
rameters, this regime evolves into a spatial-temporal intermittency, where the
synchronous state is absorbing. Close to the transition point, where the spatial-
temporal intermittency disappears, it is dominated by traveling dark solitons:
moving patches of asynchrony on a synchronous background.

DY 43.5 Wed 15:20 DYa
A hierarchy of protein patterns robustly decodes cell shape information —
*TZER HAN TAN1’4, Manon C. WIGBERSZ, FRIDTJOF BRAUNSZ, JINGHUI LIUI,
7 AK SWARTZ® , ERWIN FREYZ, and N1kTa FAKHRI' — lMIT, Cambridge, USA —
2LMU, Munich, Germany — >Whitehead Institute, Cambridge, USA — *MPI-
CBG, Dresden, Germany
Many cellular processes rely on precise positioning of proteins on the mem-
brane. Such protein patterns emerge from a combination of protein interactions,
transport, conformational state changes, and chemical reactions at the molecular
level. Recent experimental and theoretical work clearly demonstrates the role of
geometry and advective cortical flow in modulating membrane protein patterns.
How can regulatory proteins form a robust spatiotemporal organization on the
membrane in the face of dynamic cell-shape changes during physiological pro-
cesses? Here, we use the oocytes of the starfish Patiria miniata as a model system
and elucidate a shape-adaptation mechanism that robustly controls spatiotem-
poral protein dynamics on the membrane despite cell-shape deformations. By
combining experiments with biophysical theory, we show how cell-shape infor-
mation contained in a cytosolic gradient can be decoded by a bistable regulator of
Rho. In turn, this bistable front precisely controls a mechanochemical response
by locally triggering excitable dynamics of Rho. We posit that such a shape-
adaptation mechanism based on a hierarchy of protein patterns may constitute
a general physical principle for cell-shape sensing and control.

DY 43.6 Wed 15:40 DYa
Wavelength selection by interrupted coarsening in reaction-diffusion sys-
tems — FRIDTJOF BRAUNsl, eHENRIK WEYERI, Jacos HALATEKZ, JUNGHOON
Yoon!, and Erwin Frey! — ! Arnold Sommerfeld Center for Theoretical Physics
and Center for NanoScience, Department of Physics, Ludwig-Maximilians-
Universitdt Miinchen, Theresienstrafle 37, D-80333 Miinchen, Germany —
ZBiological Computation Group, Microsoft Research, Cambridge CB1 2FB, UK
Intracellular pattern formation may be described by (nearly) mass-conserving
reaction-diffusion systems. = Of these, two-component mass-conserving
reaction—diffusion systems are paradigmatic models, also used to describe for
example precipitation patterns or granular media systems. We will discuss that
these mass-conserving models generically show uninterrupted coarsening be-
cause of positive feedback in the mass transport between neighbouring pattern
domains. From this, a general coarsening criterion follows and the coarsening
law may be determined.

We use this understanding to explain the arrest of coarsening due to weak
source terms and predict the wavelength thereby selected. This analysis will ex-
emplify how the phase-space structure of pattern-forming systems may be used
to study wavelength selection far from equilibrium.

DY 44: Invited Talk Sujit S. Datta (Princeton)

Time: Wednesday 14:00-14:30

Invited Talk DY 44.1 Wed 14:00 DYb
Life in a tight spot: How bacteria swim in complex spaces — «SujiT DATTA —
Princeton University, Princeton NJ, USA

Bacterial motility is central to processes in agriculture, the environment, and
medicine. While motility is typically studied in bulk liquid or on flat surfaces,
many bacterial habitats - e.g., soils, sediments, and biological gels/tissues — are
complex porous media. Here, we use studies of E. coli in transparent 3D porous
media to demonstrate how confinement in a heterogenous medium fundamen-
tally alters motility. In particular, we show how the paradigm of run-and-tumble
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motility is dramatically altered by pore-scale confinement, both for cells per-
forming undirected motion and those performing chemotaxis, directed motion
in response to a chemical stimulus. Our porous media also enable precisely
structured multi-cellular communities to be 3D printed. Using this capability, we
show how spatial variations in the ability of cells to perform chemotaxis enable
populations to autonomously stabilize large-scale perturbations in their over-
all morphology. Together, our work thus reveals new principles to predict and
control the behavior of bacteria, and active matter in general, in complex envi-
ronments.
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DY 45: Brownian Motion and Anomalous Transport - organized by Ralf Metzler (Potsdam)

Time: Wednesday 14:00-16:30

Invited Talk DY 45.1 Wed 14:00 DYc
Small diffusive systems warm up faster than they cool down — ALEssIO
LapoLrra and sArjaz GopeEc — Mathematical bioPhysics Group, Max Planck
Institute for Biophysical Chemistry, Gottingen
The celebrated laws of linear irreversible thermodynamics dictate that the re-
laxation of an extensive thermodynamic observable to its equilibrium value de-
pends linearly on the departure from equilibrium, and is therefore indepen-
dent of the direction of the departure. However, these linear laws rely on the
assumption of "local thermodynamic equilibrium" which is expected to break
down when systems become sufficiently small. It turns out that the relaxation of
nano-scale systems driven out of equilibrium by a rapid change in temperature
depends not only on the distance but also on the direction of the displacement
from thermodynamic equilibrium. Contrary to intuition nano-scale systems in
fact warm up faster than they cool down. This asymmetry is a general feature
of reversible overdamped diffusive systems with smooth single-well potentials
and also occurs in multi-well landscapes when quenches disturb predominantly
intra-well equilibria. In the talk we will explain the physical origin of this in-
triguing asymmetry in relaxation to equilibrium.

[1] A. Lapolla, A. Godec, Phys. Rev. Lett 125, 110602 (2020) with focus article
in Physics 13, 144 (2020)

DY 45.2 Wed 14:30 DYc

Cooperatively enhanced reactivity and stabilitaxis of dissociating oligomeric
proteins — e¢JAIME AGUDO-CANALE)OI, PIERRE ILLIENZ, and RAMIN
GOLESTANIAN' — !Department of Living Matter Physics, Max Planck Insti-
tute for Dynamics and Self-Organization, Géttingen, Germany — “Sorbonne
Universite, CNRS, Laboratoire PHENIX, UMR CNRS 8234, Paris, France
Many functional units in biology, such as enzymes or molecular motors, are com-
posed of several subunits that can reversibly assemble and disassemble. This
includes oligomeric proteins composed of several smaller monomers, as well as
protein complexes assembled from a few proteins. By studying the generic spatial
transport properties of such proteins, we investigate here whether their ability to
reversibly associate and dissociate may confer on them a functional advantage
with respect to non-dissociating proteins [1]. In uniform environments with
position-independent association-dissociation, we find that enhanced diffusion
in the monomeric state coupled to reassociation into the functional oligomeric
form leads to enhanced reactivity with localized targets. In non-uniform envi-
ronments with position-dependent association-dissociation, caused by, for ex-
ample, spatial gradients of an inhibiting chemical, we find that dissociating pro-
teins generically tend to accumulate in regions where they are most stable, a
process that we term “stabilitaxis.”

[1] Agudo-Canalejo, J., Illien, P., & Golestanian, R. (2020). Proceedings of the
National Academy of Sciences, 117(22), 11894-11900.

DY 45.3 Wed 14:50 DYc
Hot Brownian Motion in the Ballistic Timescale — «X140YA SU', ALEXANDER
FiscHER', FRaNk CicHOs', and KLaus Kroy? — !Peter Debye Institute for Soft
Matter Physics, University Leipzig, Leipzig, Germany — “Institute of Theoretical
Physics, University Leipzig, Leipzig, Germany
Brownian motion is the erratic motion of particles in a fluid due to the bom-
bardment of the particle with solvent molecules providing thermal energy and
viscous friction. It is fundamental for the dynamics of soft matter and defines the
prototype of a fluctuation dissipation relation. While at long timescales the mo-
tion is purely stochastic, it is at shorter times influenced by hydrodynamic effects
and even ballistic at ultrashort times. Yet, the ballistic motion is still determined
by the temperature of the system. Here we explore the transition to the ballis-
tic regime for a hot Brownian particle, i.e. a microparticle which is heated by a
laser in an optical trap. In this case the particle temperature is different from the
solvent temperature and so far, only theoretical predictions exist for the relevant
temperature determining the particle velocity.

We report the first measurements of the thermal non-equilibrium process in a
specially designed optical trap which is able to resolve particle displacements of
about 20 pm with a time-resolution of 5ns. We show how the mean squared dis-
placement of the particle from the nanoseconds to the seconds timescale changes
as a function of the surface temperature of the particle and discuss the model of
a frequency dependent effective temperature of hot Brownian motion.

DY 454 Wed 15:10 DYc
Stochastic action for tubes: Connecting path probabilities to measurement
— ¢JULIAN KAPPLER', JANNES Graprow?, ULricH F. Kevser?, and RoNojoy
ApHIkART' — 'Department of Applied Mathematics and Theoretical Physics,
Cambridge University, Cambridge, United Kingdom — ?Cavendish Laboratory,

University of Cambridge
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The trajectories of diffusion processes are continuous but nondifferentiable, and
each occurs with vanishing probability. This introduces a gap between theory,
where path probabilities are used in many contexts, and experiment, where only
events with nonzero probability are measurable. We bridge this gap by consider-
ing the probability of diffusive trajectories to remain within a tube of small but
finite radius around a smooth path. This probability can be measured in exper-
iment, via the rate at which trajectories exit the tube for the first time, thereby
establishing a link between path probabilities and physical observables. In my
talk I will show how this link can be used to both measure ratios of path proba-
bilities [1], and to extend the theoretical stochastic action from individual paths
to tubes [2].

