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Invited Talks

DY 2.1 Mon 9:30–10:00 BH-N 243 Chemical warfare and survival strategies in bacterial range expan-
sions — Markus F Weber, Gabriele Poxleitner, Elke Hebisch,
Erwin Frey, ∙Madeleine Opitz

DY 9.1 Mon 15:00–15:30 BH-N 243 universal statistics of records in random sequences — ∙satya ma-
jumdar

DY 14.1 Tue 9:30–10:00 BH-N 243 Basins of Attraction for Chimera States — ∙Erik Andreas
Martens, Mark Panaggio, Daniel Abrams

DY 14.2 Tue 10:00–10:30 BH-N 243 Hysteretic transitions and chaotic chimera states in networks of
Kuramoto oscillators with inertia — ∙Simona Olmi

DY 14.3 Tue 10:30–11:00 BH-N 243 Transient amplitude chimeras: the impact of time delay and noise
— ∙Anna Zakharova, Julien Siebert, Sarah Loos, Aleksandar
Gjurchinovski, Eckehard Schöll

DY 26.1 Wed 9:30–10:00 BH-N 243 Elusiveness of experimental evidence for directed percolation crit-
ical behavior — ∙Hugues Chaté

DY 26.2 Wed 10:00–10:30 BH-N 243 Spatio-temporal dynamics in pipe flow and boundary layers —
∙Bruno Eckhardt

DY 27.1 Wed 9:30–10:00 BH-N 334 On the use and abuse of thermodynamic entropy — ∙Peter Hänggi,
Joern Dunkel, Stefan Hilbert

DY 32.1 Wed 15:00–15:30 BH-N 243 Turbulence and Instantons — Tobias Grafke, ∙Rainer Grauer,
Tobias Schäfer, Stephan Schindel, Eric Vanden-Eijnden

DY 32.6 Wed 16:45–17:15 BH-N 243 Particle motion and irreversibility of turbulent flows — ∙Alain
Pumir, Haitao Xu, Jennifer Jucha, Eberhard Bodenschatz

DY 41.1 Thu 9:30–10:00 BH-N 334 Ultrasoft particles under out-of-equilibrium conditions —
∙Gerhard Kahl

DY 42.1 Thu 9:30–10:00 BH-N 128 Time-delayed feedback control of self-organized structures in dissi-
pative systems — ∙Svetlana Gurevich, Felix Tabbert, Alexander
Kraft

DY 50.1 Thu 15:00–15:30 BH-N 243 Branched Flows, Extreme Waves and the Random Focusing of
Tsunami Waves — ∙Ragnar Fleischmann

DY 51.1 Thu 15:00–15:30 BH-N 334 Melting of soft disks: From liquid-hexatic coexistence to continu-
ous transitions — ∙Sebastian C. Kapfer, Manon Michel, Werner
Krauth

DY 65.1 Fri 9:30–10:00 BH-N 243 The ”shear-gradient concentration coupling instability”: non-
uniform flow of sheared hard-sphere glasses. — ∙Jan K.G. Dhont

DY 65.2 Fri 10:00–10:30 BH-N 243 Active anisotropic fluids — ∙Sriram Ramaswamy
DY 65.3 Fri 10:30–11:00 BH-N 243 Flow properties of anisotropic fluids — ∙Sebastian Heidenreich,

Sabine H. L. Klapp, Markus Bär
DY 65.4 Fri 11:00–11:30 BH-N 243 Concluding Remarks — ∙Siegfried Hess
DY 66.1 Fri 9:30–10:00 BH-N 334 Demographic perspectives on the evolution of senescence —

∙Annette Baudisch
DY 66.2 Fri 10:00–10:30 BH-N 334 Biological mechanisms of aging — ∙Björn Schumacher
DY 66.3 Fri 10:30–11:00 BH-N 334 Aging in out-of-equilibrium systems: an overview — ∙Jean-

Philippe Bouchaud
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DY 66.4 Fri 11:00–11:30 BH-N 334 Aging in coarsening systems with non-algebraic growth laws —
∙Michel Pleimling

Invited talks of the joint symposium SYNP
See SYNP for the full program of the symposium.

SYNP 1.1 Tue 9:30–10:00 H 0105 Connectomics: The dense reconstruction of neuronal circuits —
∙Moritz Helmstädter

SYNP 1.2 Tue 10:00–10:30 H 0105 Whole-brain imaging and analysis of network activity in behaving
zebrafish — ∙Misha Ahrens

SYNP 1.3 Tue 10:30–11:00 H 0105 Circuit neurophysics: Theory and biophysics of information-flow
through large-scale neuronal systems — ∙Fred Wolf

SYNP 1.4 Tue 11:15–11:45 H 0105 Cognitive devices based on ion currents in oxide thin films — ∙Stuart
Parkin

SYNP 1.5 Tue 11:45–12:15 H 0105 Distributed neuro-physical interfaces: technology and ”exciting” bio-
physics — ∙Shy Shoham

Invited talks of the joint symposium SYPS
See SYPS for the full program of the symposium.

SYPS 1.1 Wed 9:30–10:00 H 0105 Anticipating and avoiding tipping points — ∙Timothy M. Lenton
SYPS 1.2 Wed 10:00–10:30 H 0105 Climate investment under uncertainty: the two degree target and

the desire for dynamic consistency — ∙Hermann Held, Delf Neu-
bersch

SYPS 1.3 Wed 10:30–11:00 H 0105 What are the resources required to fulfil human needs? — ∙Julia
Steinberger

SYPS 1.4 Wed 11:15–11:45 H 0105 Design of Sustainable Supply Chains for Sustainable Cities — ∙Anna
Nagurney

SYPS 1.5 Wed 11:45–12:15 H 0105 Ecological econophysics for degrowth — ∙Salvador Pueyo

Invited talks of the joint symposium SYHM
See SYHM for the full program of the symposium.

SYHM 1.1 Wed 15:00–15:30 H 0105 Amplitude or Higgs Modes in Condensed Matter — ∙Chandra
Varma

SYHM 1.2 Wed 15:30–16:00 H 0105 Higgs Particles for Systems with U(1) Symmetry in Two Dimen-
sions — ∙Lode Pollet

SYHM 1.3 Wed 16:00–16:30 H 0105 Massive Photons and the Anderson-Higgs Mechanism in Supercon-
ductors — ∙Dirk van der Marel

SYHM 1.4 Wed 16:45–17:15 H 0105 Amplitude Higgs Mode in 2𝐻-NbSe2 Superconductor — ∙Marie-
Aude Méasson, Romain Grasset, Yann Gallais, Max Cazayous,
Alain Sacuto, Pierre Rodière, Laurent Cario

SYHM 1.5 Wed 17:15–17:45 H 0105 The Higgs Mode in Disordered Superconductors Close to a Quan-
tum Phase Transition — ∙Aviad Frydman, Daniel Sherman, Uwe S.
Pracht, Boris Gorshunov, Martin Dressel

Sessions

DY 1.1–1.3 Sun 16:00–18:30 H 0104 Tutorial: From spin models to macroeconomics (joint tutorial
SOE/ DY/ jDPG)

DY 2.1–2.9 Mon 9:30–12:15 BH-N 243 Statistical Physics in Biological Systems (joint session DY/
BP/CPP)

DY 3.1–3.9 Mon 9:30–12:00 BH-N 334 Anomalous Diffusion (joint session DY/ CPP)
DY 4.1–4.11 Mon 9:30–12:30 BH-N 128 Granular Matter / Contact Dynamics Part I
DY 5.1–5.12 Mon 9:30–12:45 C 130 Colloids and Complex Liquids I (joint session CPP/ BP/ DY)
DY 6.1–6.7 Mon 9:30–11:30 PC 203 Crystallization, Nucleation and Self Assembly I (joint session

CPP/ DY)
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DY 7.1–7.12 Mon 9:30–13:00 H 0104 Correlated Electrons: Nonequilibrium Quantum Many-Body
Systems 1 (joint session TT/ DY)

DY 8.1–8.4 Mon 12:15–13:15 MA 001 Networks - From Topology to Dynamics Part I (joint session
SOE/ DY / BP)

DY 9.1–9.13 Mon 15:00–18:45 BH-N 243 Brownian Motion and Transport (Joint session DY/ CPP/
TT)

DY 10.1–10.13 Mon 15:00–18:30 BH-N 334 Quantum Dynamics, Decoherence and Quantum Information
(joint session DY/ TT)

DY 11.1–11.14 Mon 15:00–18:45 C 130 Colloids and Complex Liquids II (joint session CPP/ DY)
DY 12.1–12.6 Mon 15:30–17:00 BH-N 128 Granular Matter / Contact Dynamics Part II
DY 13.1–13.9 Mon 15:45–18:30 PC 203 Crystallization, Nucleation and Self Assembly II (joint ses-

sion CPP/ DY)
DY 14.1–14.8 Tue 9:30–12:30 BH-N 243 Focus Session: Chimera states: symmetry-breaking in dy-

namical networks (joint session DY/ BP)
DY 15.1–15.11 Tue 9:30–12:30 BH-N 334 Statistical Physics - general
DY 16.1–16.11 Tue 9:30–12:30 BH-N 128 Microswimmers - Part I (joint session DY/ BP/ CPP)
DY 17.1–17.9 Tue 9:30–12:00 BH-N 333 Modeling and Data Analysis
DY 18.1–18.8 Tue 9:30–13:00 H 0104 Focus Session: Dynamics in Many-Body Systems: Equilibra-

tion and Localization (joint session TT/DY)
DY 19.1–19.10 Tue 9:30–12:15 A 053 Transport: Graphene (joint session TT/ CPP/ DS/ DY/

HL/ MA/ O)
DY 20.1–20.10 Tue 10:15–13:15 MA 001 Focus Session: Complex Contagion Phenmomena (joint ses-

sion SOE/ DY/ BP)
DY 21.1–21.8 Tue 14:00–16:00 H 3010 Correlated Electrons: Nonequilibrium Quantum Many-Body

Systems 3 (joint session TT/ DY)
DY 22.1–22.9 Tue 14:00–16:15 MA 001 Evolutionary Game Theory II (joint session SOE/ BP/ DY)
DY 23.1–23.7 Tue 14:30–16:15 BH-N 243 Reaction-Diffusion Systems
DY 24.1–24.6 Tue 14:30–16:00 BH-N 334 Quantum Chaos (joint session DY/ TT)
DY 25.1–25.5 Tue 15:00–16:15 BH-N 128 Nonlinear Stochastic Systems
DY 26.1–26.9 Wed 9:30–12:30 BH-N 243 Focus Session: Percolation and turbulent transition
DY 27.1–27.9 Wed 9:30–12:15 BH-N 334 Statistical Physics far from Thermal Equilibrium - Part I
DY 28.1–28.9 Wed 9:30–12:00 BH-N 128 Nonlinear Dynamics, Synchronization and Chaos - Part I
DY 29.1–29.12 Wed 9:30–13:15 H 1028 Statistical Physics of Biological Systems - Part II (joint ses-

sion BP/DY/CPP)
DY 30.1–30.5 Wed 9:30–12:15 H 0105 SYPS: Physics of Sustainability and Human-Nature Interac-

tions (joint symposium SOE/ AKE/ BP/ DY/ jDPG)
DY 31.1–31.5 Wed 11:30–12:45 H 3005 Transport: Fluctuations and Noise (joint session TT/ CPP/

DY)
DY 32.1–32.12 Wed 15:00–18:45 BH-N 243 Focus Session: Statistics of fully developed turbulence
DY 33.1–33.12 Wed 15:00–18:15 BH-N 334 Critical Phenomena and Phase Transitions
DY 34.1–34.5 Wed 15:00–16:15 BH-N 128 Nonlinear Dynamics, Synchronization and Chaos - Part II
DY 35.1–35.7 Wed 15:00–16:45 BH-N 333 Complex Fluids and Soft Matter - Part I (joint session DY/

CPP / BP)
DY 36.1–36.5 Wed 15:00–17:45 H 0105 SYHM Higgs Modes in Condensed Matter and Quantum

Gases
DY 37.1–37.5 Wed 15:00–16:30 A 151 Fluctuating Electricity Supply: Modelling of Generation,

Backup and Storage (joint session AKE / DY / SOE)
DY 38.1–38.12 Wed 15:00–18:15 C 243 Wetting, Micro and Nanofluidics (joint session CPP/ DY)
DY 39.1–39.12 Wed 15:00–18:30 C 264 Flow-Induced Structures in Complex Fluids (joint session

CPP/ DRG, Deutsche Rheologische Gesellschaft/ DY)
DY 40.1–40.6 Wed 16:45–18:30 MA 001 Physics of Sustainability and Human-Nature Interactions -

Part I (joint session SOE/ DY/ jDPG/ BP/ AKE)
DY 41.1–41.7 Thu 9:30–11:45 BH-N 334 Complex Fluids and Soft Matter - Part II (joint session DY/

CPP / BP)
DY 42.1–42.5 Thu 9:30–11:00 BH-N 128 Delay and Feedback Dynamics
DY 43.1–43.12 Thu 9:30–12:45 BH-N 243 Energy Systems and Power Grid (joint session DY/ AK En-

ergy /SOE)
DY 44.1–44.10 Thu 9:30–12:15 BH-N 333 Pattern Formation
DY 45.1–45.11 Thu 9:30–13:00 C 243 Focus: Disordered Systems, Glasses under Shear I (joint ses-

sion CPP/ DY)
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DY 46.1–46.9 Thu 9:30–12:00 C 264 Flow-Induced Structures in Complex Fluids - Part II (joint
session CPP/ DRG, Deutsche Rheologische Gesellschaft/
DY)

DY 47.1–47.6 Thu 9:30–11:15 H 2053 Superconductivity: Higgs Modes in Condensed Matter and
Quantum Gases (joint session TT/ DY/ MA/ O)

DY 48.1–48.5 Thu 12:00–13:15 MA 001 Networks: From Topology to Dynamics - Part II (joint ses-
sion SOE/ DY/ BP)

DY 49.1–49.5 Thu 12:00–13:15 MA 001 Dynamics on and of Networks (joint session SOE/ DY / BP)
DY 50.1–50.7 Thu 15:00–17:00 BH-N 243 Extreme Events (joint session DY/ SOE)
DY 51.1–51.6 Thu 15:00–16:45 BH-N 334 Complex Fluids and Soft Matter - Part III (joint session DY/

CPP / BP)
DY 52.1–52.9 Thu 15:00–17:30 BH-N 128 Glasses and Glass transition (joint session DY/ DF/ CPP)
DY 53.1–53.5 Thu 15:30–17:00 C 243 Focus: Disordered Systems/Glasses under Shear (joint ses-

sion CPP/ DY)
DY 54.1–54.7 Thu 15:45–18:00 PC 203 Microswimmers, Active Liquids - Part II (joint session CPP/