[1] J. Gladrow, U. E Keyser, R. Adhikari, and J. Kappler. Direct ex-
perimental measurement of relative path probabilities and stochastic actions.
arXiv:2006.16820

[2] J. Kappler and R. Adhikari. Stochastic action for tubes: Connecting path
probabilities to measurement. Physical Review Research, 2(2), June 2020.

DY 45.5 Wed 15:30 DYc
Diffusion and random search in (in)homogeneous media — <TRIFCE
Sanpev? and Rarr MeTzLER' — !University of Potsdam — ?Macedonian
Academy of Sciences and Arts
Different approaches to diffusion in both homogeneous and heterogeneous me-
dia will be discussed. Such processes often become anomalous due to the geo-
metric constraints, random potential effects or variations of the diffusion coef-
ficients. Such problems of heterogeneous diffusion might be closely related to
inhomogeneous advection-diffusion processes and geometric Brownian motion
used to analyze stock prices in financial markets in the Black-Scholes model.
The search strategies of many animals follow similar laws but they often return
to their nest or resting place, after some (random) search time. We will give re-
sults on the first passage and first hitting times for different random search pro-
cesses with and without external forces for which we will show that introduction
of stochastic resetting in such systems leads to various interesting realizations.
The investigation of resetting mechanism in aforementioned systems may also
be important for description of experiments of random motion with resetting
using optical trap techniques, or economic models of income dynamics.

DY 45.6 Wed 15:50 DYc
Disentangling the origins of anomalous diffusion in data: the Moses/
Noah and Joseph effects — «Erez AGHION', PHiLIPP G. MEYER', VIDUSHI
ApLAKHAZ, HOLGER KaNnTZ!, and KEvIN E. BassLER? — 'Max-Planck Insti-
tute for the Physics of complex systems, Dresden, Germany — *University of
Houston, Houston Texas, USA
We study a method for detecting the precise elements that lead to anomalous dif-
fusion, when it is observed in a experimental data, where we do not have exact
knowledge about the underlying dynamics.

The reasons for anomalous diffusion are decomposed into three effects: Incre-
ment correlations are expressed by the *Joseph effect*, fat-tails of the increment
probability density lead to a *Noah effect, and non-stationarity, to the *Moses
effect*. Telling these three effects apart is crucial when one tries to infer the
underlying structure of the system, and build a model to describe it.

We present this decomposition method by analysing the example of a widely-
applicable model for coupled Levy walk. We infer the properties of the dynamics
from data using methods of time-series analysis, and compare our results with
theoretical predictions.

DY 45.7 Wed 16:10 DYc
Dynamics of a point-like colloid in a confined critical fluid — «MARKUS
Gross — MPI for Intelligent Systems, Stuttgart
We study analytically and via simulations a point-like colloidal particle (tracer)
immersed in a confined critical fluid. Particle and fluid are governed by a system
of coupled stochastic PDEs. In addition to a white noise, the particle experi-
ences a random force due to the coupling to the fluctuating fluid density, which
is spatially correlated and strongly non-Markovian. By adiabatically eliminat-
ing the fluid degrees of freedom, we obtain an effective Langevin equation for
the particle, which entails a fluctuation-induced (Casimir) potential, a spatially
dependent Markovian noise, and a spatially dependent mobility. The stochastic
interpretation of the noise is found to depend on the type of coupling between
particle and fluid.

Reference: M. Gross, arXiv:2101.02072
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DY 46.1 Wed 14:30 DYb
Barrier-mediated predator-prey dynamics — *FABIAN JAN SCHWARZENDAHL
and HARTMUT LOWEN — Institut fiir Theoretische Physik II: Weiche Materie,
Heinrich-Heine-Universitit Diisseldorf, 40225 Disseldorf, Germany
The survival chance of a prey chased by a predator depends not only on their
relative speeds but importantly also on the local environment they have to face.
For example, a wolf chasing a deer might no be able to cross a river which can
be crossed by the deer. Here, we propose a simple predator-prey model for a
situation in which both the escaping prey and the chasing predator have to sur-
mount an energetic barrier. Different barrier-assisted states of catching or final
escaping are classified and suitable scaling laws separating these two states are
derived. We discuss the effects of diffusion on the catching times and determine
states in which catching or escaping is more likely. Including hydrodynamic and
chemotactic interactions, we further identify trapping or escaping states which
are determined by hydrodynamics and chemotaxis. Our results are of impor-
tance for both microbes and self-propelled unanimous microparticles following
each other by non-reciprocal interactions in inhomogeneous landscapes.

DY 46.2 Wed 14:50 DYb
Irreversibility of active particles: Fluctuation Theorem and Mutual Informa-
tion — LENNART DABELOW., «STEFANO B0?, and RALF EICHHORN® — ! Fakultit
fiir Physik, Universitit Bielefeld — >Max Planck Institute for the Physics of Com-
plex Systems — *Nordita, Royal Institute of Technology and Stockholm Univer-
sity
The defining feature of active particles is that they locally consume energy, which
enables them to self-propel and prevents them from equilibrating with their ther-
mal environment. Within the framework of active Ornstein-Uhlenbeck parti-
cles we derive the path probability of a particle subject to both, thermal and
active noise. By comparing the path probabilities for observing a particle tra-
jectory forward in time versus observing its time-reserved twin trajectory we
obtain a generalized “entropy production” for active Brownian motion, which
fulfills an integral fluctuation theorem. We show that those parts of this ”entropy
production”, which are different from the usual dissipation of heat in the thermal
environment, can be associated with the mutual information between the par-
ticle trajectory and the history of the non-equilibrium environment. We then
investigate the time-reversal properties of steady-state trajectories of a trapped
active particle. We find that steady-state trajectories in a harmonic potential ful-
fill path-wise time-reversal symmetry exactly despite their active nature, while
this symmetry is typically broken in anharmonic potentials.

DY 46.3 Wed 15:10 DYb
Shape-anisotropic Microswimmers: Influence of Hydrodynamics — ¢ARNE
W. ZanTtop and HOLGER STARK — Institute of Theoretical Physics, Technische
Universitit Berlin, Hardenbergstraf3e 36, 10623 Berlin, Germany
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Constituents of active matter, e.g. bacteria or active filaments, are often elongated
in shape. The shape and the stiffness of the active components clearly influence
their individual dynamics and collective pattern formation. On length scales
much larger than the size of the constituents, active materials exhibit many fas-
cinating phenomena such as the formation of vortices or turbulent structures
[1,2]. To identify how steric and hydrodynamic interactions as well as thermal
fluctuations influence collective behavior is subject of current research.
In this context, we model shape-anisotropic microswimmers with rod shape by
composing them of overlapping spherical squirmers. We simulate their hydro-
dynamic flow fields using the method of multi-particle collision dynamics. With
increasing aspect ratio of the rods, we find that a force quadrupole moment dom-
inates the hydrodynamic flow field, whereas in quasi-2D confinement between
two parallel plates (Hele-Shaw geometry) the far field is determined by a two-
dimensional source dipole moment [3]. Investigating the collective dynamics of
the squirmer rods, we identify with increasing density and aspect ratio of the
rods a disordered, a swarming, and a jamming state.

[1] Dunkel et al., Phys. Rev. Lett. 110, 228102 (2013)

[2] Wensink et al., Proc. Natl. Acad. Sci. 109, 14308-14313 (2012)

[3] A. W. Zantop and H. Stark, Soft Matter 16, 6400-6412 (2020)

DY 464 Wed15:30 DYb
Feedback Control of Multiple Active Microswimmers — ¢ALEXANDER
FISCHERI, GIOVANNI VOLPEZ, and Frank CicHos! — !Peter Debye Institute for
Soft Matter Physics, Universitit Leipzig — *Physics Department, Gothenburg
University
Sensing and reacting to signals is a fundamental component of life. The exchange
of information is used to organize ensembles of active objects into collective
states that appear as flocks, swarms or even tissue. Here we explore the emer-
gent collective behavior as a result of an information exchange between synthetic
microswimmers by computer-controlled feedback processes. We have created a
setup where multiple active microswimmers can respond to local signals in space
or their distance to other microswimmers [1]. Our system consists of symmet-
ric self-thermophoretic swimmers that are propelled by light-to-heat conversion
allowing us to implement almost arbitrary control of propulsion speed and di-
rection. Using this system, we study in particular the delayed response of the
swimmers to environmental signals, where the swimmers remember previous
information on a signaling landscape or infers future signals from experience.
We find that this type of delayed response is modifying the collective behavior
enhancing local swimmer densities depending on delay time, extrapolation or
memory and the rotational diffusion time. Our data suggest the existence of
optimal delays for the given landscapes.
[1] U. Khadka, V. Holubec, H. Yang, F. Cichos, Nat. Commun. 9, 3864 (2018)
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— Invited Talks, Contributed Talks, and Posters —

SOE 1: COVID-19 pandemics through the lens of physics (org.: Fakhteh Ghanbarnejad and Philipp
Hovel)

Time: Monday 9:00-13:00

Invited Talk SOE1.1 Mon9:00 SOEa
Mathematical modelling of COVID-19: dynamics and containment —
*YuLivA KYRYCHKO — Department of Mathematics, University of Sussex,
Falmer, Brighton, United Kingdom

COVID-19 disease caused by the novel SARS-CoV-2 coronavirus has already
brought unprecedented challenges for public health and resulted in huge num-
bers of cases and deaths worldwide. In this talk I will discuss mathematical mod-
els developed to analyse the dynamics of COVID-19 spread in some regions of
the UK and Ukraine. A particular emphasis will be made on the non-exponential
distribution of infection and recovery times as well as age- and location-specific
contact matrices used to represented mixing patterns. I will show how the model
can be used to provide an accurate short-term forecast for the numbers and age
distribution of cases and deaths, as well as the effects of different lockdown sce-
narios [1,2].