BP/ DY)
DY 55.1–55.6 Thu 16:00–18:00 Poster A Poster - Quantum Systems
DY 56.1–56.23 Thu 16:00–18:00 Poster A Poster - Statistical Physics
DY 57.1–57.16 Thu 16:00–18:00 Poster A Poster - Diffusion
DY 58.1–58.14 Thu 16:00–18:00 Poster A Poster - Fluids
DY 59.1–59.7 Thu 16:00–18:00 Poster A Poster - networks
DY 60.1–60.9 Thu 16:00–18:00 Poster A Poster - complex systems and data analysis
DY 61.1–61.4 Thu 16:00–18:00 Poster A Poster - Glasses
DY 62.1–62.24 Thu 16:00–18:00 Poster A Poster - Dynamics
DY 63.1–63.5 Thu 17:00–18:30 MA 001 Physics of Sustainability and Human-Nature Interactions II

(joint session SOE/ DY/ jDPG/ BP)
DY 64 Thu 18:00–19:00 BH-N 334 Annual General Meeting of the Dynamics and Statistical

Physics Division
DY 65.1–65.4 Fri 9:30–11:30 BH-N 243 Special Session in Honor of the 75th Birthday of Siegfried

Hess: Non-equilibrium dynamics of anisotropic fluids
DY 66.1–66.6 Fri 9:30–12:00 BH-N 334 Focus Session: Aging in Physical and Biological Systems

(joint session DY/ BP)
DY 67.1–67.12 Fri 9:30–12:45 BH-N 128 Networks: From Topology to Dynamics (joint session DY/

BP/SOE)
DY 68.1–68.7 Fri 9:30–11:15 C 243 Glasses and Glass Transition (joint session CPP/ DF/ DY)
DY 69.1–69.10 Fri 9:30–12:15 H 1058 Complex Fluids and Soft Matter (joint session BP/DY/CPP)
DY 70.1–70.7 Fri 9:30–11:30 C 264 Microswimmers, Active Liquids - Part III (joint session

CPP/ BP/ DY)

Annual General Meeting of the Dynamics and Statistical Physics Division

Donnerstag 18:00–19:00 BH-N 334

∙ Bericht

∙ Wahl

∙ Verschiedenes
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DY 1: Tutorial: From spin models to macroeconomics (joint tutorial SOE/ DY/ jDPG)
Formulated as a minimal model of ferromagnets, the Lenz-Ising model received a recent renaissance
serving as paradigmatic basis for the formulation and analysis of models of social and economic be-
haviour. Prominent examples are microscopic market and price formation models incorporating herding
behaviour of the economic agents and leading to nonlinear and nonequilibrium macroeconomic dynam-
ics. The Sznajd-Weron opinion formation model introduced spin models with outflow kinetics into
quantitative social modeling. Finally, the macroscopic (replicator) equations of evolutionary game the-
ory again can be based on microscopic (Glauber-like) reaction kinetics for discretized behavioral states,
whereby the payoffs from the neighborhood resemble a local meanfield. This series of tutorial lectures
shows that methods adapted from statistical phyics can serve as concepts in quantitative social and eco-
nomic theories and are worth the effort of bridging the disciplines, which includes properly connecting
to economic frameworks. (Session compiled by Jens Christian Claussen.)

Time: Sunday 16:00–18:30 Location: H 0104

Tutorial DY 1.1 Sun 16:00 H 0104
Economics in a nutshell, for physicists — ∙Sylvie Geisendorf
— ESCP Europe Berlin
The talk explains why and how the economic mainstream, the theory
of neoclassical economics, is based on the idea of Newtonian physics.
It also discusses why a real Newtonism would probably have been a
good idea and where economists deviate from it.

Although modern economists rarely refer to physics, economic the-
ory is based on Newtons idea of universal gravity. Following Newtons
discovery, physics became an exact science with rigorous mathematical
descriptions. In physics, Newton marked the beginning of the era of
rational mechanics. Society was fascinated by Newtons insights and
economists based their theory on classical mechanics with the explicit
aim to make economics a rational science as well. But instead of adopt-
ing Newtons laws of motion they employed the simplified principle of
general maximization. Whereas the laws of motion name the forces
acting in a system, optimization calculus only deduces the final out-
come. Even in physics, the realization of global minima or maxima is
only possible under specific conditions. In economics, where actions
of bounded rational agents have to be considered, these conditions are
even rarer. The talk argues that a real Newtonian approach could
have moderated the current lack of contact with reality, economic the-
ory displays, and could have facilitated the necessary transition to an
evolutionary theory of the economy.

Tutorial DY 1.2 Sun 16:50 H 0104
Connecting microscopic behavioral economics to macroscopic
financial market models — ∙Sebastian M. Krause — Rudjer
Boskovic Institute, Zagreb, Croatia
Time series of prices show the stylized facts of broadly distributed price
jumps which occur clustered. This has serious implications for the ac-
cumulation of risk. Macroscopic price evolution models for estimating
risk are commonly used. They extend the random walk by including
auxiliary volatility variables to model time dependent volatility. On
the other hand, agent based models that include behavioral insights
are used to enlighten the mechanisms behind stylized facts. This could
help to predict crashes and to improve market regulation.

After briefly illustrating this background, I discuss a way of inter-
connecting these two strands of research. Using an agent based model

with herding, I exemplify a general recipe for finding macroscopic mod-
els numerically: A macroscopic variable which might control volatility
is identified; The stochastic process ruling this volatility variable is
measured, using the numeric evolution of the microscopic model. This
procedure is suitable for models with puzzling emergent behavior, as
well as for complicated models with many parameters. The resulting
macroscopic price evolution model can be much simpler, allowing for
proceeding investigations. Therefore, the field of agent based modeling
profits from a macroscopic description. Another advantage is the mi-
crofoundation of macroscopic financial market models which are so far
pure phenomenological. The auxiliary volatility variable can inherit a
clear behavioral meaning from the microscopic model.

Tutorial DY 1.3 Sun 17:40 H 0104
You are a young and aspiring physicist. Is working at the
interface with economics a good idea? — ∙Tobias Galla —
Theoretical Physics, School of Physics and Astronomy, The University
of Manchester, Manchester M13 9PL, UK
The terms econophysics and sociophysics describe research in which
physicists apply their ideas and methods to problems in economics
and the social sciences. What do you have to know about the field to
find your own answer to the question in the title? Well, one way is to
talk to as many ‘older’ physicists as possible who have worked in this
area, and then to form your own opinion. In this tutorial I will give you
my personal assessment of what physicists can contribute to the field
of economics, and comment on why they cannot contribute as easily
as it may seem. We will discuss the main achievements of physicists,
for example the detection of non-Gaussian features and long-range cor-
relations in financial data, theories of market impact, non-equilibrium
ideas and bottom-up models of game theory, decision making and mar-
ket microstructure. At the same time you will hear about the things
physicists have not achieved (despite occasional claims to the con-
trary). I will then present some of our own work on chaotic dynamics
in the learning of complicated games and discuss the potential conse-
quences this has for agent-based market models, and the limitations
of our work. In the final part of the tutorial I will comment on the
potential hurdles young physicists moving into this area might want to
be aware of, and I will highlight the potentials and benefits of working
in this field.
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DY 2: Statistical Physics in Biological Systems (joint session DY/ BP/CPP)

Time: Monday 9:30–12:15 Location: BH-N 243

Invited Talk DY 2.1 Mon 9:30 BH-N 243
Chemical warfare and survival strategies in bacterial range
expansions — Markus F Weber, Gabriele Poxleitner, Elke
Hebisch, Erwin Frey, and ∙Madeleine Opitz — Center for
NanoScience, Faculty of Physics, Ludwig-Maximilians-Universität
München, Munich, Germany
Spreading of species into uncolonized territory is a fundamental eco-
logical process in the evolution and maintenance of biological diver-
sity. Although interactions between species have experimentally been
identified as major determinants of species coexistence in spatially ex-
tended populations, their role in spatially expanding populations is
largely unknown. Here, we address the roles of resource and inter-
ference competition by genetically tuning a bacterial model system
of three Escherichia coli strains: a toxin (colicin) producing strain, a
sensitive strain, and a resistant strain. We show that maintenance of
biodiversity is determined by three strongly interdependent ecological
factors: the relative ratio of the competing strains, their growth rates
and the strength of toxicity. Our mathematical analysis suggests, that
despite general expectations, a non-hierarchical interaction network is
not a necessary prerequisite for biological diversity. Moreover, we find
that robust three-strain coexistence requires a balance between growth
rates and a small enough toxicity range or, alternatively, a reduced ini-
tial ratio of the colicin-producing strain. We expect that the approach
presented in this study will be useful to identify further mechanisms
for the maintenance of biodiversity in microbial communities.

DY 2.2 Mon 10:00 BH-N 243
A New Dimension: The Influence of Two Dimensional Niche
Space on Evolutionary Food Web Models — ∙Daniel Ritter-
skamp and Bernd Blasius — ICBM, University Oldenburg, Germany
Food webs encode feeding interactions of ecological communities, orig-
inating from an intricate interplay of evolutionary and ecological pro-
cesses. This dynamic can be described by evolutionary food web mod-
els, in which feeding interactions between species are related to the
relative distance of their adaptive traits (e.g., body size) on a niche
axis. However, not much is known about evolutionary food web dy-
namics in space.

Here, we go beyond traditional approaches and develop an evolu-
tionary food web model in a two dimensional niche space, where the
additional niche axis might describe a spatial coordinate or an envi-
ronmental variable. Using numerical simulations, we investigate popu-
lation dynamics, evolutionary behaviour and the emerging community
structure in space. The model is able to produce both static and dy-
namic food webs, depending on the width of the interaction kernel;
whereas food web complexity is determined mainly by the interaction
strength.

We observe rich dynamics including: spatio-temporal patterns, arms
races, red queen dynamics, as well as sub-food webs moving in space.
By sampling the spatial axis, local food webs are recovered, which
can be related to empirical data. We conclude that the additional
niche-dimension is essential to capture realistic patterns of spatially
structured food webs.

DY 2.3 Mon 10:15 BH-N 243
Biodiversity and ecosystem functioning in evolving food webs
— ∙Korinna T. Allhoff and Barbara Drossel — TU Darmstadt,
Germany
We analyze an evolutionary food web model where each species is char-
acterized by three traits, namely its own body mass, its preferred prey
body mass, and the width of its potential prey body mass spectrum.
Population dynamics includes feeding and competition interactions
and determines which species are viable and which ones go extinct.
On a timescale much slower than population dynamics, new species
emerge as modifications of existing species. The network structure
emerges according to the interplay between population dynamics and
evolutionary rules and shows an ongoing species turnover. The model
thus gives insights into how the functional diversity changes during
the initial network buildup as well as due to extinction avalanches.
We investigate the relation between the functional diversity and five
community level measures of ecosystem functioning. These are the
metabolic loss of the predator community, the total biomasses of the
basal and the predator community and the consumption rates on the

basal community and within the predator community.

DY 2.4 Mon 10:30 BH-N 243
Efficiency of cellular information processing — ∙David Har-
tich, Andre C. Barato, and Udo Seifert — II. Institut für Theo-
retische Physik, Stuttgart, Germany
We study theoretical models inspired by the E. coli sensory network,
using the framework of stochastic thermodynamics for bipartite sys-
tems [1]. More precisely, we model the sensory system by an internal
process measuring an external process, which is a ligand concentration
jumping at random between two values. We show that the rate of con-
ditional Shannon entropy reduction, characterizing the learning of the
internal process about the external process, is bound by the thermody-
namic entropy production [2]. This approach allows for the definition
of an informational efficiency that can be used to study cellular in-
formation processing. We start with a simple model for which ATP
must be consumed so that a protein inside the cell can learn about the
external environment. A further discussion illustrates, inter alia, that
a non-zero learning rate without dissipation inside the cell can only be
obtained if the external process compensates for it.

[1] DH, ACB and US, J. Stat. Mech., P02016 (2014)
[2] ACB, DH and US, New J. Phys. 16, 103024 (2014)

DY 2.5 Mon 10:45 BH-N 243
Tackling your free energy estimates with pyfeat — ∙Antonia
Mey, Christoph Wehmeyer, Fabian Paul, Hao Wu, and Frank
Noé — Institut für Mathematik, FU Berlin
Understanding the equilibrium properties of physical systems is of gen-
eral interest in many different areas of physics. In complex systems,
equilibrium properties can often only be evaluated by means of numer-
ical simulations, which are frequently plagued by rare event dynamics.
One approach to circumvent rare event dynamics is to use enhanced
sampling methods (e.g. replica exchange methods or umbrella sam-
pling).

The range of established analysis methods to optimally estimate
equilibrium properties from multi-ensemble simulations often requires
an expert user for their implementation or even usage. Here, we
introduce a new software package, the python free energy analysis
toolkit – pyfeat, that facilitates the analysis of multi-ensemble sim-
ulation. Pyfeat provides an easy-to-use interface to well established
methods such as WHAM or MBAR, as well as the recently introduced
transition-based reweighting analysis methods (TRAM), which borrow
ideas from Markov state models. The software’s straight forward us-
ability makes comparing different estimation method applied to the
same input data trivial.

Generally, any multi-ensemble simulation can be used for the anal-
ysis ranging from all-atom protein molecular dynamics simulations to
simulations of condensed matter systems. Pyfeat is available for down-
load at: https://github.com/markovmodel/pyfeat.

15 min. break

DY 2.6 Mon 11:15 BH-N 243
Lateral domain formation in membranes coupled to curva-
ture — ∙Sina Sadeghi, Marcus Müller, and Richard Vink —
Institute of Theoretical Physics, Georg-August-Universität Göttingen,
Göttingen, Germany
The lateral heterogeneity in the plasma membrane of eukaryotic cells
is an important factor for regulating biological functions. As opposed
to plasma membranes, model membranes (either artificially prepared
membranes, or membranes extracted from living cells) typically phase
separate. To address this paradox, we present computer simulations of
a coarse-grained membrane model that undergoes macroscopic phase
separation at low temperature. Considering a coupling between local
composition and local curvature of the membrane, we show that the
system exhibits composition fluctuations with a nontrivial length scale,
resembling microemulsion. The latter is identified as a region where
lipid rafts can form. We furthermore probe the nature of phase tran-
sition between the phase-separating regime and the mixed state. This
transition is continuous and belongs to the two-dimensional Ising uni-
versality class for weak coupling to curvature, but becomes first-order
for strong curvature-composition coupling.
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DY 2.7 Mon 11:30 BH-N 243
DNA denaturation transition: environmental effects on
scaling — ∙Christian von Ferber1 and Yurij Holovatch2 —
1Coventry University, UK — 2Institute for Condensed Matter Physics,
National Academy of Sciences of Ukraine, Lviv, UA
The Poland and Scheraga model for the DNA denaturation transition
is reconsidered taking into account environmental effects. We apply
field theoretical methods to discuss environmental effects on the na-
ture of the transition. In particular we discuss variants of the transition
that may occur due to particular properties of the environment. These
are the presence of uncorrelated and power-law long-range correlated
disorder which influences the transition as function of the power law
exponent, the quality of the solution which may affect the self- and
mutual interaction of both single and double strands and combination
of these. All these have significant effects on the transition.

DY 2.8 Mon 11:45 BH-N 243
Variational approach to molecular dynamics — ∙Bettina
Keller — Freie Universität Berlin, Institut für Chemie und Bio-
chemie, Takustraße 3, 14195 Berlin
The eigenvalues and eigenfunctions of the classical molecular dynamics
propagator contain the essential information about the molecular ther-
modynamics and kinetics. A matrix representation of the propagator
can be constructed by partitioning the conformational space into dis-
crete states and estimating the state-to-state transition probabilities
from molecular dynamics simulations, yielding a so-called Markov state
model (MSM). The precision of an MSM depends sensitively on on how
well the discretization reproduces the shape of the dominant eigenfunc-
tions. The difficulty to find a suitable discretization has limited the
routine use of MSMs. Moreover, most discretizations are data-driven,

impairing the comparison between MSMs and the interpretation of the
eigenvectors in terms of structural transitions.

Using a recently published variational approach, it is possible to
construct a matrix representation of the propagator using an arbitrary
basis set, allowing to use basis functions with gentle slopes. This re-
duces the discretization error. More importantly, the user can define
basis sets which have a chemical meaning and can be used for entire
classes of molecules, thereby allowing for direct comparison of the ki-
netic models. I will give an overview of the variational principle for
the classical molecular dynamics propagator and propose a basis set
for peptide dynamics which is based on the dominant eigenfunctions
of individual amino acids

DY 2.9 Mon 12:00 BH-N 243
Simple association-dissociation-aging process: recursive solu-
tion — ∙Thomas Niedermayer and Reinhard Lipowsky — Max
Planck Institute of Colloids and Interfaces, Potsdam, Germany
The simple association-dissociation-aging process (SADAP) is char-
acterized by the coupling of stochastic growth and shrinkage of one-
dimensional structures to the random aging of the constituting sub-
units. Most prominently, SADAPs capture the essential features of the
polymerization of actin filaments and microtubules. Previously em-
ployed mean field methods fail to describe the dynamics of SADAPs.
We found an ansatz for the full master equation which allows us to
study SADAPs analytically and derive a recursion relation for the
steady state solution which enables the calculation of all emergent
quantities with increasing accuracy. In particular, our method allows,
for the first time, the precise calculation of the boundary between the
growth and shrinkage regime, in excellent agreement with results from
stochastic simulations.

DY 3: Anomalous Diffusion (joint session DY/ CPP)

Time: Monday 9:30–12:00 Location: BH-N 334

DY 3.1 Mon 9:30 BH-N 334
Anomalous diffusion in corrugated potentials with spatial
correlations: faster than normal, and other surprises — ∙Igor
Goychuk — Institute for Physics and Astronomy, University of Pots-
dam, Karl-Liebknecht-Str. 24/25, 14476 Potsdam-Golm, Germany
Normal diffusion in corrugated potentials with spatially uncorre-
lated Gaussian energy disorder famously explains the origin of non-
Arrhenius exp[−𝜎2/(𝑘𝐵𝑇 )

2] temperature-dependence in disordered
systems. We show [1] that unbiased diffusion remains asymptotically
normal also in the presence of spatial correlations decaying to zero.
However, due to a temporal lack of self-averaging transient subdiffu-
sion emerges on mesoscale, and it can readily reach macroscale even
for moderately strong disorder fluctuations of 𝜎 ∼ 4 − 5 𝑘𝐵𝑇 . Due
to its nonergodic origin such subdiffusion exhibits a large scatter in
single trajectory averages. However, at odds with intuition, it occurs
essentially faster than one expects from the normal diffusion in the ab-
sence of correlations. We apply these results to diffusion of regulatory
proteins on DNA molecules and predict that such diffusion should be
anomalous, but much faster than earlier expected on a typical length
of genes for a realistic energy disorder of several room 𝑘𝐵𝑇 , or merely
0.05− 0.075 eV.

[1] I. Goychuk and V. Kharchenko, Phys. Rev. Lett. 113, 100601
(2014).

DY 3.2 Mon 9:45 BH-N 334
Path Probabilities of Continuous Time Random Walks —
∙Stephan Eule — MPI fuer Dynamik und Selbstorganisation
Employing the path integral formulation of a broad class of anomalous
diffusion processes, we derive exact relations for path probability den-
sities of these processes. In particular, we obtain a closed analytical
solution for the path probability distribution of a Continuous Time
Random Walk (CTRW) process. This solution is given in terms of
its waiting time distribution and short time propagator of the corre-
sponding random walk as a solution of a Dyson equation. Applying
our analytical solution we derive generalized Feynman-Kac formulae.

DY 3.3 Mon 10:00 BH-N 334
Nonergodicity in scaled Brownian motion — ∙Felix Thiel and

Igor M. Sokolov — Institut für Physik der Humboldt Universität
zu Berlin: Newtonstraße 15, 12489 Berlin, Deutschland
Scaled Brownian motion (sBm) is a random process described by a
diffusion equation with explicitly time-dependent diffusion coefficient
(Batchelor’s equation), which is often used for fitting experimental
data for subdiffusion of unclear genesis. We show that it describes the
rescaled mean position of a cloud of independent continuous time ran-
dom walkers. Like the latter, sBm is neither stationary nor ergodic.
Unlike continuous time random walks, the nonergodicity of sBm is not
accompanied by a strong difference between its different realizations:
its heterogeneity (”ergodicity breaking”) parameter tends to zero for
long trajectories.

DY 3.4 Mon 10:15 BH-N 334
Understanding and Controlling Regime Switching in Molec-
ular Diffusion — ∙Sarah Hallerberg1 and Astrid S. de Wijn2

— 1Network Dynamics, Max Planck Institute for Dynamics and Self-
Organization, 37077 Göttingen — 2Department of Physics, Stockholm
University
Diffusion can be strongly affected by ballistic flights (long jumps) as
well as long-lived sticking trajectories (long sticks). Using statistical
inference techniques in the spirit of Granger causality, we investigate
the appearance of long jumps and sticks in molecular-dynamics sim-
ulations of diffusion in a prototype system, a benzene molecule on
a graphite substrate. We find that specific fluctuations in certain,
but not all, internal degrees of freedom of the molecule can be linked
to either long jumps or sticks. Furthermore, by changing the preva-
lence of these predictors with an outside influence, the diffusion of the
molecule can be controlled. The approach presented in this proof of
concept study is very generic, and can be applied to larger and more
complex molecules. Additionally, the predictor variables can be cho-
sen in a general way so as to be accessible in experiments, making the
method feasible for control of diffusion in applications. Our results
also demonstrate that data-mining techniques can be used to investi-
gate the phase-space structure of high-dimensional nonlinear dynami-
cal systems.
Phys. Rev. E 90, 062901, 2014

DY 3.5 Mon 10:30 BH-N 334
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Optimisation of search efficiency by combination of Levy
flights and Brownian motion — ∙Vladimir V. Palyulin —
Physics Department, Technical University of Munich, D-85747 Garch-
ing, Germany
Problems of target search occur in a wide range of applications rang-
ing from animals looking for prey to diffusion control of molecular
processes. For a long time the field was dominated before by a notion,
that Lévy flights with a critical exponent 𝛼 = 1 are optimal. Recently
we proved that this statement is not always correct, and often Brown-
ian motion presents a better alternative [1]. In this new study we show
that intermittent search, which consists of Lévy flights and Brownian
motion presents even better alternative. In order to show that we
computed an average of inverse rate of target location, which works as
a good measure of search efficiency. Analytical and numerical results
are obtained from fractional Fokker-Planck equation and supported by
Monte-Carlo simulations.

[1] V.V. Palyulin, A.V. Chechkin and R. Metzler, Proc. Natl. Acad.
Sci. USA, 111, 2931 (2014).

15 min. break

DY 3.6 Mon 11:00 BH-N 334
Single-file diffusion in a quenched energy landscape —
∙Henning Krüsemann1 and Ralf Metzler1,2 — 1University of
Potsdam, Potsdam, Germany — 2Tampere University of Technology,
Tampere, Finland
The diffusion of hardcore interacting particles in a narrow (1D) channel
is called single-file diffusion. Examples in physics can be found espe-
cially in biophysics, e.g. the transport of molecules through a narrow
pore.

The dynamical properties in a single file differ strongly from those
of freely diffusing particles and different types of subdiffusion can be
observed.

In this talk we discuss the msd of single-file diffusion with differ-
ent particle interactions in a quenched energy landscape. We present
simulation results and approach the problem theoretically.

DY 3.7 Mon 11:15 BH-N 334
Dynamical consequences of oriented particles interacting
with their fractal surrounding — ∙Janett Prehl1, René
Haber1, Heiko Herrmann1,2, and Karl Heinz Hoffmann1 —
1Institut für Physik, Technische Universiät Chemnitz, Chemnitz,
Deutschland — 2Centre for Nonlinear Studies, Tallinn University of
Technology, Tallinn, Estland
In order to model diffusive particles in porous media, often random
walks of point particles on fractals are utilized as model system. It ex-
hibits subdiffusive behavior, where the anomalous diffusion exponent
is smaller than one, and the corresponding random walk dimension is
larger than two. This is due to the limited space available in fractal
structures. Within this presentation we endow the particles with an
orientation [1, 2] and analyze their dynamics on fractal structures. In
particular, we focus on the dynamical consequences of the interactions

between the local surrounding fractal structure and the particle ori-
entation, which are modeled using an appropriate move class. These
interactions can lead to particles becoming temporarily or permanently
stuck in parts of the structure. A surprising finding is that the random
walk dimension is not affected by the orientation while the diffusion
constant shows a variety of interesting and surprising features.
[1] R. Haber, J. Prehl, K. H. Hoffmann, and Heiko Herrmann,
J. Phys. A: Math. Theor. 47 (2014) 155001
[2] R. Haber, J. Prehl, H. Herrmann, and K. H. Hoffmann,
Phys. Lett. A 377 (2013) 2840–2845

DY 3.8 Mon 11:30 BH-N 334
Fractal grid comb model — ∙Trifce Sandev1,2, Alexander
Iomin2,3, and Holger Kantz2 — 1Radiation Safety Directorate,
Partizanski odredi 143, P.O. Box 22, 1020 Skopje, Macedonia —
2Max Planck Institute for the Physics of Complex Systems, Nöthnitzer
Strasse 38, 01187 Dresden, Germany — 3Department of Physics, Tech-
nion, Haifa 32000, Israel
A grid comb model is a generalization of the well known comb model,
and it consists of N backbones. For N=1 the system reduces to the
comb model where subdiffusion takes place with the transport expo-
nent 1/2. We present an exact analytical evaluation of the trans-
port exponent of anomalous diffusion for finite and infinite number
of backbones. We show that for an arbitrarily large but finite num-
ber of backbones the transport exponent does not change. Contrary
to that, for an infinite number of backbones (fractal grid comb), the
transport exponent depends on the fractal dimension of the backbone
structure. Thus, the grid comb model, suggested here, establishes an
exact relation between a complicated fractal geometry and the trans-
port exponent. Such a product structure of backbones times comb is
an idealization of more complex comb-like fractal networks, as they
may appear e.g., in certain anisotropic porous media.

DY 3.9 Mon 11:45 BH-N 334
On diffusivity landscapes in soft matter — ∙Felix Roosen-
Runge1 and Dominique J. Bicout1,2 — 1Institut Laue-Langevin,
Grenoble, France — 2UMR 5525, CNRS and Université Grenoble 1,
France
The concept of energy landscapes has been successfully and exten-
sively applied for the understanding of a broad range of phenomena in
complex soft matter systems, such as the glass transition and protein
folding. However, many experimental accounts – e.g. single-particle
tracking, scattering methods and diffusion MRI – access dynamical
properties, and not the free energy landscape directly. Thus, it is im-
portant to understand and exploit the effects of diffusivity landscapes,
i.e. an inhomogeneous diffusivity and viscosity. First, we discuss appli-
cability, implications and limitations of the concept of diffusivity land-
scapes. Second, we provide analytical approximate solutions for the
diffusion equation in dynamically heterogeneous environments. Third,
the results can be connected to experiments on e.g. water diffusion
in hydration shells, or tracer diffusion through membranes or porous
structures.

DY 4: Granular Matter / Contact Dynamics Part I

Time: Monday 9:30–12:30 Location: BH-N 128

DY 4.1 Mon 9:30 BH-N 128
Vertically vibrated granular gas with van der Waals interac-
tions — ∙Qiong Bai, James P. D. Clewett, Stephan Herming-
haus, and Marco G. Mazza — Max Planck Institute for Dynamics
and Self-Organization, Am Fassberg 17, 37077 Goettingen, Germany
Although a lot of research has focused on granular matter, as a non-
equilibrium system granular matter is still a field full of unexplored
static and dynamic phenomena. An important system is granular gases
with macroscopic van der Waals interactions, which play a critical role
in the generation process of asteroids.

Here, we study with MD simulation a vertically vibrated, 3D gran-
ular gas with van der Waals interactions between grains. As the driv-
ing amplitude and filling fraction vary, the system shows three main
regimes: homogeneous, solid-gas coexistence and clustered. Moreover,
when the system is in a solid-gas coexistence state, we find crystalline
clusters inside the solid plug and the cluster size dramatically changes
with the driving amplitude and filling fraction.