[1] Y.N. Kyrychko, K.B. Blyuss, I. Brovchenko (2020). Mathematical mod-
elling of the dynamics and containment of COVID-19 in Ukraine . Nature Sci.
Rep., 2020;10:1-11.DOI: 10.1038/541598-020-76710-1

[2] K.B. Blyuss, Y.N. Kyrychko, Effects of latency and age structure on
the dynamics and containment of COVID-19, J.TheorBiol. 2021; 513:
110587:DOI:10.1016/}.jtbi.2021.110587.

SOE1.2 Mon940 SOEa
An all-Ireland SIRX Network Model for the Spreading of SARS-CoV-2 —
*RORY HUMPHRIESI, MARY SPILLANEI, KIERNAN MULCHRONEI, SEBASTIAN
WiEczoRek!, MICHAEL O’R1oRDAIN"Z, and PuiLipp HovEL' — !School of
Mathematical Sciences, University College Cork, Western Road, Cork T12 XF64,
Ireland — 2Department of Surgery, Mercy University Hospital, Grenville Place,
Cork, T12 WE28, Ireland
The Republic of Ireland and Northern Ireland have been severely impacted by
the recent history of the spreading of the Severe Acute Respiratory Syndrome
Corona Virus 2 (SARS-CoV-2). Our work contributes to the goal of an island
with zero community transmissions and careful monitoring of routes of impor-
tation in the absence of effective pharmaceutical interventions.

In the model, nodes correspond to locations or communities that are con-
nected by links indicating travel and commuting between different locations.
The network comprises 4330 nodes, which corresponds to local administrative
units below the NUTS 3 regions. The local dynamics within each node follows
a phenomenological SIRXD compartmental model including classes of Suscep-
tibles, Infected, Recovered, Quarantined (X) and Deaths. We consider various
scenarios including the 5-phase roadmap for Ireland, where the parameters are
chosen to match the current number of reported deaths. In addition, we investi-
gate the effect of dynamic interventions that aim to keep the number of infected
below a given threshold.

SOE 1.3 Mon 10:00 SOEa
Scenario projections of the Covid-19 pandemic using a data-driven macro-
scopic model — «MARTIN TREIBER — TU Dresden, Germany
Modelling the pandemic dynamics is a prime example of an interdisciplinary
topic combining biology, the dynamics of social systems, and econometric data
analysis. The proposed model is of the delayed SEIR type including delays caused
by the infection period and the delayed effect of vaccinations. Moreover, it also
includes a complete measurement model including the delay between infection
and test, the number of tests, test strategies, the percentage of reported infec-
tions, and the test sensitivity and specificity.

The time varying model parameters base reproduction number R, and infec-
tion fatality rate are calibrated, for different countries, to the reported cases and
fatalities of RKI and OWID data. Relating the R, values to social behavior (mask
usage, distance, different stages of a "lockdown") I estimate the effect of differ-
ent measures, of the season, and possibly of different virus strains, in terms of
changes of R,.

Using the interactive online tool traffic-simulation.de, I present pro-
jections for several timelines of social behaviour, vaccination process, and inter-
actions with neighboring countries. As of Jan 28, the projection of the weekly
incidence for the time of the Spring Meeting is, ceteris paribus, about 30 con-
firmed cases/week/100000 persons.
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SOE 1.4 Mon10:20 SOEa
Analyzing protests against COVID-19 mitigation strategies on the Ger-
man internet — « ANDRZE] JARYNOWSKI', ALEXANDER SEMENOV?, and VITALY
BELIK® — 1Interdisci]:)linary Research Institute, Wroclaw, Poland — “Herbert
Wertheim College of Engineering, University of Florida, Gainesville, USA —
3System Modeling Group, Institute of Veterinary Epidemiology and Biostatis-
tics, Freie Universitat Berlin, Berlin, Germany
In this study we quantitatively assess perception of protests agains COVID-19
mitigation strategies in Germany from the late July till the end of August 2020
in the Internet media. To this end we investigate Google searches, Twitter and
Telegram posts, as well as selection of news articles collected via EventRegistry.
We focus on demonstrations on August 1st and August 29th, 2020 in Berlin [1].
Although the dominant actors of the protest are on the far-right political spec-
trum, based on network analysis, we demonstrate that left-wing activists could
both sympathize with and oppose the protest. We observe a constant interest in
the protest movements in traditional media, in contrast, their popularity on so-
cial media was growing. The revealed insights shed light on social dynamics in
the context of such major disruptive events as COVID-19 pandemic and could
serve as a basis for optimization of risk awareness campaigns by the government.
[1] Jarynowski A., Semenov A., Belik V. (2020) In: Chellappan S., Choo
KK.R., Phan N. (eds) Computational Data and Social Networks. CSoNet
2020. Springer Lecture Notes in Computer Science, vol 12575, 524 (2021)
https://doi.org/10.1007/978-3-030-66046-8_43

20 min. break

Invited Talk SOE 15 Mon 11:00 SOEa
data-driven modeling of COVID-19 pandemic — «YAMIR MORENO — Institute
BIFI, University of Zaragoza, Zaragoza 50018

The new Coronavirus disease 2019 (COVID-19) has forced an unprecedented
response from health authorities worldwide and the World Health Organiza-
tion. Despite the adoption of drastic measures, the pandemic is still ongoing
worldwide, and surges of infections are being observed in more than 188 coun-
tries. Even with vaccination campaigns starting to roll out, specific pharma-
ceutical interventions need to be adopted nowadays to reduce the pressure over
health-care systems. Here we show results that correspond to different stages of
the pandemic using data-driven modeling. Specifically, we present simulations
using data-driven models tailored to mobility data from China, Spain, and the
U.S. The models are used to estimate the effectiveness of customary public in-
terventions on the spread of COVID-19 in these locations as well as to calculate
heard immunity thresholds of realistic populations and vaccine coverage needed
to protect them. Our main findings highlight that having a coordinated response
system could be key for the containment of the spread of COVID19 and its pos-
sible eradication at the lowest possible cost.

SOE1.6 Mon11:40 SOEa
How to estimate the macroscopic epidemic dynamics with a random test-
ing strategy — YASAMAN ASGARII, SEPIDEH ABDOLLAHIZ, ARYANA HAGHIOOZ,
FARNOUSH FARAHPOURS, and «FAKHTEH GHANBARNEIADlA — 1Department of
Mathematics, Sharif University of Technology, Tehran, Iran — 2Department of
Physics, Sharif University of Technology, Tehran, Iran — *Bioinformatics and
Computational Biophysics, University of Duisburg-Essen, Germany — *Institute
for Theoretical Physics, Technical University of Dresden, Dresden, Germany
The world has suffered from epidemics and pandemics especially the most re-
cent one: COVID-19 in many ways. Having a more precise estimation of how
an epidemic evolves, can help us to make better interventions policies. Molec-
ular and Antibody tests, not only can help the physicians for a more accurate
individual diagnosis (microscopic level) but also can help to have a macroscopic
picture of the spreading dynamics. However, due to some limitations, different
testing strategies have to be made. In this work, we want to show how to esti-
mate the real epidemic dynamics with random sampling at a macroscopic level.
So we developed a mathematical model based on SIR dynamics and introduced
a quantitative method on how to extract information from the empirical data,
i.e. daily test results. Moreover, we show the impact of daily test capacity on
the estimation. Finally, we studied two empirical data, namely the daily positive
PCR cases at Paris and Massachusetts, and compared our estimations with their
COVID-19 wastewater analysis. Our estimations present reliable error bars.
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SOE 1.7 Mon 12:00 SOEa
Discontinuous epidemic transition due to limited testing — DAVIDE
SCARSELLI', eNAZMI BURAK BUDANUR', MARC TiMME?, and BJ6RN HOF' —
Unstitute of Science and Technology Austria, Klosterneuburg, Austria — 2Chair
for Network Dynamics, Center for Advancing Electronics Dresden (cfaed), In-
stitute for Theoretical Physics and Center of Excellence Physics of Life, Technical
University of Dresden, Dresden, Germany
High impact epidemics constitute one of the largest threats humanity is facing
in the 21st century. In the absence of pharmaceutical interventions, physical dis-
tancing together with testing, contact tracing and quarantining constitute crucial
measures in slowing down epidemic dynamics. Yet, here we show that if test-
ing capacities are limited, containment may fail dramatically because such com-
bined countermeasures drastically change the rules of the epidemic transition:
Instead of continuous, the response to countermeasures becomes discontinuous
[1]. Rather than following the conventional exponential growth, the outbreak
that is initially strongly suppressed eventually accelerates and scales faster than
exponential during an explosive growth period. As a consequence, containment
measures either suffice to stop the outbreak at low total case numbers or fail
catastrophically if marginally too weak, thus implying large uncertainties in re-
liably estimating overall epidemic dynamics, both during initial phases and dur-
ing second wave scenarios. [1] D. Scarselli, N. B. Budanur, M. Timme, B. Hof.
Discontinuous epidemic transition due to limited testing. Under review (2021).

SOE 1.8 Mon 12:20 SOEa
A control theory approach to optimal pandemic mitigation — PRAKHAR
GODARAI, STEPHAN HERMINGHAUSI’Z, and *KnuT HEIDEMANN! — Max
Planck Institute for Dynamics and Self-Organization, Géttingen, Germany —
“Institute for the Dynamics of Complex Systems, Georg- August-Universitit Gét-
tingen, Germany
The recent outbreak of the illness COVID-19, has resulted in a pandemic with
unprecedented impact on societies all over the globe. A major focus of govern-

ments is on designing containment strategies which are as mild as possible, but
substantial enough to limit the severity of the outbreak in order not to overwhelm
the health service system (HSS). In the framework of homogeneous susceptible-
infected-recovered (SIR) models, we use a control theory approach to identify
optimal pandemic mitigation strategies [1]. We derive rather general conditions
for reaching herd immunity while minimizing the costs incurred by the intro-
duction of societal control measures (such as closing schools, social distancing,
lockdowns, etc.), under the constraint that the infected fraction of the population
does never exceed a certain maximum corresponding to public health system ca-
pacity. Optimality is derived and verified by variational and numerical methods
for a number of model cost functions. The effects of immune response decay
after recovery are taken into account and discussed in terms of the feasibility of
strategies based on herd immunity.