DY 4.2 Mon 9:45 BH-N 128
Ordering of Granular Rod Monolayers Driven Far from
Thermodynamic Equilibrium — Thomas Müller1, Daniel
de las Heras2, Ingo Rehberg1, and ∙Kai Huang1 —
1Experimentalphysik V, Universität Bayreuth, D-95440 Bayreuth,
Germany — 2Theoretische Physik II, Universität Bayreuth, D-95440
Bayreuth, Germany
The orientational order of vertically agitated granular rod monolayers
is investigated experimentally and compared with equilibrium Monte
Carlo simulations and density functional theory. At sufficiently high
density, short rods form a tetratic state and long rods form a uniaxial
nematic state. The length-to-width ratio at which the order changes
from tetratic to uniaxial is around 7.3 in both experiments and sim-
ulations. Such a comparison illustrates the universal aspects of the
self-organization of rod-shaped particles across thermal and athermal
systems.
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DY 4.3 Mon 10:00 BH-N 128
About the adaptability of Edwards’ theory to 2D granular as-
semblies — ∙Volker Becker and Klaus Kassner — Institut für
theoretische Physik, Otto-von-Guericke-Universität Magdeburg, Ger-
many
A possible approach for the statistical description of granular assem-
blies is Edwards’ assumption that all blocked states which occupy the
same volume are equally probable (Edwards, Physica A 157,1989).
Other authors claimed that a similar approach where all states with
the same stress are assumed as equally probable are more suited for de-
veloping a granular statistical mechanics, and Blumenfeld et al. (PRL
238001, 2012) argued that only a combined volume-stress ensemble is
an appropriate basis for granular statistics.

We performed computer simulations using two dimensional polygo-
nal particles excited periodically by two different protocols, excitation
by “pulses of negative gravity“ and excitation by ”rotating gravity“.
The first protocol shows a non-monotonous dependency 𝜑(𝑔) of the
mean volume fraction on the pulse strengths.

We used the overlapping histogram method in order to test whether
or not the volume is described by a Boltzman-like distribution and
to calculate the inverse compactivity, up to an additive constant. We
found that the mean volume is a unique function of the granular tem-
perature, independently of the protocol and of the branch in 𝜑(𝑔).
However, this is not case for the mean stress, which can be different
for the same value of compactivity (or the mean volume).

DY 4.4 Mon 10:15 BH-N 128
Packing of spheres in a flat container and geometrical frus-
tration — Kirsten Harth and ∙Ralf Stannarius — Otto-von-
Guericke-Universität Magdeburg
We study the packing of monodisperse spheres in a flat vertical box
with cell gap slightly larger than the particle diameter. The particles
form a nearly regular triangular lattice in the cell plane. The addi-
tional freedom of a displacement normal to the cell plane places them
either at the front or rear cell plate, leading to a denser arrangement
in the cell plane, but at the same time to frustrated states (two of
three neighboring beads have to occupy the same cell wall). Analogies
to order in antiferroelectric Ising spin systems on a triangular lattice
and to colloidal assemblies in thin layers are evident. We analyse the
packing statistics and compare them to Monte Carlo simulations. By
tilting the container from the vertical, we can modify the relative oc-
cupation numbers of front and back sites, mimicking an external field
similar to magnetic fields in spin systems. The experiment offers both
insights in the influence of geometrical constraints on random packing,
and a descriptive example of frustrated ordering.

DY 4.5 Mon 10:30 BH-N 128
The mechanism of pattern coarsening of granular mixtures
in rotating drums — ∙Tilo Finger1, Ralf Stannarius1, and
Matthias Schröter2 — 1Otto-von-Guericke-Universität Magdeburg
— 2MPI für Dynamik und Selbstorganisation Göttingen
Three fundamental segregation and pattern formation processes have
been reported in granular mixtures in a rotating cylindrical drum: ra-
dial segregation, axial banding and coarsening of the band pattern.
While for the first effect the mechanism is well understood and for
the second effect several models have been proposed, the coarsening
mechanism remained unexplained so far. We reveal the mechanism for
the well-known unidirectional flow between neighboring bands in an
axially segregated pattern. A process of microsegregation inside each
band of small particles is reported, which was so far unrecognized. On
the basis of our findings, the stability of individual bands can be eas-
ily controlled by minor alternations of their composition. We suggest
viable hypotheses to explain the driving force behind the flow.

DY 4.6 Mon 10:45 BH-N 128
Mechanical stability of random packings of spherocylinders
— ∙Pascal Wieland and Claus Heussinger — Georg-August-
Universität Göttingen
We simulate random packings of soft, frictionless spherocylinders over
a wide range of aspect ratios (10 ≤ 𝛼 ≤ 80) in the vicinity of the
jamming point. In our studies we focus on the stability of these pack-
ings, especially the relation between average number of contacts ⟨𝑍⟩,
aspect ratio 𝛼 and volume fraction 𝜑. Comparison of our results with
previous works shows deviations and we try to extend the model used
in previous works. The results are compared with experiments done
using Spaghettinis.

15 min. break

DY 4.7 Mon 11:15 BH-N 128
Cooling of 3D Granular Gases: Microgravity Experiments —
∙Kirsten Harth, Torsten Trittel, Sandra Wegner, Kathrin
May, and Ralf Stannarius — Institut für Experimentelle Physik,
Otto von Guericke Universität Magdeburg
Granular gases represent one of the simplest systems for investiga-
tions of non-equilibrium statistical physics, yet they are still poorly
understood. They represent ensembles of macroscopic grains interact-
ing through inelastic collisions. The use of elongated grains facilitates
the realization of 3D experiments beyond the Knudsen regime. We
recently found non-gaussian velocity distributions and a violation of
the equipartition of kinetic energy, i.e. rotational degrees of freedom
are underexcited [1]. With a special preparation technique, we can
study such systems during the short microgravity period offered by
drop towers. We present the first experimental study based on 3D
data, with focus on the initial period of granular cooling. Experiments
were conducted at the ZARM drop tower in Bremen, with approx. 9.2
of microgravity. We analyze and compare velocity and density distri-
butions as well as the decay of kinetic energy in different experimental
realizations.

[1] K. Harth, U. Kornek, T. Trittel, U. Strachauer, S. Höme, K. Will,
R. Stannarius, Phys. Rev. Lett. 110 144102 (2013)

DY 4.8 Mon 11:30 BH-N 128
Maxwell Construction for Nonequilibrium Steady-State
Phase Separation in Granular Matter — ∙James Clewett —
Max Planck Institute for Self Organisation, Bunsenstrasse, Goettingen
37077
Experiments and computer simulations are carried out to investigate
phase separation in a granular gas under external vibration in a large
sample cell. The densities of the dilute and the dense phase are found
to follow a lever rule, suggesting an equation of state. We show that
this equation of state, which exhibits a non-monotonic pressure-volume
characteristic, P(v), can be obtained from simulations of a small cell. A
Maxwell construction is found to predict both the coexisting pressure
and binodal densities remarkably well, despite the fact that P(v) is not
an isotherm. Although the system is far from equilibrium and energy
conservation is strongly violated, we can derive this finding from an
energy minimization argument of fluctuating currents.

DY 4.9 Mon 11:45 BH-N 128
Changing friction in ellipsoid packings — ∙Simon J.A. Weis1,
Fabian M. Schaller1,2, Gerd E. Schröder-Turk1, and Matthias
Schröter2 — 1Theoretische Physik, FAU Erlangen, Germany —
2Max Planck Institute for Dynamics and Self-Organization, Göttin-
gen, Germany
Friction is an important parameter for the stability of granular pack-
ings. We examine packings of ellipsoids- and spheres with different
friction coefficients and aspect ratios. Interparticle friction is changed
by grinding the particles in a rotating drum.

Various packings are prepared and structural properties like Voronoi
cell shapes, mean and local contact numbers and packing fractions as
well as angle distributions and -correlations are studied by means of
Xray-tomography. Data for spheres is compared to numerical data
from DEM simulations.

Additionally mechanical properties of packings are measured within
a shearcell setup and correlated to the structural results to contribute
to a better understanding of stability.

DY 4.10 Mon 12:00 BH-N 128
nonaffine deformation and mechanical response of dense
granular materials — ∙m reza shaebani1 and jens boberski2

— 1Department of Theoretical Physics, Saarland University, Saar-
brucken, Germany — 2Department of Physics, University of Duisburg-
Essen, Duisburg, Germany
The mechanical response of granular materials considerably differs
from that of an ordinary elastic solid. Understanding the behavior, be-
sides the scientific interest, has important practical applications. The
emerging nonlinear relation between stress and strain can be attributed
e.g. to the presence of disorder, nonlinearity of the contact force law,
and Coulomb friction threshold. However, even in the absence of these
elements in the nature of the interactions and the environment, the
nonlinear elastic response may still exist because of the unilateral in-
teractions in dry granular systems. Opening of a contact terminates
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the local transmission of restoring or frictional forces, while formation
of a contact provides new possibilities for it. We first show how taking
the unilateral interparticle interactions into account would improve the
analytical predictions for the mechanical response, and compare the re-
sults with simulations. We attribute the remaining discrepancy to the
contribution of nonaffine motions during the deformation process, and
discuss the possible ways to include these motions in the stochastic
modeling of stress transmission in granular media. We also clarify how
the evolution of the probability distributions of contact forces devi-
ate from the affine assumption during isotropic compression or shear
deformation processes.

DY 4.11 Mon 12:15 BH-N 128

Heterogeneity of local mechanical properties in binary granu-
lar systems — ∙Sebastian Pitikaris, Peidong Yu, and Matthias
Sperl — DLR Institute of Materials Physics in Space, Cologne, Ger-
many
We investigate the critical scaling behavior of the contact number
above the critical packing fraction in binary mixtures. We use dif-
ferent particle concentrations and strongly varying size ratios to see
whether there is an influence to the scaling exponent. The results can
be compared to theoretical predictions.

From stress-birefringent images we can precisely identify rattlers and
moreover reconstruct force distributions and thus compute the local
shear modulus. The results can be compared to recent simulation work
which predicts a heterogeneous shear modulus in disordered systems.

DY 5: Colloids and Complex Liquids I (joint session CPP/ BP/ DY)

Time: Monday 9:30–12:45 Location: C 130

DY 5.1 Mon 9:30 C 130
Disclination lines at homogeneous and heterogeneous colloids
immersed in a chiral liquid crystal — ∙Sergej Schlotthauer1,
Michael Melle1, Carol K. Hall2, Enrique Diaz-Herrera3, and
Martin Scheon1,2 — 1Technische Universität Berlin, Berlin, Ger-
many — 2North Carolina State University, Raleigh (NC), USA —
3Universidad Autonoma Metropolitana-Iztapalapa, Iztapalapa , Mex-
ico
We perform Monte Carlo simulations in the isothermal-isobaric ensem-
ble to study defect topologies formed in a cholesteric liquid crystal due
to the presence of a spherical colloidal particle. Topological defects
arise because of the competition between anchoring at the colloidal
surface and the local director. We consider homogeneous colloids with
either local homeotropic or planar anchoring to validate our model by
comparison with earlier lattice Boltzmann studies. The presence of
a Janus colloid in a choleteric host fluid reveals a rich variety of de-
fect structures. Using the Frank free energy we analyze these defects
quantitatively indicating a preferred orientation of the Janus colloid
relative to the cholesteric helix.

DY 5.2 Mon 9:45 C 130
Anisometry versus anisotropy in systems of colloidal mag-
netic cubes — ∙Joe Donaldson1 and Sofia Kantorovich1,2 —
1Faculty of Physics, University of Vienna, Boltzmanngasse 5, 1090
Vienna, Austria — 2Ural Federal University, Lenin av. 51, 620083,
Ekaterinburg, Russia
Contemporary colloid science provides numerous ways of synthesising
particles with non-spherical geometries. Indeed, a whole spectrum of
shapes is now readily accessible, cubes being one such example. The di-
rectionally dependent interactions of these particles are key tools in the
development of new soft materials. An additional internal anisotropy
is introduced into the system when these particles are constructed
from a magnetic medium. Consequently, the interplay between ani-
sometry and anisotropy, and its influence on how magnetic particles
self-assemble, can be studied. Two different magnetic orientations
within the cube have been considered; the first is represented by a
dipole aligned along the [001] crystallographic axis, and the second by
a dipole aligned along the [111] axis. We have determined the ground
state structure of isolated clusters for both systems and have shown
for the [001] orientation a preference for a ground state dominated
by chain formation. In contrast, clusters of [111] orientated particles
tend to arrange in lattices within which dipoles form ring structures
consisting of four dipoles. We shall discuss the consequences of these
structural configurations on the bulk properties of such systems, in-
cluding preliminary predictions of the magnetic properties of dilute
suspensions.

DY 5.3 Mon 10:00 C 130
Active microrheology of a nematic Liquid crystal —
∙Tillmann Stieger1, Andrés Córdoba2, Marco G. Mazza3,
Juan J. de Pablo2, and Martin Schoen1 — 1Technische Univer-
sität Berlin — 2University of Chicago — 3MPIDS Göttingen
The knowledge of rheological properties of soft matter is of great im-
portance for a variety of applications such as lubricants or the re-
duction of friction. The rheology of materials becomes particularly
relevant if systems are miniaturized to the nanometer length scale at

which physical properties of soft matter are altered significantly from
their microscopic bulk properties. The focus of this work are nematic
liquid crystals (LC) which are characterized by a high degree of orien-
tational order along a specific direction. If now a colloid is immersed
into such a nematic host phase properties of the later are effected
greatly at the nanoscale. The colloid perturbs orientational order of
the nematic LC in its vicinity. This causes defect topologies to arise.
We present nonequilibrium molecular dynamics (MD) simulations of a
homogenous colloid with either planar or perpendicular anchoring of
LC molecules at the colloid’s surface. This leads to well known defect
topologies such as the Boojum defect or the Saturn ring. The colloid is
moved periodically, comparable to a typical experimental setup where
one uses optical tweezers. The phase shift and the magnitude of the
measured force response is used to investigate viscoelastic properties
of the LC host phase. Specifically, we are interested in calculating the
dynamic modulus 𝐺 = 𝐺′ + 𝑖𝐺′′, where 𝐺′ and 𝐺′′ are storage and
loss moduli. For both quantities we present analytic expressions that
can be used to analyse our MD data.

DY 5.4 Mon 10:15 C 130
Characterizing Dissipation during the Crystallization Process
— ∙Sven Dorosz — 162a avenue de la faiencerie, L1511 Luxemburg
I present computational results on the compression of a hard sphere
liquid into the solid phase in finite time.
I will discuss the properties of the resulting work distributions and in
particular focus on the correlations between the dissipated heat during
the process and the detected structures in the solid resp. melt.

DY 5.5 Mon 10:30 C 130
Colloidal Plastic Crystals of Hard Dumbbells under Shear —
∙Nils Heptner1,2, Fangfang Chu1,2, Matthias Ballauff1,2, and
Joachim Dzubiella1,2 — 1Helmholtz-Zentrum Berlin, Germany —
2Humboldt-Universität zu Berlin, Germany
We study the structural response of plastic crystals of colloidal dumb-
bells to an oscillatory shear field using Brownian Dynamics (BD) com-
puter simulations. Under increasing shear strains, a discontinuous
transition is found from a twinned-fcc like crystal to a partially ori-
ented highly ordered sliding-layer state via a disordered intermediate
state. In this novel partially oriented sliding-layer phase, sheared hard
dumbbells exhibit a small but finite collective orientational order. We
show that the orientations of only weakly anisotropic particles play a
crucial role in non-equilibrium transitions. Our findings from simula-
tions are compared to data obtained by rheo-SANS experiments and
reveal the nature of a second rheological yielding event which has not
been observed for crystalline suspensions of hard spheres.

DY 5.6 Mon 10:45 C 130
Experimental determination of structural and dynamical
heterogeneities in a metastable colloidal fluid — Sebas-
tian Golde1, Markus Franke2, Thomas Palberg3, and ∙Hans
Joachim Schöpe4 — 1Graduate School Materials Science in Mainz,
Staudinger Weg 9, 55128 Mainz, Germany — 2DB Systel GmbH,
Weilburger Straße 22 B4.14, 60326 Frankfurt a. Main — 3Institut
für Physik, Johannes Gutenberg-Universität, Staudingerweg 7, 55128
Mainz, Germany — 4Eberhards Karls Universität Tübingen, Auf der
Morgenstelle 10, 72026 Tübingen, Germany
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Metastable fluids exhibit heterogeneous dynamics as well as hetero-
geneous structure [1]. These dynamical and structural heterogeneities
play an important role in the understanding of the glass transition and
crystallization. Simulations suggest that these heterogeneities in dy-
namics and structure are linked, but the direct experimental proof is
still lacking [2]. Using space- and time-resolved dynamic light scatter-
ing and time-resolved multi angle static light scattering [3], we study
the dynamics and structure in a model system of colloidal hard spheres
during crystallization and vitrification. For the first time, direct corre-
lation between the temporal evolution of the dynamical heterogeneities
and the structural heterogeneities was obtained from an analysis of the
subensemble resolved particle dynamics and the evolution of the static
structure factor.

[1] L. Berthier and G. Biroli, Rev.s of Mod. Phys., 83, (2011,[2] T.
Kawasaki and H. Tanaka, JPCM, 22 (2010),[3] M. Franke, S. Golde
and H.J. Schöpe, Soft Matter 10, 5380 (2014)

15 min. break

DY 5.7 Mon 11:15 C 130
Dense Colloidal Suspensions in Microfluidic Flow — ∙Philipp
Kanehl and Holger Stark — Institut für Theoretische Physik,
Technische Universität Berlin, D-10623 Berlin
Dense colloidal suspensions in a pressure driven flow accumulate in
the center of the microchannel. Bidisperse mixtures partially demix
depending on their densities [1]. In very dense colloidal systems, one
observes oscillations in the colloidal flow velocity which is attributed to
transient jamming. The oscillations ultimately become irregular when
density is further increased [2].

To develop a theoretical understanding of all these effects, we simu-
late hard spheres under pressure-driven flow in two and three dimen-
sions using the mesoscale simulation technique of multi-particle colli-
sion dynamics which is an efficient solver of the Navier-Stokes equation
and includes thermal motion.

In our simulations, we reproduce the experimental observations that
a monodisperse suspension enriches the channel center and a binary
mixture segregates into its two species. Comparison with our ana-
lytical model suggests that Brownian motion is crucial for demixing
and that the non-diagonal elements of the collective diffusion tensor
determines, which species enriches the center. Qualitative differences
between 2 and 3 dimensions are found.

Finally, we present first results on monodisperse suspensions near
close packing to understand flow oscillations and transient jamming.

[1] D. Semwogererea and E. R. Weeks, Phys. Fluids, 20, (2008).
[2] A. I. Campbell and M. D. Haw, Soft Matter 6, (2010).

DY 5.8 Mon 11:30 C 130
Rheological study of anisometric pigment particle suspen-
sions — ∙Yong Geng, Alexey Eremin, and Ralf Stannarius —
Otto-von-Guericke-Universität Magdeburg, FNW/IEP/ANP, Postfach
4120, 39016 Magdeburg, Germany
Rheological properties of colloidal suspensions formed by nanometer
size rod-shaped pigment particles dispersed in a non-polar solvent are
studied. Experiments have shown that these suspensions possess un-
usual properties such as liquid crystalline behaviour at high dispersant
concentration, field-induced phase separation at low and intermediate
concentrations, switching in electric fields, and a reversible response
to the adsorbing light affecting current transients in sandwich cells.1
By doping with small amounts of ferrofluid these pigment dispersions
can form a basis for magneto-responsive materials. A strong magneto-
optical effect has been confirmed. In our studies, we demonstrate a
strong shear-induced birefringence and shear thinning behaviour in
pure dispersions. We also discuss the effects of magnetic fields on the
rheological properties of the pigment/ferrofluid mixtures. This helped
to get a deeper insight into the properties of these suspensions and
understand the mechanisms of the structural changes under external
field such as electric, magnetic and flow.

1. Eremin, Alexey, et al., Adv. Funct. Materials 21.3 (2011): 556-
564.

DY 5.9 Mon 11:45 C 130
Structure analysis of stable and metastable hard sphere fluids
by confocal microscopy — Achim Lederer1 and ∙Hans Joachim

Schöpe2 — 1Institut für Physik, Johannes Gutenberg-Universität,
Staudingerweg 7, 55128 Mainz, Germany — 2Eberhards Karls Univer-
sität Tübingen, Auf der Morgenstelle 10, 72026 Tübingen, Germany
The structural properties of the metastable melt play a key role in the
understanding of the glass transition and crystal nucleation. Using
laser scanning confocal microscopy we study the structure of stable
and metastable colloidal hard sphere fluids. The used system was
characterized with extreme care to allow a meaningful comparison
with theory and simulation. While the Percus-Yevick (PY) approx-
imation works quite perfectly for stable fluids at moderate volume
fractions, it starts to fail for volume fractions larger than 0.45 ap-
proaching the freezing transition at 0.494. Strong deviation can be
observed in metastable fluids: In the pair correlation function g(r) the
experimental data display a significant higher principal peak and a dif-
ferent shape in the higher order peaks than the PY-approximation. In
the static structure factor S(q) the data display a split in the second
structure factor maximum suggesting a local short range crystalline
like order. An analysis on the particle level reveals the existence of
clusters with higher bond orientation order (q6(i)q6*(j)), although the
overall hexagonal order of the ensemble does not increase.

DY 5.10 Mon 12:00 C 130
Effects of shear and walls on the diffusion of colloids in mi-
crochannels — ∙somnath ghosh, frieder mugele, and michel
duits — Physics of Complex Fluids group, MESA+ institute, Uni-
versity of Twente PO Box 217, 7500 AE Enschede, The Netherlands
Colloidal suspensions flowing through micro-channels were studied for
the effects of both shear flow and the proximity of walls on the parti-
cles* self-diffusion. Use of hydrostatic pressure to pump micron-sized
silica spheres dispersed in water-glycerol through poly (dimethylsilox-
ane) channels with a cross section of 30x24 micron, allowed variation
of the Péclet number(Pé) from 0.01 to 50. To obtain diffusion coeffi-
cients, image-time series from a Confocal Scanning Laser Microscope
were analysed with a method that, after finding the particle trajec-
tories, subtracts the instantaneous convective displacements and sub-
sequently measures the slopes of the Mean Squared Displacement in
the flow (x) and shear (y) directions. The thus obtained Dx and Dy,
which should be equal to the free diffusion coefficient (regardless of
shear) in the dilute limit, both increase strongly with Péclet number
(for Pé>10) in a concentrated suspension. This effect of shear-induced
collisions is counteracted by the contribution of walls, which cause a
strong local reduction in Dx and Dy.

DY 5.11 Mon 12:15 C 130
Transport of active particles in low-porosity structures —
Frank Wirner1, Christian Scholz1, and ∙Clemens Bechinger1,2

— 12. Physikalisches Institut, Universität Stuttgart, Germany —
2Max-Planck-Institut für Intelligente Systeme, Stuttgart, Germany
Transport of active bacteria in porous media is of importance in many
different fields, ranging from bioremediation, groundwater contamina-
tion and enhanced oil recovery to blood perfusion inside the body. We
study the motion of active particles in artificially created porous media
by a semi-experimental approach. In porous media with low porosities
the presence of stagnant parts can lead to a temporary trapping of
active particles in such regions, which can vastly increase their reten-
tion times. We compare the distributions of retention times and the
transport properties of active and purely Brownian particles.

DY 5.12 Mon 12:30 C 130
Isobutyric acid and water mixture confined in a silica
nanopore — ∙Michael Harrach and Barbara Drossel — In-
stitut für Festkörperphysik, TU Darmstadt, Darmstadt, Germany
We analyze the phase behaviour of water and isobutyric acid mixtures
of differing weight percentages, in a silica nanopore of roughly 4 nm di-
ameter and a corresponding smooth-walled confinement based on the
average potential as given by the pore. While experimental studies
have been interpreted as showing evidence for a phase seperation of
water and isobutyric acid with the water situated at the pore wall we
observe the converse, with the water rich part of the mixture preferring
the pore center. The comparison of the smooth and rough pore allows
us to further determine the importance of potential hydrogen bond
sites and their influence on the static and dynamic characteristics of
the mixture.
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DY 6: Crystallization, Nucleation and Self Assembly I (joint session CPP/ DY)

Time: Monday 9:30–11:30 Location: PC 203

DY 6.1 Mon 9:30 PC 203
Wang-Landau type Monte Carlo study of crystallization in
melts of short semi-flexible polymers — ∙Timur Shakirov and
Wolfgang Paul — University of Halle, Halle, Germany
Phase transitions in polymer melts have been under intensive experi-
mental as well as theoretical investigation during the last years. Wang-
Landau type Monte Carlo simulations were successfully applied to in-
vestigate of single polymer chains, but they weren’t used for simula-
tions of dense polymer systems. We present results of Wang-Landau
simulations of melts of short semi-flexible polymers. The estimated
density of state functions cover more than 5000 orders of magnitude
and describe thermodynamical properties at the full energy range of
the system. An analysis of the density of states shows that our model
system undergoes a first-order phase-transition upon increasing the
chain stiffness at fixed density . The investigation of chain properties
demonstrates crystallization of the model system into a rotator-like
phase. Because inter-molecular interactions have a purely repulsive
nature, the phase transition is driven by maximization of the system
entropy. Ordering perpendicular to the director is governed by the
effective thickness of the chains and this part of the ordering process is
similar to the transition into a hexatic phase of 2d hard-disks systems.
Due to the equal size of all beads and the purely repulsive inter-chain
interaction the chains remain mobile along the nematic director. So
that in contrast to the real rotator-phase systems (for instance stiff
n-alkane chains) our system demonstrates only a weak tendency to
produce lamellar positional ordering.

DY 6.2 Mon 9:45 PC 203
Double-Crystalline Diblock Copolymer Nanostructures by
Crystal Thickening — ∙Robert Schulze, Tobias N. Büttner,
and Klaus D. Jandt — Chair of Materials Science (CMS), Otto-
Schott-Institute for Materials Research, Friedrich Schiller University
Jena, Löbdergraben 32, 07743 Jena, Germany
Semi-crystalline diblock copolymers (DBCP) can form defined nano-
structures by crystal thickening. In double-crystalline DBCP, both
blocks can crystallize and, thus, be used for crystal thickening, which
was not investigated, so far.

Here, the hypothesis was tested, that an increase of the lamellar pe-
riod can be achieved by controlled crystal thickening of both blocks of
a linear poly(ethylene)-block-poly(ethylene oxide) DBCP.

In the bulk, we found annealing induced crystal thickening for both
blocks using differential scanning calorimetry. Initially crystallized
bulk samples were characterized by X-ray scattering and featured a
lamellar long-period that corresponded to the extended chain length
of the copolymer. Similarly crystallized thin films were characterized
by atomic force microscopy and the lamellar long-period was found to
be one-half of the extended chain length. Annealing these thin films
at elevated temperatures caused crystal thickening and an increase of
the lamellar long-period.

The controlled crystal thickening of double-crystalline DBCP can
be used to fabricate tailorable nanopatterns which are interesting for
applications requiring surface structures with different sizes, as e.g., in
photonics or the biomedical field.

Invited Talk DY 6.3 Mon 10:00 PC 203
Direct observation of prefreezing at the interface melt-solid
in polymer crystallization — Ann-Kristin Löhmann, Thomas
Henze, and ∙Thomas Thurn-Albrecht — Institute of Physics,
Martin-Luther-University Halle-Wittenberg, 06099 Halle, Germany
The microscopic ordering process that a liquid undergoes during crys-
tallization is often initiated at an interface to a solid. This observa-
tion is classically explained by the assumption of a reduced barrier for
crystal nucleation at the interface. However, an interface can also in-
duce crystallization by prefreezing, i.e., the formation of a crystalline
layer that is already stable above the bulk melting temperature. We
present an atomic force microscopy (AFM)-based in situ observation
of a prefreezing process at the interface of a polymeric model system
and a crystalline solid, namely polyethylene on graphite. Explicitly,
we show the existence of an interfacial ordered layer that forms well
above the bulk melting temperature with thickness that increases on
approaching melt-solid coexistence. Below the melting temperature,
the ordered layer initiates crystal growth into the bulk, leading to an

oriented, homogeneous semicrystalline structure.

DY 6.4 Mon 10:30 PC 203
Experimental test of Tammann’s nuclei development ap-
proach in crystallization of macromolecules — ∙Evgeny
Zhuravlev1, Jürn W.P. Schmelzer1, and Alexander S. Abyzov2

— 1University of Rostock, Rostock, Germany — 2Kharkov Institute
of Physics and Technology, Kharkov, Ukraine
A first attempt to probe the size distribution of homogeneously formed
nuclei in polymers was realized employing Tammann’s two-stage crys-
tal nuclei development method and fast scanning calorimetry. A trans-
fer heating rate of 500,000 K/s prevents nuclei growth on heating in
poly(𝜖-caprolactone). The employed temperature profile was adapted
from Tammann’s two-stage crystal nuclei development method imply-
ing formation of nuclei at large undercooling (low temperatures) and
following their isothermal growth at higher temperatures. Fast scan-
ning calorimetry allowed us to reach the deep supercooling of the melt
at 100,000 K/s avoiding heterogeneous and homogeneous nuclei forma-
tion and growth. Then crystal nuclei were allowed to form isothermally
at the temperature corresponding to the maximum of the steady-state
nucleation rate for homogeneous nucleation (210 K for PCL, Tg = 209
K), where both the effect of heterogeneous nucleation and the growth
rate are low. The presence of these crystal nuclei and its effect on crys-
tallization was probed by heating the sample to higher temperatures
and observation of the overall crystallization process, determining the
crystallization half-time. A theoretical explanation of the observations
was developed.