[1] Prakhar Godara, Stephan Herminghaus and Knut M. Heidemann. “A
control theory approach to optimal pandemic mitigation.” arXiv preprint
arXiv:2009.02513 (2020).

SOE1.9 Mon 12:40 SOEa
Statistsiche Untersuchungen der Covid-Inzidenzzahlen des RKI — «RAINER
GOTTWALD', STEFAN SCHEINGRABER? und ULI SPREITZER® — ! Dr. Rainer Gott-
wald, 86899 Landsberg am Lech — 2PD. Dr. Stefan Scheingraber, 93413 Cham
— *Léw & Spreitzer GmbH, 92277 Hohenburg

Inzidenzzahlen fiir Corona-positive des RKI sind umstritten wegen der Ande-
rungen der Teststrategie, methodische Grenzen des PCR-Testverfahrens, Mel-
dedatenverzug u.a. Die Daten des RKI zur Inzidenz der ”Coronafille” fiir 2020
wurden mit mathematischen Verfahren untersucht. Zeitreihenanalyse ergaben
abweichende Werte fiir wichtige Punkte wie Trendumkehr. Der Einfluf} des wei-
Blen Rauschen wurde aufgezeigt. Korrelationsrechnungen zeigten den Einfluf}
gednderter Testbedingungen auf die Werte. Medizinische Analysen der Inziden-
zahlen ergdnzen und plausibilisieren die statistischen Erkenntnisse.

SOE 2: Networks and Social Dynamics

Time: Monday 14:00-16:00

SOE2.1 Mon 14:00 SOEa
Degree irregularity and rank probability bias in network-meta analysis —
+ANNABEL L Davies' and Tosias Garra* — 'The University of Manchester,
Manchester, United Kingdom — “Instituto de Fisica Interdisciplinar y Sistemas
Complejos, IFISC (CSIC-UIB), Palma de Mallorca, Spain
Network meta-analysis (NMA) is a statistical technique for the comparison of
treatment options. The nodes of the network graph are the competing treat-
ments and the edges represent comparisons made between the treatments in the
trials. Outcomes of Bayesian NMA include estimates of treatment effects, and
the probabilities that each treatment is ranked best, second best and so on. How
exactly network topology affects the accuracy and precision of these outcomes
is not fully understood. We conduct a simulation study and find that disparity
in the number of trials involving different treatments leads to a systematic bias
in estimated rank probabilities. This bias is associated with an increased vari-
ation in the precision of treatment effect estimates. Using ideas from network
theory, we define a measure of ‘degree irregularity’ to quantify asymmetry in the
number of studies involving each treatment. Our simulations indicate that more
regular networks have more precise treatment effect estimates and smaller bias
of rank probabilities. We also find that degree regularity is a better indicator
for the accuracy and precision of parameter estimates in NMA than both the
total number of studies in a network and the disparity in the number of trials
per comparison. Reference: A. L. Davies, T. Galla, Research Synthesis Methods
2020, 1-17, https://doi.org/10.1002/jrsm.1454

SOE2.2 Mon 14:20 SOEa
Revealing network size from the dynamics of a single node? — «GEORG
BORNER, HAUKE HAEHNE, JOSE CASADIEGO, and MARC TIMME — Chair for
Network Dynamics, Institute for Theoretical Physics and Center for Advancing
Electronics Dresden (cfaed), TU Dresden
Networks are ubiquitous in the natural and human-made world and their dy-
namics fundamentally underlie the function of a variety of systems, from gene
regulation in the cell and the activity of neuronal circuits to the distribution of
electric power and the transport of people and goods.

Recent work [1] introduced a method to infer the size of a network, its num-
ber of dynamical variables, from measuring times series of a fraction of the its
units only. Here we demonstrate that size inference is possible even from the
observed time series of a single unit. We state mathematical conditions required
for such inference in principle and show that, in practice, the success depends
strongly on numerical constraints as well as on experimental decisions. We illus-
trate successful size inference for systems of N = 20 variables and point to ways
for improving the reliability and power of the reconstruction. We briefly com-

113

Location: SOEa

ment on how the success of the approach depends on the quality and quantity of
collected data and formulate some general rules of thumb on how to approach
the measurement of a given system.

[1] H. Haehne et al., Detecting Hidden Units and Network Size from Percep-
tible Dynamics Phys. Rev. Lett. 122:158301 (2019).

SOE 2.3 Mon 14:40 SOEa
Blind identification of stochastic block models from dynamical observations
— eMiICHAEL SCHAUB — RWTH Aachen University, Aachen, Germany
In many applications we are confronted with the following system identification
problem: we observe a dynamical process that describes the state of a system at
particular times. Based on these observations we want to infer the (dynamical)
interactions between the entities we observe. In the context of a distributed sys-
tem, this typically corresponds to a “network identification” task: find the edges
of the graph of interconnections.

However, often the number of samples we can obtain from such a process are
far too few to identify the edges of the network exactly. Can we still reliably infer
some aspects of the underlying system?

Motivated by this question we consider the following identification prob-
lem: instead of trying to infer the exact network, we aim to recover a (low-
dimensional) statistical model of the network based on the observed signals on
the nodes. More concretely, here we focus on observations that consist of snap-
shots of a diffusive process that evolves over the unknown network. We model
the (unobserved) network as generated from an independent draw from a la-
tent stochastic blockmodel (SBM), and our goal is to infer both the partition of
the nodes into blocks, as well as the parameters of this SBM. We present simple
spectral algorithms that provably solve the partition and parameter inference
problems with high-accuracy. We further discuss some possible variations and
extensions of this problem setup.

SOE 2.4 Mon15:00 SOEa
Detection and Analysis of Fake News on Twitter — ZAHRA GHADIRI, SIMA
HasHEMI, MILAD RANJBAR, sFAKHTEH GHANBARNEJAD, and SADEGH RAEISI
— Sharif University of Technology, Tehran, Iran
Fake news on social media has become a major problem that impacts many as-
pects of our lives. In this work, we try to combine ideas from complex systems
and networks with techniques from natural language processing (NLP) to de-
velop intelligent agents that can distinguish real and fake news. Our approach is
based on the intuition that one of the more effective ways to detect fake news is to
cross-check with reliable sources such as well-established news agencies. To this
end, first we collect tweets from the Twitter accounts of official news agencies
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which are posted around the posting time of the target tweets. We use clustering
algorithms to cluster tweets based on the topic and content. Next we identify
the cluster that best matches the target tweet. Then we extract features from our
tweets and train a classifier that based on the comparison with the corresponding
cluster would identify fake tweets. This provides a NLP tool that enables us to
check a posted tweet with news from news agencies or any other reliable source
of information based on the content. We also build and investigate the evolu-
tion/dynamic trees of retweets. We analyze the topological features of the trees
as well as the dynamical properties. We should note that there are challenges
associated with the reconstruction of the network and dynamics of a tweet on
Twitter that could potentially influence our results and conclusion.

SOE2.5 Mon 15:20 SOEa
A physics of governance networks: critical transitions in contagion dynam-
ics on multilayer adaptive networks with application to the sustainable use
of renewable resources — ¢JONATHAN DONGESI’Z, FABIAN GEIERI, WOLFRAM
Barruss?, and MARC WiEDERMANN' — !Potsdam Institute for Climate Tm-
pact Research, Potsdam, Germany — 2Stockholm Resilience Centre, Stockholm
University, Stockholm, Sweden — 3School of Mathematics, University of Leeds,
Leeds, United Kingdom
Adaptive network models are promising tools to analyze complex interactions in
coupled human-economy-nature systems in the context of climate change miti-
gation and sustainability transformations. Here, we focus on a three-layer adap-
tive network model, where a polycentric governance network interacts with a
social network of resource users which in turn interacts with an ecological net-
work of renewable resources. We uncover that sustainability is favored for slow

interaction timescales, large homophilic network adaptation rate (as long it is
below the fragmentation threshold) and high taxation rates. We also observe a
trade-off between an eco-dictatorship and the polycentric governance network
of multiple actors. In the latter setup, sustainability is enhanced for low but hin-
dered for high tax rates compared to the eco-dictatorship case. These results
highlight mechanisms generating emergent critical transitions in contagion dy-
namics on multilayer adaptive networks and show how these can be understood
and approximated analytically, relevant for understanding complex adaptive sys-
tems from various disciplines ranging from physics to epidemiology.

SOE2.6 Mon15:40 SOEa
Public goods games on networks: endogeneous reference groups — ¢ ADRIAN
FESSEL', MARTIN KoCHER?, and HaNS-GONTHER DOBEREINER! — 'Institute
for Biophysics, University of Bremen, Bremen, Germany — 2Department of Eco-
nomics, University of Vienna, Vienna, Austria
Public goods games are a paradigm for understanding cooperative behavior
within some reference group, whereas the field of complex networks provides
powerful frameworks for modeling the dynamics and structure of interactions
between individual agents. Combining these approaches, we study the formation
and evolution of endogeneous reference groups in a network model. Between it-
erations of public goods games played within each connected component, the
model evolves by edge addition or removal based on expected utility. In sim-
ulations, we observe fragmented or percolated states depending on the set of
parameters, as well as dynamical solutions characterized by oscillations of the
network structure.