DY 6.5 Mon 10:45 PC 203
Morphological development of poly(butadiene)-block-
poly(ethylene oxide) during annealing — ∙Tobias N.
Büttner1, Stefan Hölzer2, Robert Schulze1, and Klaus D.
Jandt1 — 1Chair of Materials Science (CMS), Otto Schott Insti-
tute of Materials Research, Friedrich Schiller University Jena, Löbder-
graben 32, 07743 Jena, Germany — 2Laboratory of Organic Chemistry
and Macromolecular Chemistry (IOMC), Friedrich Schiller University
Jena, Humboldtstraße 10, 07743 Jena, Germany
Nanostructures of semi-crystalline diblock copolymers (DBCP) can be
tuned by controlled crystal thickening, whereby the knowledge of the
mechanisms and kinetics is relevant for possible applications.

In the present study we tested the hypothesis that the morpholog-
ical development of a poly(butadiene)-block-poly(ethylene oxide) de-
pends on the kinetics of crystal thickening during annealing and can
be described by combining time- and temperature-dependent X-ray
scattering (SAXS) and differential scanning calorimetry (DSC).

Depending on the annealing temperature, three effects predomi-
nated: crystal thickening, thermal fractionation and complete melting.
We investigated the absolute long period growth due to crystal thicken-
ing by SAXS measurements. In addition, DSC based crystal thickness
distributions were used to explain the running processes during anneal-
ing. The combination of both methods enables the precise tailoring of
DBCP nanostructures without changing the degree of polymerization.

Nanostructures with defined dimensions are interesting for nanotem-
plating applications, e.g. the biomedical field.

DY 6.6 Mon 11:00 PC 203
Crystallization of binary colloidal mixtures with polymer-
induced attraction — ∙Nicole Schaertl1,2, Thomas Palberg3,
and Eckhard Bartsch1,2 — 1Institut für Physikalische Chemie,
Universität Freiburg, Deutschland — 2Institut für Makromolekulare
Chemie, Universität Freiburg, Deutschland — 3Institut für Physik,
Universität Mainz, Deutschland
Polystyrene (PS) microgel colloids serve as model system for hard
spheres (HS). Binary mixtures of dispersed small (S) and large (L) PS
particles with diameter ratios of S to L close to a value of Γ = 0.8 have
been widely used to investigate glass formation as well as re-entrant
melting introduced by short-ranged depletion attraction. Previously,
we have shown that depletion attractions not only enhance particle mo-
bility, leading to a melting of the glass, but also enforce crystallization
of a colloidal eutectic which is kinetically suppressed in the correspond-
ing HS system [1]. Here we show that a subtle change of the system
parameters to slightly larger Γ leads to a completely different enforced
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crystallization scenario. Using static light scattering to investigate
structure and kinetics including crystal size growth and packing, we
observe hexagonal superlattices instead of single-component crystals.
Our findings can be rationalized by the occurrence of stable binary
crystals LS2, so-called Laves phases, in agreement with computer sim-
ulations by Hynninen et al. [2].

[1] Kozina et al., Soft Matter 10, 9523 (2014) [2] Hynninen et al., J.
Chem. Phys. 131, 064902 (2009)

DY 6.7 Mon 11:15 PC 203
Frühe Belege zur Kettenfaltung in Lamellen bei massivem
HDPE — ∙Heinz Preuß — 31785 Hameln
Mit dem Oberflächenabriss von aus der Schmelze bei langsamer Ab-

kühlung erstaarrten massiven Proben aus Niederdruckpolyethlen (HD-
PE) gelang die mechanische Trennung der Lamellen längs ihrer Grenz-
flächen (H.H.W.Preuß, physica status solidi Vol. 3, 1963 S. K209 ff.).
Dies belegt sowohl, dass die in elektronenmikroskopischen Oberflächen-
bildern sichtbaren Terrassenstufen tatsächlich die Ränder von Lamel-
len sind, die sich als relativ selbständige Struktureinheiten in das Pro-
beninnere fortsetzen, als auch die schwächere Bindung der Lamellen
aneinander. Zugleich erfährt das Modell der Kettenfaltung (z. B. A.
Keller, Kolloid * Zeitschrift, 165 (1959), s. 15) eine Bestätigung. Mit
dessen Hilfe lässt sich erklären, dass die Molekülketten, welche senk-
recht zu den Lamellengrenzflächen orientiert sind, sich in den Lamellen
kristallografisch geordnet in den Lamellen unterbringen lassen, obwohl
deren Dicke D (8 bis 15 nm) deutlich kleiner ist als die Kettenlänge L.

DY 7: Correlated Electrons: Nonequilibrium Quantum Many-Body Systems 1 (joint session
TT/ DY)

Time: Monday 9:30–13:00 Location: H 0104

Topical Talk DY 7.1 Mon 9:30 H 0104
Entanglement in the Many-Body Localized Phase and Transi-
tion — ∙Jens H. Bardarson — Max Planck Institute for the Physics
of Complex Systems, Dresden, Germany
The study of entanglement, both in eigenstates and its evolution after
quenches, has been instrumental in advancing our understanding of
many-body localized phases—the interacting analogs of the Anderson
insulator. In this talk I will discuss in detail three observations re-
lated to the entanglement properties of many-body localized systems:
(i) A global quench within the many-body localized phase gives rise
to a slowly (logarithmically) increasing entanglement entropy. This is
due to interaction induced dephasing that is absent in the Anderson
insulator and therefore serves as a unique signature of the many-body
localized phase. (ii) A local quench from an eigenstate leads to an
extensive increase in the entanglement entropy only at the many-body
localization transition itself. And (iii) at the many-body localization
transition the distribution of entanglement entropies becomes exten-
sively broad, while it vanishes both in the extended metallic phase and
in the localized phases. The width of the entanglement distribution,
like the long time limit of the local quench, is therefore a useful diag-
nostic for a many-body localization transition. I explicitly demonstrate
how all these features are observed in microscopic spin chain models
of many-body localization, and, in particular, discuss how they can be
used to detect a many-body mobility edge.

[1] JHB, Pollmann, and Moore, PRL 109, 017202 (2012).
[2] Kjall, JHB, and Pollmann, PRL 113, 107204 (2014).

DY 7.2 Mon 10:00 H 0104
Dynamics of competing orders in YBCO triggered by ultra-
fast light pulses — ∙Junichi Okamoto, Robert Höppner, Beilei
Zhu, and Ludwig Mathey — Institute for Laser Physics, University
of Hamburg, Hamburg, Germany
In the emerging field of optically driven strongly correlated systems,
laser-excited high-𝑇𝑐 cuprates are one of the most fascinating topics.
In equilibrium, the underdoped region of high-𝑇𝑐 cuprates exhibit vari-
ous competing orders, e.g., stripes, density-waves and superconductiv-
ity. In this talk, we will explore the possibility of optically controlling
such competing orders. In particular, we will focus on the underdoped
region of YBCO, where 𝑑-wave superconductivity and charge-density
waves coexist. We will present preliminary results of numerical simu-
lations of optically driven competing orders in the material.

DY 7.3 Mon 10:15 H 0104
Ultrafast dynamics in CeTe3 near the pressure-induced
charge-density-wave transition — Jonas Tauch1, Hanjo
Schäfer1,2, Manuel Obergfell1, Jure Demsar1,2,3, Paula
Giraldo4, Ian R. Fisher4, and ∙Alexej Pashkin1,5 —
1Department of Physics and Center for Applied Photonics, University
of Konstanz, Germany — 2Institute of Physics, Ilmenau University of
Technology, Germany — 3Institute of Physics, Johannes Gutenberg-
University Mainz, Germany — 4Geballe Laboratory for Advanced Ma-
terials and Department of Applied Physics, Stanford University, USA
— 5Helmholtz-Zentrum Dresden-Rossendorf, Germany
Femtosecond pump-probe spectroscopy is an efficient tool for studying

ultrafast dynamics in strongly correlated electronic systems, in particu-
lar, compounds with a charge-density-wave (CDW) order. Application
of external pressure often leads to a suppression of a CDW state due
to an impairment of the Fermi surface nesting.

We combine time-resolved optical spectroscopy and diamond anvil
cell technology to study electron and lattice dynamics in tri-telluride
compound CeTe3. Around pressures of 4 GPa we observe a gradual
vanishing of the relaxation process related to the recombination of the
photoexcited quasiparticles. The coherent oscillations of the phonon
modes coupled to the CDW order parameter demonstrate even more
dramatic suppression with increasing pressure. These observations
clearly indicate a transition into the metallic state of CeTe3 induced
by the external pressure.

DY 7.4 Mon 10:30 H 0104
Mechanism of Ultrafast Relaxation of a Photo-Carrier in An-
tiferromagnetic Spin Background — ∙Lev Vidmar — University
of Munich, Germany
Understanding of relaxation dynamics in correlated condensed-matter
systems is vital for identification of dominant couplings in pump-probe
experiments, as well as for designing setups where ordered phases are
manipulated using external fields.. In many cases, phonons represent
an important relaxation channel, however, in two-dimensional systems
with antiferromagnetic correlations, this relaxation channel may not be
the dominant one [1]. By applying state-of-the-art numerical simula-
tions of the t-J model [2] we show that the relaxation due to coupling
to antiferromagnetic spin excitations can be very fast [3]. We show
that the key relaxation mechanism at very short times corresponds to
the creation of high-energy antiferromagnetic excitations in the close
proximity of the photo-excited holes. Such a mechanism enables an
energy transfer of more than 1 eV on a 10 femtosecond time scale.

[1] L. Vidmar, J. Bonca, T. Tohyama, and S. Maekawa,
Phys. Rev. Lett. 107, 246404 (2011).
[2] M. Mierzejewski, L. Vidmar, J. Bonca, and P. Prelovsek,
Phys. Rev. Lett. 106, 196401 (2011).
[3] D. Golez, J. Bonca, M. Mierzejewski, and L. Vidmar,
Phys. Rev. B 89, 165118 (2014).

DY 7.5 Mon 10:45 H 0104
Pattern formation in non-equilibrium correlated electronic
systems — ∙Pedro Ribeiro1, Andrey Antipov2, and Alexey
Rubtsov1 — 1Russian Quantum Center, Business-center "Ural", No-
vaya street 100A, Skolkovo village, Odintsovo district, Moscow area,
143025 Russia — 2Department of Physics University of Michigan, Ran-
dall Laboratory, 450 Church Street, Ann Arbor, MI 48109-1040
Strong non-equilibrium conditions eventually drive a system away from
its linear response regime, deeply affecting the properties of the un-
derlying equilibrium phase. A well known example is the Rayleigh-
Bernard convection arising for classical fluids that develop convection
rolls of a specific wave-length. We report on recent results regard-
ing effects of large bias voltages applied across a half-filled Hubbard
chain. At equilibrium this system shows a charge gap and strong anti-
ferromagnetic correlations. We show that out of equilibrium the wave-
vector maximizing the spin-susceptibility shifts from its equilibrium
antiferromagnetic value 𝑞 = 𝜋 as a function of the applied voltage
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and temperature. We describe a rich set of phases induced by the
interplay between electron-electron interactions and non-equilibrium
conditions. Some of phases found are examples of non-equilibrium-
induced spacial pattern formation. We comment on the properties
and stability of these phases. Finally we argue that, although no sym-
metry breaking arises in the 1D system, these results suggest that a
spatially modulated charge gap may be observed experimentally by
STM in engineered atomic chains and nano-wires.

DY 7.6 Mon 11:00 H 0104
Time-dependent Gutzwiller wave function for the Hubbard
model in nonequilibrium — ∙Marcus Kollar1 and Christian
Gramsch1,2 — 1Theoretische Physik III, Universitität Augsburg —
2I. Institut für Theoretische Physik, Universität Hamburg
In previous studies the time-dependent Gutzwiller wave function
(GWF) has been applied to the fermionic Hubbard model in nonequi-
librium [1], using the Gutzwiller approximation which is known to
become exact in the limit of infinite lattice dimension. As an alterna-
tive, we employ the variational formalism for the GWF which applies
in arbitrary dimensions, recovering the dynamics obtained in Ref. [1].
We present results for the one-dimensional Hubbard model, for which
exact evaluations of the GWF are available. In particular we find
that the GWF captures the transient momentum distribution on short
timescales [2].

[1] M. Schiró and M. Fabrizio, Phys. Rev. Lett. 105, 076401 (2010).
[2] S. A. Hamerla and G. S. Uhrig, Phys. Rev. B 87, 064304 (2013).

15 min. break.

DY 7.7 Mon 11:30 H 0104
Nonequilibrium dynamics of screening in the extended Hub-
bard model — ∙Denis Golež and Philipp Werner — University
of Fribourg
We will present a study of the non-equilibrium dynamics in the ex-
tended Hubbard model on the square lattice using time-dependent
extended dynamical mean-field theory. The short-time effect of the
dynamical screening due to the photo-doping is the reduction of the
effective static interaction. On the same time scale the fully screened
interaction is transformed from the single to double mode structure
due to photo-doped charge carriers. At longer times the the dynami-
cal screening enhance the relaxation dynamics.

DY 7.8 Mon 11:45 H 0104
Continuous monitoring of a quantum many-body system —
∙Thomas Kiendl1, Vinay Ramasesh2, Shay Hacohen-Gourgy2,
Irfan Siddiqi2, and Florian Marquardt1 — 1Institut for Theoret-
ical Physics, Universität Erlangen-Nürnberg, Staudtstraße 7, D-91058
Erlangen, Germany — 2QNL, University of California, Berkeley
At the heart of quantum mechanics lies the fact that a measurement
causes back-action on the system itself. A prominent example is the
quantum Zeno effect. Observing a system continuously with a large
measurement strength freezes the system’s dynamics. We explore how
such phenomena transfer to a quantum many-body system, employing
a chain of qubits as an experimentally relevant example. Using the con-
cept of weak, continuous measurements we investigate new timescales
caused by continuous monitoring of the chain. In this context, we
present new results on relaxation dynamics and thermalization for both
integrable and non-integrable Hamiltonians.

DY 7.9 Mon 12:00 H 0104
Influence of quadrupolar interactions in the anisotropic cen-
tral spin model — ∙Johannes Hackmann and Frithjof B. An-
ders — Technische Universität Dortmund, Lehrstuhl für theoretische
Physik II, 44221 Dortmund, Germany
We have investigated spin noise in an ensemble of semiconductor quan-
tum dots (QDs). A single electron (or hole) doped QD is described
by the anisotropic central spin model. Additionally, the quadrupole

moments of the nuclei couple to strain induced electric fields in the
QD. We investigated the influence of these quadrupolar couplings on
the central spin dynamics, that are calculated via the correlation func-
tions ⟨𝑆𝑧(𝑡)𝑆𝑧⟩ and ⟨𝑆𝑧(𝜔)𝑆𝑧⟩. We demonstrate that our results are
in good agreement with recent experiments and show that quadrupolar
interactions have a large impact on measurements on hole doped QDs,
while they almost are negligible for the case of electron doped QDs.