SOE 3: Poster

Time: Monday 17:30-19:30

SOE 3.1 Mon17:30 SOEp

Effective curvature of street networks — ¢DAVID BANTJE, STEPHAN HERMING-
HAUS, and KNUT M. HEIDEMANN — Max-Planck Institute for Dynamics and
Self-Organization, Am Fassberg 17, 37077 Gottingen, Germany
Demand responsive ride pooling (DRRP) could contribute significantly to the
transition towards sustainable mobility. In mean-field theories of DRRP [1],
such systems are currently modelled in the Euclidean plane. We investigate if
by assigning an effective Gaussian curvature, the metric properties of the street
network can be incorporated into the existing theoretical framework. This poster
illustrates the calculation scheme of effective curvature and presents results for
model and real street networks.

[1] S. Herminghaus (2019). Mean field theory of demand responsive ride
pooling systems. Transportation Research Part A: Policy and Practice, 119.
https://doi.org/10.1016/j.tra.2018.10.028

SOE3.2 Mon17:30 SOEp
Persistence length of ride-sharing bus trajectories — «STEFFEN MUHLE and
HELGE HEUER — Max Planck Institute for Dynamics and Self-Organization,
Gottingen, Germany
On-demand ride-sharing services have the potential to drastically decrease ur-
ban traffic, mobility costs, carbon emissions and the need for owning a private
car. While the benefits of a well-coordinated bus fleet capable of serving live
incoming transport requests are compelling, predicting the spatio-temporal dy-
namics even of single buses is far from trivial. Typically, a bus’ trajectory does
not originate in isolation but emerges from its interplay with incoming requests,
the street network, other buses and fleet-wide policies.

Given the latter, namely the maximally allowed detour an accepted request
may entail, §,,,,, we treat bus trajectories as random walks and inspect them
from the perspective of polymer theory. To this end, we generate random walks
purely geometrically, and also run full-scale ride-sharing simulations using Mat-
Sim. In both cases, we observe that for long times a bus’ trajectory becomes
diffusive, which allows us to assign a persistence length to them.

This creates a quantitative link between the (tunable) parameter §,,,, and the
(observed) typical length scale on which a bus changes its direction, enabling us
to predict e.g. how much time a bus spends in a certain district or how far it
travels over the course of one day.

SOE3.3 Mon 17:30 SOEp
Evaluation of demand responsive ride pooling on real life taxi data
— eMICHAEL STERNBACH1’2’3, FELIX ]UNGI, PUNEET SHARMAI’Z, STEPAHN
HEerMINGHAUS 2, and KNuT HEIDEMANN'? — Max Planck Institute for Dy-
namics and Self-Organization, Gottingen, Germany — “Institut for Dynamics
and Complex Systems, University of Géttingen, Germany — >Campus Institute
for Dynamics of Biological Networks, Gottingen, Germany
Climate change caused by human greenhouse gas (GHG) emissions is one of the
vital challenges of humankind. Passenger cars contribute significantly to human
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GHG emissions. To reduce this effect, more eco-friendly transport modes are
needed. Demand responsive ride pooling (DRRP) offers door-to-door service
similar to taxi or personal car while pooling customers with similar routes on
the same vehicle, thereby reducing emissions and the number of cars needed.
In this study, we measure the performance of a DRRP system on real life taxi
request data and evaluate under which conditions e. g. request rate, number of
vehicles, allowed detour or waiting time DRRP can operate more efficiently than
taxi service at a reasonable service quality. We compare our results to a mean
field description of DRRP [1] to analyze the effect of road network structure and
spatial request distribution. Our results provide significant insight on the pre-
requisites for ecological and economic feasibility of DRRP.

[1] Herminghaus, S. (2019). Mean field theory of demand responsive ride
pooling systems. Transportation Research Part A: Policy and Practice, 119, 15-
28.

SOE34 Mon17:30 SOEp
Bi-modal demand responsive ride pooling — <PUNEET SHARMA, HELGE
HEUER, STEPHAN HERMINGHAUS, and KNUT HEIDEMANN — Max Planck In-
stitute for Dynamics and Self-Organization, Goettingen
Commuting is an indispensable part of modern human lives. While modern
cities offer various modes of transportation, considered separately, none of them
is both efficient, i.e., sustainable, and convenient. A taxi service is convenient,
in a sense, due to door-to-door service, but is inefficient since it usually serves
one customer only. Demand responsive ride pooling (DRRP) with minibuses is
more efficient, but leads to undue competition with line services (LS), which pro-
vide even better pooling (average number of passengers per vehicle) but are less
convenient due to fixed routes and stops. A combination of both modes, DRRP
and LS, may provide an ideal solution but is challenging to organize. Here we
derive conditions for efficient and convenient transportation for a bi-modal ser-
vice based on a simple square-grid geometry. We relate the optimal mesh size,
i.e., distance between stations, to external parameters like passenger density and
traveling behavior. We also compare the carbon footprint of the bi-modal service
with private cars so as to measure it*s efficiency.

SOE3.5 Mon17:30 SOEp
Numerical study of phase transition in the bipartite z-matching — «TrLL
KAHLKEI, MARTIN FRANZLEZ, and ALEXANDER K. HARTMANN' — 'Institut of
Physics, University of Oldenburg, Germany — “Institut of Computer Science,
University of Oldenburg, Germany
We study numerically [1] the many-to-one bipartite z-matching, a generalisation
of the matching problem. It can be used, e.g., to model a wireless communication
network of users and servers, where z denotes the maximum number of users a
server can treat at one time. Within a bipartite graph representation, there are
links from each user to all servers which are feasible, e.g., close enough. The
maximum matching capacity of this graph is the largest total number of users all
servers can serve. After mapping to standard maximum matching, we use a nu-
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merically exact algorithm (Edmonds blossom shrinking) to solve the z-matching
problem. First, we compare it with previous analytic results [2]. Next, we look
at the saturation probability as order parameter and observe phase transitions
when varying the average number of neighbors. We describe these transitions
by their critical points and an universal critical exponent. When comparing the
matchings of the exact algorithm with a commonly used matching heuristic, we
observe that the heuristic starts to differ from the optimal solution right at the
critical point.

[1] A.K. Hartmann, Big Practical Guide to Computer Simulations (World Scien-
tific, 2015).

[2] E. Kreaci¢ and G. Bianconi, Europhys. Lett. 126, 28001 (2019).

SOE 3.6 Mon17:30 SOEp
Burstiness and accuracy of collective decision-making — <MARIKO ITO —
Rikkyo University, Tokyo, Japan
In the decision-making of an individual, others’ opinions can significantly affect
when and what he/she states. Kurvers et al. [1] empirically showed that infor-
mative individuals tend to answer earlier than the others when each individual
in a group is allowed to answer any time for a binary choice problem. They also
exhibited that the group performance is high in the collective decision-making
with such self-organised orders compared to that in the case where individuals
make decisions independently. Here my interest is whether the distribution of
the interval between statements has any information about the quality of their
collective decision-making as well as the order of the statements.

I analysed the data in Kurvers et al. and derived the burstiness parameter B,
the strength of burstiness [2]. Burst is the phenomenon where events, i.e., state-
ments in our case, frequently occur in short periods while that rarely occur in
long periods. I found that the greater is B, the higher is the group performance.
The value of B was positively correlated with the group performance even when
individuals made decisions independently. These results suggest that individuals
with stronger confidence can cause a more bursty sequence of their statements.
[1] Kurvers et al., R. Soc. Open Sci., 2015. [2] Goh and Barabasi, EPL, 2008.

SOE 3.7 Mon17:30 SOEp
Cascade dynamics in Reddit communities — «JoAao PINHEIRO NETO and KNUT
HEIDEMANN — Max Planck Institute for Dynamics and Self-Organization

Social media has a large role in modern society, making studying its dynam-
ics fundamental to understand social and political events. Reddit is one of the
biggest social media platforms in the world, and individual subcommunities
(called ”subreddits”) have been involved in some of the biggest events in recent
times. Discussions in Reddit happen in threads that follow a tree structure, with
each comment spawning a new branch. This has been modeled with directed
percolation-like models such as the Hawkes process, and it has been shown that
the probability distributions of both thread size and total score follow power-laws
[1,2]. Here we explore how these distributions and other observables vary across
different subreddits. In particular, we show that i) subreddits can display both
power-laws and non-power-law distributions, and ii) that the measured power-
law exponents can vary considerably. We relate that to subreddit features such
as the type of content and size of the userbase.

References

1. Medvedeyv, A. N., Delvenne, J. C., Lambiotte, R., & Cherifi, H. (2018). Jour-
nal of Complex Networks, 7(1), 67-82

2. Medvedev, A. N., Lambiotte, R., & Delvenne, J.-C. (2019) In Springer Pro-
ceedings in Complexity (pp. 183-204).

SOE 3.8 Mon17:30 SOEp
Dirac Algebra Generalized Matrix Inverses — «MARTIN ERik HORN — IUBH
- Internationale Hochschule, Campus Berlin
More and more introductory business mathematics textbooks present gener-
alized matrix inverses as elementary part of the foundations of mathematical
economics. Therefore Moore-Penrose generalized matrix inverses as the scalar
part of Pauli Algebra generalized matrix inverses had been discussed at the DPG
spring meeting 2018 of the Physics of Socio-economic Systems Division in Berlin
in a geometric way.

As this geometry is based on the Euclidean structure of space, it is quite rea-
sonable to ask, what happens if generalized matrix inverses are constructed in
pseudo-Euclidean, hyperbolic spacetimes. This will be discussed in this poster
presentation: Spacetime generalized matrix inverses are constructed as the scalar
part of Dirac Algebra generalized matrix inverses. And again the algebraic rea-
soning of textbooks will be completed by analyzing the geometry it is based on.