DY 7.10 Mon 12:15 H 0104
The generic fixed point model for pseudo-spin-1/2 quan-
tum dots in nonequilibrium: Spin-valve systems with com-
pensating spin polarizations — Stefan Göttel1,2, Frank
Reininghaus1,2, and ∙Herbert Schoeller1,2 — 1Institute for The-
ory of Statistical Physics, RWTH Aachen — 2JARA-Fundamentals of
Future Information Technology
We study a pseudo-spin-1/2 quantum dot in the cotunneling regime
close to the particle-hole symmetric point. For a generic tunneling
matrix we find a generic fixed point with interesting nonequilibrium
properties, characterized by effective reservoirs with compensating spin
orientation vectors weighted by the polarizations and the tunneling
rates. At large bias voltage we study the magnetic field dependence of
the dot magnetization and the current. The fixed point can be clearly
identified by analysing the magnetization of the dot. We characterize
in detail the universal properties for the case of two reservoirs.

DY 7.11 Mon 12:30 H 0104
First order dynamical phase transitions — ∙Elena Canovi1,
Philipp Werner2, and Martin Eckstein1 — 1Max Planck Re-
search Department for Structural Dynamics, University of Hamburg
(CFEL), Building 99, Luruper Chaussee 149, 22761 Hamburg, Ger-
many — 2Department of Physics, University of Fribourg, 1700 Fri-
bourg, Switzerland
Recently, dynamical phase transitions have been identified based on
the non-analytic behavior of the Loschmidt echo in the thermodynamic
limit [1]. By introducing conditional probability amplitudes, we show
how dynamical phase transitions can be further classified, both math-
ematically, and potentially in experiment. This leads to the definition
of first-order dynamical phase transitions. Furthermore, we develop
a generalized Keldysh formalism which allows to use nonequilibrium
dynamical mean-field theory to study the Loschmidt echo and dynam-
ical phase transitions in high-dimensional, non-integrable models. We
find dynamical phase transitions of first order in the Falicov-Kimball
model and in the Hubbard model.

[1] Heyl et al., Phys. Rev. Lett. 110, 135704 (2013).

DY 7.12 Mon 12:45 H 0104
Holography of the toric code — ∙Johannes Oberreuter and
Stefan Kehrein — Institut für Theoretische Physik, Georg-August-
Universität Göttingen, Germany
Dynamics of quantum-many-body systems at weak coupling can be
effectively described by quasi-particles. At strong coupling, the quasi-
particle picture breaks down. Instead of resorting to numerics one can
use a duality, which relates strongly coupled (conformal) field theories
to classical, weakly coupled (Einstein) gravity in one dimension higher,
the so-called gauge/gravity duality or AdS/CFT-correspondence. The
correlation functions of the field theory can then in principle be com-
puted from a calculation in classical gravity. The correspondence, how-
ever, in general only applies to conformal field theories and it is diffi-
cult to describe systems of interest in condensed matter theory. The
observation of similarities in calculating the entanglement entropy in
AdS/CFT and in MERA, a particular tensor network of a quantum
state, has led to the conjecture that MERA might be a discrete version
of the gauge-gravity duality. It is in principle possible to represent any
quantum state in MERA. We investigate this idea in the toric code,
where the representation is known exactly [1] and comment on the
non-generic behaviour of this model including its dynamics.

[1] M. Aguado, G. Vidal, Phys. Rev. Lett. 100, 070404 (2008).
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DY 8: Networks - From Topology to Dynamics Part I (joint session SOE/ DY / BP)

Time: Monday 12:15–13:15 Location: MA 001

DY 8.1 Mon 12:15 MA 001
How mutational networks shape evolutionary processes —
∙Henning Siemen, Benjamin Maier, and Dirk Brockmann —
Robert Koch-Institut, Berlin
Dynamic processes on complex networks have attracted a lot of atten-
tion in the past. The majority of the studies focus on understanding
how topological network features shape dynamics. Several interesting
results have been obtained in the context of epidemics and contagion
phenomena recently, for instance the absence of epidemic thresholds
in scale free networks, or the context of synchronization phenomena
where certain network topologies can sustain chimera states. How-
ever, evolutionary processes on networks received comparatively little
attention. It is largely unresolved how network topologies influence
mutation and selection dynamics. Here, we investigate a network sys-
tem of genetic strains in which each node represents a strain and links
represent possible mutational pathways. We compare generic network
topologies ranging from ordinary lattices and Erdos-Renyi networks to
small world and scale free networks. We find that network topologies
can have a substantial impact on equilibrium strain distributions. We
show that locally clustered networks such as small world and lattice
topologies tend to generate local maxima composed of communities
with high fitness. Furthermore, we find that scale free topologies as
opposed to ER networks are more likely to exhibit a lower error thresh-
old.

DY 8.2 Mon 12:30 MA 001
Possible Origin of Stagnation and Variability of Earth’s
Biodiversity — ∙Jan Nagler1, Theo Geisel2, and Frank
Stollmeier2 — 1ETH Zurich — 2MPI DS, Göttingen
The magnitude and variability of Earth’s biodiversity have puzzled
scientists ever since paleontologic fossil databases became available.
We identify and study a model of interdependent species where both
endogenous and exogenous impacts determine the nonstationary ex-
tinction dynamics. The framework provides an explanation for the
qualitative difference of marine and continental biodiversity growth.
In particular, the stagnation of marine biodiversity may result from a
global transition from an imbalanced to a balanced state of the species
dependency network. The predictions of our framework are in agree-
ment with paleontologic databases.
[1] Stollmeier, Geisel, Nagler, Phys. Rev. Lett. 112, 228101 (2014)

DY 8.3 Mon 12:45 MA 001

Excitable dynamics and cellular automata dynamics on loop-
free networks — ∙Anne-Wiebke Harder1,2 and Jens Christian
Claussen2,1 — 1Institut für Neuro- und Bioinformatik, Universität
zu Lübeck — 2Computational Systems Biology Lab, Jacobs Univer-
sity Bremen
Spreading dynamics on graphs or networks have attracted considerable
attention in the context of pattern formation and infection dynamics
[1]. Here we investigate patterns generated by excitable dynamics [2]
comprised by the states of susceptible - excitable - recovered, as well
as cellular automata dynamics started from a localized seed on lattices
and loop-free graphs [3]. The latter type of dynamics exhibits inter-
esting characteristics as 1/f type spectra [4] and relates to new integer
sequences [5]. Finally we investigate cellular-automata (CA) like lim-
iting cases of the SER dynamics.
[1] C. Kamp PLoS Comput Biol 6 e1000984 (2010)
[2] M. Müller-Linow, C. Marr, M.-T. Hütt, Phys. Rev. E 74 026112
(2006)
[3] J.C. Claussen, J. Math. Phys. 49 062701 (2009)
[4] J. Nagler and J.C. Claussen Phys. Rev. E 71 067103 (2005)
[5] J.C. Claussen, in: Online Encyclopedia of Integer Sequences, entries
http://oeis.org/A138276 and http://oeis.org/A138277 (2008)

DY 8.4 Mon 13:00 MA 001
Noise in Coevolving Networks — ∙Marina Diakonova, Victor
Eguiluz, and Maxi San Miguel — Instituto de Física Interdisci-
plinar y Sistemas Complejos IFISC (CSIC-UIB), E07122 Palma de
Mallorca, Spain
Coupling dynamics of the states of the nodes of a network to the dy-
namics of the network topology leads to generic absorbing and frag-
mentation transitions. The coevolving voter model is a typical sys-
tem that exhibits such transitions at some critical rewiring. We study
the robustness of these transitions under two distinct ways of intro-
ducing noise. Noise affecting all the nodes destroys the absorbing-
fragmentation transition, giving rise in finite-size systems to two ad-
ditional regimes: bimodal magnetisation and dynamic fragmentation.
Noise Targeting a fraction of nodes preserves the transitions but in-
troduces shattered fragmentation with its characteristic fraction of iso-
lated nodes and one or two giant components. Both the lack of absorb-
ing state for homogenous noise and the shift in the absorbing transition
to higher rewiring for targeted noise are supported by analytical ap-
proximations.

DY 9: Brownian Motion and Transport (Joint session DY/ CPP/ TT)

Time: Monday 15:00–18:45 Location: BH-N 243

Invited Talk DY 9.1 Mon 15:00 BH-N 243
universal statistics of records in random sequences — ∙satya
majumdar — cnrs, lptms, universite paris-sud, orsay, france
Records are rather common in everyday life: we are always talking of
record rainfall, record temperature, records in sports and stock prices
etc. When the random sequence consists of independent random vari-
ables, the record statistics is well known. In this talk, I’ll discuss the
record statistics in a strongly correlated random walk sequence and
show that they are universal, i.e., independent of the noise (jump) dis-
tribution. Several applications and extensions will be discussed–such
as the effect of a constant drift and the effect of measurement errors.

DY 9.2 Mon 15:30 BH-N 243
Three-dimensional Brownian motion of 3D-shaped particles
— ∙Felix Höfling — Max Planck Institute for Intelligent Sys-
tems, Stuttgart, and Institute for Theoretical Physics IV, Universität
Stuttgart, Germany
The three-dimensional (3D) Brownian motion of colloidal particles of
general 3D-shape is considered in the overdamped limit. First for an
ellipsoidal particle, the Smoluchowski equation for the joint distribu-
tion of position and orientation is solved exactly through an expansion
in moments. The non-Gaussian parameter is shown to simultaneously
quantify the anisotropic positional diffusion and the orientational diffu-

sion. The results are applied further to the interpretation of scattering
experiments (e.g., dynamic light scattering) on suspensions of active
(self-propelled) and passive nanoparticles.

Second, a screw-like shape, paradigmatic for chiral particles, is stud-
ied which gives rise to a strong hydrodynamic coupling between rota-
tion and translation. Coupled Langevin equations for the six degrees
of freedom are used to calculate auto- and cross-correlation functions
of first and second order exactly. A suitable displacement–orientation
correlation is shown to display a maximum at intermediate times, from
which the strength of the rotation–translation coupling can be inferred.
Finally, the above findings are generalised for a hydrodynamic friction
matrix of general form, which encodes an arbitrary particle shape.
The analytical results are supported by numerical simulations of the
corresponding stochastic equations.

DY 9.3 Mon 15:45 BH-N 243
Velocity fluctuations of Brownian particle in inhomogeneous
media and driven by colored noise as a sourse of 1/f fluctua-
tions — ∙Rytis Kazakevicius and Julius Ruseckas — Institute of
Theoretical Physics and Astronomy, Vilnius University, A. Gostauto
12, LT-01108 Vilnius, Lithuania
Nonlinear stochastic differential equations generating signals with 1/f
spectrum in a broad range of frequencies have been used so far to
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describe socio-economical systems [1]. We have derived such equa-
tion from Langevin equations that describe the motion of a Brownian
particle in an inhomogeneous environment. The inhomogeneous envi-
ronment can be a result of a linear potential affecting the Brownian
particle together with the steady state heat transfer due to the differ-
ence of temperatures at the ends of the medium. The correlation of
collisions between the Brownian particle and the surrounding molecules
can lead to the situation where the finite correlation time becomes im-
portant, thus we have investigated the effect of colored noise in our
model. Existence of colored noise leads to the additional restriction
of the diffusion and exponential cut-off of the distribution of particle
positions. Narrower power law part in the distribution of the parti-
cle positions results in the narrower range of frequencies where the
spectrum has power law behavior.

[1] V. Gontis, J. Ruseckas and A. Kononovicius, Physica A, 389 100
(2010).

DY 9.4 Mon 16:00 BH-N 243
Hydrodynamically enforced entropic trapping of Brown-
ian particles — ∙Steffen Martens1, Arthur Straube2, Ger-
hard Schmid3, Lutz Schimansky-Geier2, and Peter Hänggi3

— 1Technische Universität Berlin, Berlin, Germany — 2Humboldt-
Universität zu Berlin, Berlin, Germany — 3Universität Augsburg,
Augsburg, Germany
In small systems spatial confinement causes entropic forces that in
turn implies spectacular consequences for the control for mass and
charge transport. Therefore, recent efforts in theory triggered activi-
ties which allow for an approximate description that involves a reduc-
tion of dimensionality. Up to present days, the focus was on the role
of conservative forces and its interplay with confinement. Within the
presented work, we overcome this limitation and succeeded in consid-
ering also ”magnetic field” like, so termed non-conservative forces that
derive from a vector potential [S. Martens et al., Phys. Rev. Lett. 110,
010601 (2013)]. A relevant application is the fluid flow across microflu-
idic structures where a solute of Brownian particles is subject to both,
an external bias and a pressure-driven flow. Then a new phenomenon
emerges; namely, the intriguing finding of identically vanishing average
particle flow which is accompanied by a colossal suppression of diffu-
sion [S. Martens et al., arXiv:1407.5673]. This entropy-induced phe-
nomenon, which we termed hydrodynamically enforced entropic trap-
ping, offers the unique opportunity to separate particles of the same
size in a tunable manner [S. Martens et al.,Eur. Phys. J. ST 222,
2453-2463 (2013)].

DY 9.5 Mon 16:15 BH-N 243
On the Applicability of the Caldeira-Leggett Model to Con-
densed Phase Vibrational Spectroscopy — ∙Fabian Gottwald,
Sergei Ivanov, and Oliver Kühn — Institut für Physik University
of Rostock, Rostock, Germany
Formulating a rigorous system-bath partitioning approach remains an
open issue. In this context the famous Caldeira-Leggett (CL) model
that enables quantum and classical treatment on equal footing has
enjoyed popularity. Although this model is by any means useful as a
theoretical tool, its validity for describing anharmonic dynamics of real
systems is often taken for granted. We investigate the applicability of
the model by comparing the spectra resulting from the Generalized
Langevin dynamics that is based on the CL model, with their coun-
terparts from explicit classical molecular dynamics. It is shown that
the model is not able to describe real systems unless the system part
of the potential is effectively harmonic. We demonstrate that it is this
anharmonicity, that is at the core of all deficiencies of the model and
also point out the mathematical origin of its breakdown.

15 min. break

DY 9.6 Mon 16:45 BH-N 243
Dynamics of stochatic resisitive switching — ∙Paul Radtke1,
Arthur Straube1, Andrew Hazel2, and Lutz Schimanksy-
Geier1 — 1Department of Physics, Humboldt-Universität zu Berlin,
Berlin, Germany — 2School of Mathematics, University of Manchester,
Manchester, UK
Classes of dielectrics such as 𝑇 𝑖𝑂2 alter their resistance under the in-
fluence of an electric field or a current flowing through the system, an
effect called resistive switching (RS). Thereby the resistance depends
also on the past states of the system, it has a memory.