SOE 4: Data Analytics for Complex Dynamical Systems (joint SOE/DY Focus Session) (joint session
SOE/DY)

Time: Tuesday 11:00-12:40

SOE4.1 Tue11:00 SOEa
Network inference from event sequences: Disentangling synchrony from
serial dependency — *REIK DONNER"?, ADRIAN ODENWELLER®, FREDERIK
WorLr?, and ForouGH HassANIBESHELI> — ! Magdeburg-Stendal University of
Applied Sciences, Magdeburg, Germany — ZPotsdam Institute for Climate Im-
pact Research (PIK) - Member of the Leibniz Association, Potsdam, Germany
Inferring coupling among interacting units or quantifying their synchronization
based on the timing of discrete events has vast applications in neuroscience, cli-
mate, or economics. Here, we focus on two prominent concepts that have been
widely used in the past: event synchronization (ES) and event coincidence anal-
ysis (ECA). Numerical performance studies for two different types of spreading
processes on paradigmatic network architectures reveal that both methods are
generally suitable for correctly identifying the unknown links. By further ap-
plying both concepts to spatiotemporal climate datasets, we demonstrate that
unlike ECA, ES systematically underestimates linkages in the presence of tem-
poral event clustering, which needs to be accounted for in network reconstruc-
tion from data. In turn, for spike train data from multi-channel EEG recordings
(with relatively narrow inter-event time distributions), the obtained results are
practically indistinguishable. Our findings allow deriving practical recommen-
dations for suitable data preprocessing in the context of network inference and
synchronization assessment from event data.

SOE4.2 Tuell:20 SOEa
Identification of Stochastic Differential Equations from Data — «ToBIAS
WaND' and OLIvER Kamps? — ! Westfilische Wilhelms-Universitit Miinster —
%Center for Nonlinear Science Miinster
In recent years, methods to identify dynamical systems from experimental or
numerical data have been developed [1, 2]. In this context, the construction of
sparse models of dynamical systems has been in the focus of interest and has been
applied to different problems. These data analysis methods work with hyper-
parameters that have to be adjusted to improve the results of the identification
procedure. Non-deterministic systems require a refined identification algorithm.
In this talk, we will introduce an approach to optimally select hyper-parameters
for the identification of sparse differential equations from non-deterministic
data.
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[1] Brunton et al. Proceedings of the National Academy of Sciences, 2016, 113,
3932-3937
[2] Mangan et al. Proceedings of the Royal Society A, 2017, 473, 20170009

SOE 4.3 Tuell:40 SOEa
Data-driven analysis of the power grid frequency — sBENJAMIN SCHAFER',
CHRISTIAN BECK! , LEONARDO RYDIN G0R1A02’3, JOHANNES KRUSEZ’S, and DIRK
WittHAUT>® — School of Mathematical Sciences, Queen Mary University of
London, London E1 4NS, United Kingdom — “Forschungszentrum Jiilich, Insti-
tute for Energy and Climate Research-Systems Analysis and Technology Evalua-
tion (IEK-STE), Jiillich, Germany — 3Institute for Theoretical Physics, University
of Cologne, K6ln, Germany

The Paris conference 2015 set a path to limit climate change to “well below 2°C”.
To reach this goal greenhouse gas emissions have to be reduced and renew-
able generators, electrical mobility or smart grids are integrated into the existing
power system.

The introduction of these new technologies raises several questions about con-
trol, stability and operation and therefore requires a solid understanding of ex-
isting and future systems and new conceptional approaches.

Here, we use data-driven approaches to work towards a quantitative under-
standing of the power grid with a particular focus on the power grid frequency.
We analyse time series from various synchronous areas such as Continental Eu-
rope, Great Britain but also two US areas and several European islands.

We highlight significant deviations from Gaussianity in several regions, scal-
inglaws and spatio-temporal dynamics. Finally, we discuss how past information
may be used to forecast the frequency.

SOE 4.4 Tue12:00 SOEa
Tipping and transition paths in high-dimensional agent-based models —
«LUZIE HELFMANN1’2’3, PETER KOLTAII, JoBsT HEITZIG3, and CHRISTOF
ScutTTE>' — !Freie Universitit Berlin — >Zuse Institute Berlin — >Potsdam
Institute for Climate Impact Research
Agent-based models are a popular choice for modeling complex social systems.
Here, we are concerned with studying noise-induced tipping between relevant
subsets of the agent state space, e.g., in order to understand drastic opinion
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changes in a population of agents. Due to the large number of interacting in-
dividuals, agent-based models are usually very high-dimensional. We therefore
apply Diffusion Maps, a non-linear dimension reduction, to reveal the intrin-
sic low-dimensional structure of the model dynamics. We will characterize the
tipping behavior by means of Transition Path Theory, a theory for gaining sta-
tistical understanding of the tipping paths (e.g., their density, flux, rate). We will
illustrate our approach on two examples, both exhibiting a multitude of tipping
pathways.

SOE 4.5 Tuel2:20 SOEa
Quasi-stationary states in temporal correlations for traffic systems: Cologne
orbital motorway as an example — «SHANSHAN WANG, SEBASTIAN GARTZKE,
MICHAEL SCHRECKENBERG, and THOMAs GUHR — Fakultét fiir Physik, Univer-
sitdt Duisburg-Essen, Lotharstrale 1, 47048 Duisburg, Germany
Traffic systems are complex systems that exhibit non-stationary characteristics.

Therefore, the identification of temporary traffic states is significant. In contrast
to the usual correlations of time series, here we study those of position series,
revealing structures in time, i.e. the rich non-Markovian features of traffic. Con-
sidering the traffic system of the Cologne orbital motorway as a whole, we iden-
tify five quasi-stationary states by clustering reduced-rank correlation matrices
of flows using the k-means method. The five quasi-stationary states with non-
trivial features include one holiday state, three workday states and one mixed
state of holidays and workdays. In particular, the workday states and the mixed
state exhibit strongly correlated time groups shown as diagonal blocks in the cor-
relation matrices. We map the five states onto reduced-rank correlation matrices
of velocities and onto traffic states where free or congested states are revealed in
both space and time. Our study opens a new perspective for studying traffic sys-
tems. This contribution is meant to provide a proof of concept and a basis for
further study.

SOE 5: Financial and Economic Systems and Evolutionary Game Theory

Time: Tuesday 14:00-15:00

SOE5.1 Tue 14:00 SOEa
Uncovering the Dynamics of Correlation Structures Relative to the Collective
Market Motion — ¢ANTON J. HECKENS, SEBASTIAN M. KRAUSE, and THOMAS
GUHR — Universitit Duisburg-Essen, Lotharstr. 1, 47048 Duisburg
Complex systems are characterized by a variety of interactions and often produce
a strong correlated behavior of their system components. Stock markets are par-
ticularly well-suited as examples of such complex systems due to their abundance
of data for the analysis of correlated phenomena. Miinnix et al. [1] used correla-
tion matrices over short time horizons, in order to analyze their dynamics with
respect to their non-stationarity. Using a cluster procedure, it became apparent
that there are quasi-stationary periods, so-called market states. They emerge,
disappear or reemerge, but they are dominated by the collective motion of all
stocks. To extract more refined information, we present a new approach by clus-
tering correlation matrices which are free from the collective market motion [2].
The resulting dynamics is remarkably different, and the corresponding market
states are quasi-stationary over a long period of time.

[1] M. C. Miinnix, T. Shimada, R. Schéfer, F. Leyvraz, T. H. Seligman, T. Guhr
and H. E. Stanley, Identifying States of a Financial Market, Scientific Reports 2,
644 (2012), arXiv:1202.1623

[2] A.]. Heckens, S. M. Krause, T. Guhr, Uncovering the Dynamics of Corre-
lation Structures Relative to the Collective Market Motion J. Stat. Mech. 2020,
103402 (2020), arXiv:2004.12336

SOE5.2 Tue14:20 SOEa
Explosive amortization times in the dynamics of photovoltaic implementa-
tion? — ¢eRAOUL SCHMIDT, MALTE SCHRODER, and MARC TIMME — Chair for
Network Dynamics, Institute for Theoretical Physics and Center for Advancing
Electronics Dresden (cfaed), TU Dresden
To combat climate change, renewable energy supply such as through photo-
voltaics (PV) becomes increasingly important. The amortization time of a single
PV unit relates the energy (and CO2) expended for production, transport and
installation of a unit to its electric power generation (and thus potential savings

Location: SOEa

in CO2 emissions). Here, we analyze the CO2 budgeting dynamics of many PV
units continuously added by new installations [1,2]. Intriguingly, the resulting
systemic amortization time necessarily is substantially larger than that of a single
unit. We demonstrate analytically that already at constant installation rate, it al-
ready is twice the amortization time of a single unit, whereas at an exponentially
increasing rate, it may be arbitrarily much larger, with resulting relevant time
scales in between 10 and more than 30 years - potentially beyond the life time
of a PV unit. Intriguingly, evaluating installation data of the past two decades
indicates an exponential installation rate on the global scale that may cause such
explosive increase of CO2 budget amortization times.

[1] N. von der Heydt, DPG Spring Meeting Berlin (2018). [2] R. Schmidt et
al,, in prep. (2021).

SOE5.3 Tuel4:40 SOEa
Should the government reward cooperation? Insights from an agent-based
model of wealth redistribution — FRANK SCHWEITZER, LUCA VERGINER, and
*Gracomo Vaccario — ETH, Zurich, Switzerlan
In our multi-agent model agents generate wealth from repeated interactions for
which a prisoner’s dilemma payoff matrix is assumed. Their gains are taxed by
a government at a rate a. The resulting budget is spent to cover administrative
costs and to pay a bonus to cooperative agents, which can be identified correctly
only with a probability p. Agents decide at each time step to choose either coop-
eration or defection based on different information. In the local scenario, they
compare their potential gains from both strategies. In the global scenario, they
compare the gains of the cooperative and defective sub-populations. We derive
analytical expressions for the critical bonus needed to make cooperation as at-
tractive as defection. We show that for the local scenario the government can es-
tablish only a medium level of cooperation, because the critical bonus increases
with the level of cooperation. In the global scenario instead full cooperation can
be achieved once the cold-start problem is solved, because the critical bonus de-
creases with the level of cooperation. This allows to lower the tax rate, while
maintaining high cooperation.

SOE 6: Nationale Forschungsdateninfrastruktur (NDFI) (joint session BP/CPP/DY/SOE)

Time: Tuesday 17:45-18:30

Details will be published in a programme update.

Location: BPb

SOE 7: Member's Assembly of SOE

Time: Tuesday 19:00-19:40

Location: SOEa

Online Member’s Assembly. The ordinary Annual Member’s Assembly will be held in September.
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SOE 8: Partial Synchronization in Networks (Focus Session joint with DY and BP) (joint session
SOE/DY)

Time: Wednesday 9:00-10:00

SOE8.1 Wed9:00 SOEa
Partial synchronization as a model for uni-hemispheric sleep — <JakUB
Sawickr', Lukas RamLow??, and ECKEHARD ScHOLL® — !Institute of Theo-
retical Physics, Technische Universitiit Berlin, Germany — “Humboldt Univer-
sity of Berlin, Berlin, Germany — >Potsdam Institute for Climate Impact Re-
search, Potsdam, Germany
Uni-hemispheric slow-wave sleep is a dynamical state of the brain where one
hemisphere is asleep while the other remains awake. This state can also be char-
acterized by simultaneous but spatially separated occurrence of high and low
degree of synchronization in the sleeping and the awake hemisphere, respec-
tively. Therefore, this real world phenomenon can be described in terms of par-
tial synchronization characterizing patterns of coexistence of synchronized and
desynchronized parts of a network. Here we investigate the occurrence of par-
tial synchronization patterns in empirical structural connectivities of the hu-
man brain. The connectivities consist of ninety regions of interest using the
Automated Anatomical Labeling (AAL) Atlas, and were derived by magnetic
resonance imaging (MRI) based probabilistic diffusion tractography. The lo-
cal dynamics is modeled by FitzHugh-Nagumo oscillators. We demonstrate un-
der which conditions partial synchronization patterns with respect to the brain
hemispheres can be found.

SOE 8.2 Wed9:20 SOEa
Effect of Topology upon Relay Synchronization in Triplex Neuronal Networks
— oFENJA DRAUSCHKE, IRYNA OMELCHENKO, RICO BERNER, JAKUB SAWICKI,
and ECKEHARD SCHOLL — Institute of Theoretical Physics, Technische Univer-
sitdt Berlin

Location: SOEa

Complex networks consisting of several interacting layers allow for remote syn-
chronization of distant layers via an intermediate relay layer. We investigate
relay synchronization in a three-layer neuronal network and study the effect
of the topology of the layers upon the synchronization scenarios. Introduc-
ing random topologies either in the outer layers or in the middle (relay) layer
leads to an increase of the range of inter-layer coupling strength for which the
relay-synchronized state is preserved, compared with regular nonlocal coupling
topologies.

SOE 8.3 Wed9:40 SOEa

Complexified Kuramoto model - synchrony in the weak coupling regime —
eMoRITZ THUMLER, SHESHAGOBAL SRINIVAS, MALTE SCHROEDER, and MARC
TiMME — TU Dresden, Dresden, Germany
Networks of Kuramoto oscillators constitute paradigmatic models for the emer-
gence of temporal patterns - foremost synchrony - across oscillatory systems.
Here we extend the Kuramoto model to complex dynamical variables. We un-
cover a transition from traditional synchrony emerging for sufficiently large cou-
pling strengths to a second type of synchrony that exists in the weak coupling
regime, i.e. below the coupling required for the real-variable model to synchro-
nize. The new type of synchrony state is known from systems that are not dissi-
pative but conservative, compare [1,2] for relations of the two system types. We
introduce a novel, two dimensional order parameter for networks of N oscillators
that enables us to consistently quantify synchrony.

[1] D. Witthaut and M Timme, Phys. Rev. E 90:032917 (2014)

[2] D. Witthaut et al., Nature Comm. 8:14829 (2017)

SOE 9: Opinion Formation

Time: Wednesday 11:00-12:20

SOE9.1 Wed11:00 SOEa
Social nucleation: From physics to group formation and opinion polariza-
tion — «GEORGES ANDRES and FRANK SCHWEITZER — Chair of Systems Design,
ETH Zurich, Weinbergstrasse 58, 8092 Zurich, Switzerland
Individuals form groups, which subsequently develop larger domains via com-
petition and coalescence. How much have these social processes in common
with established mechanisms of phase transitions in physics? Are nucleation in
metastable systems or spinodal decomposition of thermodynamic phases or per-
colation in porous media suitable paradigms for modeling the emergence of large
social groups? We answer this challenging question by providing an agent-based
model that combines group formation and opinion dynamics in a novel manner.
Opinion formation is a fast process and determines the formation of groups. On
a slower time scale, groups can form larger clusters of various numbers, density
and stability. These clusters can merge, split or rearrange, to develop either com-
pact phases, networks of high modularity, or quasistable cluster distributions.
Dependent on the choice of parameters for opinion dynamics and social influ-
ence, our model can reproduce social phenomena such as consensus, weak or
strong polarization, social networks of various densities or stable minorities.

SOE9.2 Wed11:20 SOEa
Ideological differences in engagement in public debate on Twitter — «FELIX
GAISBAUER, ARMIN POURNAKI, SVEN BANISCH, and ECKEHARD OLBRICH —
Max Planck Institute for Mathematics in the Sciences, Inselstrasse 22, 04103
Leipzig
We analyse public debate on Twitter via network representations of retweets and
replies. We show that through the interplay of the two networks, it is possible
to identify ideological differences in activity patterns between different opinion
groups on the platform. The method is employed to observe public debate about
two events: The Saxon state elections and violent riots in the city of Leipzig in
2019. We show that in both cases, (i) opinion groups differ in their propensities
to get involved in debate, and therefore have unequal impact on public opinion.
Users retweeting far-right parties and politicians are significantly more active,
hence their positions are disproportionately visible. (ii) Said users act signifi-
cantly more confrontational, as becomes visible in the local assortativity distri-
bution of the reply network, while other opinion groups tend to debate largely
amongst themselves.
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SOE9.3 Wed11:40 SOEa
Modeling Opinion Formations in Europe: A new Perspective — «MARTIN
GESTEFELD, JAN LORENZ, NiLs HENSCHEL, and KLAUS BOEHNKE — Jacobs Uni-
versity Bremen, Bremen, Deutschland
In recent years, politics and especially election results appear to be more polar-
ized than in the years before. Empirical evidence for opinion polarization has
been found regarding specific topics but there is still a lack of evidence for a gen-
eral trend in society. The presented work compares the characteristics of various
polarization measurements and determines similarities between them in empiri-
cal data. In an exploratory data analysis of the European Social Survey, individual
responses are analyzed on the left-right political self-placements and similar at-
titudes. By applying a new model, we demonstrate that people who placed their
opinions on a 0 to 10 scale can be split up into five distinct groups. In addition to
this model, we are able to decompose a formal measurement and provide detailed
information on the degree of polarization in each of our distinct groups. Over
the complete data set, cross-topic, cross-country, and time-trends are analyzed
and compared to establish an overview and new perspective on polarization in
Europe.

SOE9.4 Wed12:00 SOEa
Opinion Formation in distributed topologies: the voter model on hierarchi-
cal networks — ¢KATERYNA ISIROVAI’Z, OLEKSANDR POTIIZ, and JENs CHRIS-
TIAN CLAUSSEN! — 1Department of Mathematics, Aston University, Birming-
ham, UK — 2V, N. Karazin Kharkiv National University, Ukraine
The voter model is a paradigmatic stochastic model that has been widely em-
ployed especially for modeling of emergent social phenomena as opinion for-
mation. Consensus formation protocols however also occur in the dynamics of
computer networks, where the verification of nodes may become time-critical
in large networks, and depend on the network topology. In society, consensus
is formed (or not) via messages to neighbours in the network and likewise de-
pends on the network structure. Here, we investigate the average time to consen-
sus in a variety of different hierarchical and other network topologies, namely,
small-world networks, various tree structures and hierarchical networks. For
hierarchical networks, we consider the straightforward generalization where in-
fluencing a node occurs with different probability depending on the direction of
hierarchy. Systemeatic Monte-Carlo simulations show that the average time to
consensus in hierarchical networks is considerably larger than in regular graphs
and small-world networks.
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SOE 10: Transport, Regional and Urban Dynamics

Time: Wednesday 13:00-15:40

SOE 10.1 Wed 13:00 SOEa
Adaptive Stop-Pooling for Sustainable Shared Mobility? — <CHARLOTTE
LoTzE, MALTE SCHRODER, and MARC TIMME — Chair for Network Dynamics,
Institute for Theoretical Physics and Center for Advancing Electronics Dresden
(cfaed), TU Dresden
Ride-sharing - the bundling of simultaneous trips of several people in one ve-
hicle - may help us to reduce the carbon footprint of human mobility [1,2].
Ride-sharing trades reduced total route traveled by vehicles for increased pas-
senger travel times. Yet standard door-to-door ride sharing services come with
the burden of many stops and detours to pick up individual passengers. Requir-
ing some passengers to walk to nearby shared stops may reduce detours yet may
become inefficient if spatio-temporal demand patterns do not well fit the stop
locations. Here, we present a simple model of adaptive, on-demand stop pooling
and analyze its influence on the performance of ride-sharing services. We find
counteracting effects of stop pooling on the number of and distance between
stops, inducing a roughly constant route length despite stop pooling benefits. In-
triguingly, however, stop pooling also reduces the average travel time although
passengers walk parts of their trip. Stop pooling may thus break the trade-off
between route lengths and travel times. We conclude, that dynamic stop pooling
could enable higher sustainability and service quality simultaneously, potentially
also in real world ride sharing systems. References: [1] Molkenthin et al., Scaling
Laws of Collective Ride-Sharing Dynamics, Phys. Rev. Lett. 125:248302 (2020);
[2] Storch et al., Incentive-driven discontinuous transition to high ride-sharing
adoption, arXiv:2008.11079 (2020).

SOE 10.2 Wed 13:20 SOEa
The future of traffic jams: Forward propagating congestion in electric vehicle
charging infrastructure — «PHILIP MARSZAL , MALTE SCHRGDERI, and MARC
TimmE"? — !Chair for Network Dynamics, Center for Advancing Electronics
and Institute for Theoretical Physics, Technical University of Dresden, Dresden,
Germany — *Lakeside Labs, Klagenfurt, Austria
Individual motorized mobility is becoming increasingly electrified. The unique
properties of electric vehicles promise to give rise to new collective traffic flow
dynamics, which are largely unexplored as of now. Here we demonstrate a new
type of congestion in the utilization of charging infrastructure, emerging solely
from correlations in driver’s charging dynamics due to queue-avoidance behav-
ior on long range trips. We explain the formation of forward-propagating con-
gestion waves as phase separation of the traffic flow into free and congested
phases, occurring already before the system reaches its theoretical capacity limit.
While current numbers of electric vehicles compared to available charging sta-
tions are far below the onset of congestion, these results reveal collective dynam-
ics that may influence how future infrastructure supporting sustainable modes
of mobility will be built.

SOE 10.3 Wed 13:40 SOEa
Towards Optimal Bikeability of Urban Mobility Networks — «CHRISTOPH
STEINACKER, DAVID-MAXIMILIAN STORCH, MARC TIMME, and MALTE
SCHRODER — Chair for Network Dynamics, Institute for Theoretical Physics
and Center for Advancing Electronics Dresden (cfaed), TU Dresden
Individual transport in cities is most commonly enabled by private cars, an un-
sustainable status quo both ecologically and socially. On typical urban distance
scales, bicycling constitutes a more sustainable alternative that is broadly ac-
cessible. Yet, insufficient and poorly designed bike path networks often hin-
der more prevalent bike use. Here, we propose an optimisation scheme for bike
path networks that enables smooth and safe bicycle travel in cities. Evaluating
bike-sharing data on millions of city trips, we estimate bike travel demand and
find greatly bike-friendly network topologies. Interestingly, a reverse percola-
tion process that starts from a complete bike path network covering all streets
and systematically lowers the number of bike paths by eliminating least used bi-
cycle paths yields topologies much more suitable than a forward process with
optimised iterative addition of paths. Even just a small number of bike paths,
if chosen wisely, may result in a bike-friendly network. These results may sup-
port the planning of sustainable mobility networks, strongly improving urban
bikeability.

SOE 10.4 Wed 14:00 SOEa
Purely fluctuation-induced congestion in street traffic — sVERENA KraLL!,
Max BUrRG>®, MALTE SCHRODER', and MARC TiMmMmE' — !Chair for Net-
work Dynamics, Center for Advancing Electronics Dresden (cfaed) and Insti-
tute of Theoretical Physics, Technical University Dresden, Germany — *Institute
for Theoretical Physics and Centre for Integrative Neuroscience, University of
Tiibingen, Germany — 3Bernstein Center for Computational Neuroscience,
Tiibingen, Germany
Traffic congestions may emerge spontaneously - out of nowhere. Statistical
physics studies provide both qualitative and quantitative insights, yet so far they
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focused on the consequences of external factors such as street bottlenecks or hu-
man behavioral imperfections. Here we present a simple model of traffic flow
on a street segment in which congestion spontaneously emerges purely due to
fluctuations in the number of incoming vehicles [1]. Agent-based simulations
and analytical estimates indicate that this instability exists even in regimes where
mean field theory predicts stable traffic flow. Our results thus underline the lim-
itations of mean field analysis for predicting the collective nonlinear dynamics
of mobility systems.

[1] V. Krall et al., Number Fluctuations Induce Persistent Congestion, Trans-
port Findings, December 2020. https://doi.org/10.32866/001c.18154.

SOE 10.5 Wed 14:20 SOEa
On the relation between transversal and longitudinal scaling in cities —
«FABIANO L. RIBEIRO — Universidade Federal de Lavras, Lavras, Brazil
Empirical evidence has been shown that some urban variables scale non-linearly
with the city population size. More specifically, some socio-economic variables,
such as the number of patents, wages and GDP, show a super-linear behaviour
with the population of the city. On the other hand, infrastructure variables, such
as the number of gas stations and length of streets, scale sub-linearly with the
city population, generating a scale economy. However, does this scaling proper-
ties observed in a system of cities (transversal scaling) also work for individual
cities in different stages of their growth process (longitudinal scaling)? The an-
swer to this question has important policy implications, but the lack of suitable
data has so far hindered rigorous empirical tests. The work that will be presented
was developed looking at the evolution of two urban variables, GDP and water
network length, for over 5500 cities in Brazil. It will be shown that longitudinal
scaling exponents are city-specific, however they are distributed around an aver-
age value that approaches the transversal scaling exponent provided that the data
is decomposed to eliminate external factors, and only for cities with a sufficiently
high growth rate. This result adds complexity to the idea that the longitudinal
dynamics is a micro-scaling version of the transversal dynamics of the entire
urban system.

SOE 10.6 Wed 14:40 SOEa
Bimodal Transport: Combining Demand Responsive and Public Transport
— eHELGE HEUER, PUNEET SHARMA, STEPHAN HERMINGHAUS, and KNUT M.
HEIDEMANN — Max Planck Institute for Dynamics and Self-Organization, Got-
tingen, Germany
Bimodal Transport describes the combination of traditional Public Transport
(PT), also called Fixed Route Transport (FRT), and Demand Responsive Trans-
port (DRT). In many of the existing DRT services there is the option to share
the rides with other customers to reduce the price and increase the ecological
efficiency of the individual rides. Bimodal Transport aims to combine the flexi-
bility of DRT services with the efficiency of classical line services. An advantage
of shared mobility in general is the comparably low carbon footprint and less
general pollution, resulting from the reduction of active vehicles in comparison
to unshared transportation.

Here we study bimodal transport via simulations on a square lattice. We ana-
lyze the performance of the system under various parameter settings and identify
under which conditions the overall ecological footprint can be minimized while
maintaining satisfactory customer service. Simulations are compared to an ef-
fective analytical theory.

SOE 10.7 Wed 15:00 SOEa
Policy and Innovation Spreading on the Global City Network — NIKLAS
KITZMANNI, JONATHAN DONGESI, XUEMEI BAIZ, PAwEL ROMANCZUK3, and R1-
CARDA WINKELMANN' — !Potsdam Institute for Climate Impact Research, Ger-
many — “Fenner School of Environment & Society, Australian National Uni-
versity, Australia — >Institute for Theoretical Biology, Humboldt University of
Berlin, Germany
In the much-needed global sustainability transformation, cities may play an im-
portant role. Being among the prime drivers of GHG emissions, as well as of
sustainable policy innovation and adoption, cities are known to learn from each
other to reduce, prepare for and react to the coming environmental changes. In
this way, they can be conceptualized as nodes in a globe-spanning learning net-
work, potentially yielding insights into the social tipping dynamics that are so
urgently needed to control the human impacts on the Earth System.

Here, we aim to identify whether network-based contagion effects are domi-
nant in sustainability policy adoption by cities. An attempt is made to approx-
imate the inter-city innovation spreading network using empirical data of the
global air traffic network and other city-to-city connections. We analyze the
spreading of several municipal policies and innovations related to sustainabil-
ity, such as the implementation of Bus Rapid Transit public transport systems, as
contagion processes on these inter-city networks. Surrogate data methods and
a dose-response-contagion approach are used to identify network-spreading-
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correlations. We then investigate the nature of the spreading process by attempt-
ing to reproduce it using generative models.

SOE 10.8 Wed 15:20 SOEa
Indication of correlations between urban scaling and Zipf’s exponent —
HArOLDO V. RIBEIROI, MILENA OEHLERSZ, ANA L MORENO—MONROY3, JURGEN
P. Kropp?>%, and +DIEGO RYBSKI>® — 1Departamento de Fisica, Universidade
Estadual de Maringa, PR 87020-900, Brazil — *Potsdam Institute for Climate
Impact Research - PIK, Member of Leibniz Association, P.O. Box 601203, 14412
Potsdam, Germany — >OECD Centre for Entrepreneurship, SMEs, Regions and
Cities, Honorary Associate, Geography and Planning Department, University of
Liverpool, 2 rue Andre-Pascal, 75016 Paris, France — 4Institute for Environmen-
tal Science and Geography, University of Potsdam, 14476 Potsdam, Germany —
5Department of Environmental Science Policy and Management, University of
California Berkeley, 130 Mulford Hall #3114, Berkeley, CA 94720, USA
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Zipf’s law and urban scaling are two fundamental paradigms researched in ur-
ban science. They have mostly been investigated independently and are per-
ceived as disassociated matters. Here we present a large scale investigation about
the connection between these two laws using population and GDP data from 96
countries. We empirically demonstrate that both laws are tied to each other and
derive an expression relating the exponents, capturing the main tendency of the
empirical relation. Simulations yield very similar results to the real data after ac-
counting for fluctuations. Our research puts forward the idea that urban scaling
of GDP does not solely emerge from intra-city processes.
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