We will show how a particular one-dimensional lattice model for a

bipolar device. In it, oxygen vacancies hop in between consequetive
sites and thereby alter local resistances. Their dynamics governed by a
Master equation with jumping rates modulated by an external electric
field. We discuss the system properties and show that dynamics of the
vacancies can be formulated in terms of a Burgers like equation. With
its help the underlying motion of the oxygen vacancies is interpreted
as nonlinear traveling waves.

DY 9.7 Mon 17:00 BH-N 243
Simulation of colloidal particles in channel geometries —
∙Ullrich Siems and Peter Nielaba — University of Konstanz, Ger-
many
This talk will present the results of Brownian Dynamics Simulations
of colloidal particles in external fields confined in channels. Colloidal
particles are well suited model-systems for a variety of problems on
different length scales, ranging from gravitational collapses over the
description of pedestrians to models for atomic sized problems. In
such systems confinement into channels can have a great influence on
the diffusion and transport properties.

DY 9.8 Mon 17:15 BH-N 243
Nonlinear Microrheological response to a step force —
∙Thomas Franosch — Institut für Theoretische Physik, Leopold-
Franzens-Universität Innsbruck, Innsbruck, Austria
In a microrheological experiment the thermal or forced motion of a
colloidal particle is monitored to obtain information on mechanical
properties of the surroundings. While the linear response is well-
characterized in terms of the fluctuation-dissipation theorem, few exact
results are available for strong driving.

Here we consider the time-dependent velocity of a colloidal particle
immersed in a dilute suspension of hard spheres in response to switch-
ing on a finite constant force. The dimensionless number quantifying
the strength of the driving is the Péclet number Pe = 𝐹𝜎/𝑘𝐵𝑇 . We
present an analytical solution exact to first order in the packing frac-
tion. In particular, we show that at finite times the response is an
analytic function of the Péclet number, but displays singular behavior
for infinite times. Our solution technique extends the stationary state
calculation [1] to the time-dependent case. The non-commutitavity of
the limits Pe → 0 and time 𝑡 → ∞ is traced back to the long-time
tail in the velocity-autocorrelation function due to repeated encoun-
ters with the same colloid. The scenario is strongly reminiscent of a
driven particle in a lattice Lorentz model with frozen obstacles [2], and
corroborates that linear response becomes qualitatively wrong at long
times for arbitrarily small driving.

[1] T.M Squires and J.F. Brady, Phys. Fluids 17, 073101 (2005)
[2] S. Leitmann, T. Franosch, Phys. Rev. Lett. 111, 190603 (2013)

DY 9.9 Mon 17:30 BH-N 243
Enhancement of mobility in a feedback controlled 1D col-
loidal system with repulsive interactions — ∙Robert Gernert
and Sabine H. L. Klapp — Institut für theoretische Physik, Tech-
nische Universität Berlin
Feedback control schemes are a promising way to design static and dy-
namic properties of colloidal suspensions [1]. In the collective transport
of colloids through 1D tilted washboard potentials clusters of attractive
particles are known to overcome the hindering influence of the potential
barriers [2]. Here we consider a corresponding system with repulsive
interactions. To enhance the mobility we propose a feedback control
scheme and demonstrate its function theoretically. The control is mod-
elled by a symmetrically confining potential, like an optical tweezer,
and it is always centered around the mean particle position. For the
theoretical demonstration we use Dynamical Density Functional The-
ory (DDFT) with ultra-soft as well as hard-core particle interactions.
For either type of interaction the influence of the hindering washboard
potential can be suppressed completely – corresponding to an enhance-
ment of the mobility by several orders of magnitude. Further, in the
regime of moderate amplification velocity oscillations are induced.

[1] B. Qian, D. Montiel, A. Bregull, F. Cichos, and H. Yang, Chem.
Sci. 4, 1420 (2013)

[2] M. Evstigneev, S. von Gehlen, and P. Reimann, PRE 79, 011116
(2009)

DY 9.10 Mon 17:45 BH-N 243
Surface interactions of active Janus particles on a hexagonal
close-packed colloidal crystal surface — ∙Udit Choudhury1,
John G. Gibbs1,2, and Peer Fischer1,3 — 1Max Planck Institute
for Intelligent Systems, Heisenbergstr. 3, 70569 Stuttgart, Germany
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— 2Dept. of Physics & Astronomy, Northern Arizona University,
Flagstaff, AZ 86011, USA — 3Institute for Physical Chemistry, Uni-
versity of Stuttgart, Pfaffenwaldring 55, 70569 Stuttgart, Germany
Autonomous, self-driven colloidal particles are being given greater at-
tention in recent years due to the interesting dynamics associated
with out-of-equilibrium systems. Although particle-particle interac-
tions of active colloids, e.g. self-assembly and clustering, are begin-
ning to be regularly studied, particle-surface interactions are less well
investigated. Herein, we empirically study the surface interactions of
spherical Janus-particles half-coated with Pt in the presence of hydro-
gen peroxide. The surface consists of close-packed 2D monolayer of
hard spheres (beads). This non-planar surface thus corresponds to a
periodic potential akin to a fcc (111) lattice face. In this way, the
system is an analogue of surface diffusion of adatoms that possess ki-
netic energy. We find that as the concentration of hydrogen peroxide
is increased, the effective translational diffusion also increases which
is comparable to enhanced diffusion of adatoms on surfaces at higher
temperatures. Rotational diffusion dictates fluctuations in the orien-
tation of the driven bead that lead to jumps form one potential well
to its nearest neighbor.

DY 9.11 Mon 18:00 BH-N 243
Charged transfer in a dynamical Landau-Zener Model: Ap-
plication in QCA — ∙Alejandro Santana-Bonilla1, Mirna
Kramar1, Rafael Gutierrez1,2, and Giovanni Cuniberti1,2 —
1Technische Universität Dresden Faculty of Mechanical Science and
Engineering Institute for Materials Sciences — 2Max Bergmann Cen-
ter of Biomaterials
The development of molecular based quantum cellular automata
(mQCA) would open the possibility to low-dissipation information pro-
cessing. One key parameter in the mQCA paradigm is the stability
of intra-molecular charge transfer, which guarantees the association
of *1* and *0* to two different charge configurations in the mQCA
building cell. Especifically, a given charge configuration needs to be
stable against thermal fluctuations. Also important is how the mQCA
charge state reacts to an external driver with a given time-dependence.
In this study we present a theoretical study based on the solution of
the time-dependent Schrödinger equation to describe intra-molecular
charge transfer in an effective model of an mQCA cell under the ac-
tion of a time-dependent driver field and including thermal fluctua-
tions. The model is parametrized via first-principle calculations in
a toy molecular system able to catch the minimal requirements of a
m-QCA cell

DY 9.12 Mon 18:15 BH-N 243
Calibration free 3D tracking of confined nanoparticles in a

tunable nanofluidic slit — ∙Stefan Fringes, Michael Skaug,
Heiko Wolf, Urs T. Dürig, and Armin W. Knoll — IBM Re-
search, 8803 Rüschlikon, Switzerland
We investigate the behavior of nanoparticles in a nanofluidic slit with
tunable confinement and spatial and temporal resolution of 10nm and
2ms, respectively. The high speed detection of the particles’ X, Y
and Z coordinates allows us to obtain the spatiotemporal probability
distribution of individual particles and thus to study their confining
potential-landscape both in lateral and vertical direction. To obtain
the 3D trajectory of a nanometer-sized particle we use interferomet-
ric scattering detection (iSCAT). The method exploits the interference
between the scattered wave from the particles and the highly reflec-
tive reference surface for a precise localization in vertical direction
[1]. Evaluating the particle contrast for varying slit distances enables
us to measure the scattering phase, amplitude, and consequently the
z-position of individual particles without prior calibration of the par-
ticle contrast [2]. Precise knowledge of the nanoparticles’ paths and
surrounding potentials allows us to study confinement effects on Brow-
nian motion and charge regulation at the participating interfaces. It
further enables us to precisely trap and immobilize nanoparticles at a
specific location on the substrate.

[1] P. Kukura et al., Nature Methods 6, 923-927 (2009).
[2] N. Mojarad et al., Optics Express 21, 8, 9377-9389 (2013).

DY 9.13 Mon 18:30 BH-N 243
Towards single molecule trapping and manipulation with dy-
namic temperature gradients — Marco Braun, Andreas Breg-
ulla, and ∙Frank Cichos — Molecular Nanophotonics Group, Uni-
versität Leipzig, Linnéstraße 5, 04103 Leipzig
Single nano-objects in solution are driven by Brownian motion which
is fueled by thermal energy. These Brownian fluctuations increase in
strength with increasing temperature. Therefore, it is at first glance
counter intuitive to confine Brownian fluctuations with the help of ele-
vated temperatures. In thermal nonequilibrium, however, temperature
gradients induce thermo-phoretic and thermo-osmotic drifts which pro-
vide the means for single particle manipulation in solution. Here we
describe experiments which use optically heated metal nanostructures
to create dynamical temperature profiles in solution. These tempera-
ture profiles induce well defined thermo-phoretic drift fields and act as
effective potentials for objects suspended in liquid. Combined with op-
tical feedback mechanisms, such effective potentials can be shaped to
store and manipulate single or even multiple objects in a small observa-
tion volume. The developed thermophoretic trapping system therefore
paves the way for extended single molecule studies in solution or even
well-controlled bi- or multi molecular interaction studies.

DY 10: Quantum Dynamics, Decoherence and Quantum Information (joint session DY/ TT)

Time: Monday 15:00–18:30 Location: BH-N 334

DY 10.1 Mon 15:00 BH-N 334
Cooling a Magnetic Nanoisland by Spin-Polarized Currents
— ∙Peter Nalbach1, Jochen Brüggemann1, Stephan Weiss2,
and Michael Thorwart1 — 1I. Institut für Theoretische Physik,
Universität Hamburg, Germany — 2Theoretische Physik, Universität
Duisburg-Essen and CENIDE, Germany
We investigate cooling of a vibrational mode of a magnetic quan-
tum dot by a spin-polarized tunnelling charge current exploiting the
magneto-mechanical coupling. The spin-polarized current polarizes
the magnetic nano-island, thereby lowering its magnetic energy. At
the same time, Ohmic heating increases the vibrational energy. A
small magneto-mechanical coupling then permits us to remove energy
from the vibrational motion and cooling is possible. We find a reduc-
tion of the vibrational energy below 50% of its equilibrium value. The
lowest vibration temperature is achieved for a weak electron-vibration
coupling and a comparable magneto-mechanical coupling. The cooling
rate increases at first with the magneto-mechanical coupling and then
saturates.

see: Phys. Rev. Lett. 113, 076602 (2014).

DY 10.2 Mon 15:15 BH-N 334
Dissipative Landau-Zener transitions with longitudinal and
transversal noise — ∙Samaneh Javanbakht, Peter Nalbach,

and Michael Thorwart — I. Institut f\”{u}r Theoretische Physik
Universit\”{a}t Hamburg Jungiusstra\ss{}e 9, 20355 Hamburg
We have studied the Landau-Zener transition probability in a dissi-
pative environment exhibiting both, longitudinal as well as transver-
sal, noise. We employed the numerically exact quasi-adiabatic path
integral as well as the approximate nonequilibrium Bloch equations.
We find that transversal noise influences the Landau-Zener probabil-
ity much stronger than longitudinal noise at equal temperature and
system-bath coupling. Furthermore we reveal that transversal noise
renormalizes the tunnel coupling independent of temperature. Finally,
we observe that longitudinal and transversal noise cannot be treated
independently but are correlated. This results in an unexpected de-
pendence on the relative sign of the transversal and the longitudinal
system-bath coupling.

DY 10.3 Mon 15:30 BH-N 334
Landau-Zener transitions in a bosonic bipartite quantum
system — ∙Katharina Kopper, Ralf Blattmann, and Peter
Hänggi — Universität Augsburg, D-86135 Augsburg
We study a bipartite quantum system consisting of two coupled optical
micro-cavities as an analogue of the bosonic Landau-Zener setup. To
account for dissipative effects we employ a Markovian master equation
to describe the open system dynamics.
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Within this framework we regard the time evolution of the system
and its dependency on the characteristic parameters and discuss our
findings.

DY 10.4 Mon 15:45 BH-N 334
Verification for quantum emulation in thermal equilibrium —
∙Iris Schwenk, Michael Marthaler, and Gerd Schön — Institut
für Theoretische Festkörperphysik - KIT , Karlsruhe
A quantum emulator is an experimental setup that mimics an inter-
esting physical system of some relevance for physics or applications.
In order to explore the reliability of a quantum emulator we analyse
a system-bath setting in thermal equilibrium. Therefore we compute
the reduced density matrix of the system analytically. Applying a di-
agrammatic approach we get a determining equation for the reduced
density matrix. Using this equation we discuss restrictions of the scal-
ability of a quantum emulator and possibilities to avoid them.

DY 10.5 Mon 16:00 BH-N 334
Fully pulse-controlled gate operations on qubit chains with al-
ways on coupling — Holger Frydrych1, ∙Michael Marthaler2,
and Gernot Alber1 — 1Institut für Angewandte Physik, Technische
Universität Darmstadt, D-64289 Darmstadt — 2Institut für Theoretis-
che Festkörperphysik , Karlsruhe Institute of Technology (KIT), 76131
Karlsruhe, Germany
We investigate a linear chain of qubits with strong, always-on nearest-
neighbour couplings. Always-on coupling is simple to realize, but it
raises the question of how to decouple the qubits. One possibility
would be strong detuning, but the energy splitting of many qubits can
only be changed slowly or the energy is fixed by tuning to a symme-
try point which reduces decoherence.We propose a selective dynamical
decoupling scheme, which is capable of dynamically suppressing any
coupling in the chain as needed, by applying certain sequences of lo-
cal pulses to individual qubits. We demonstrate how this pulse control
can be used to implement single-qubit rotations and an entangling two-
qubit gate between any neighbouring qubits in the chain. We find that
high fidelities can be achieved as long as the number of permanently
coupled qubits is not too large. As a specific example we discuss the
concrete parameters needed to implement our proposal with supercon-
ducting flux qubits.

DY 10.6 Mon 16:15 BH-N 334
Entanglement content of non-equilibrium steady states —
∙Zoltán Zimborás1 and Viktor Eisler2 — 1University College
London, UK — 2Eötvös University, Budapest, Hungary
We study the nonequilibrium steady state of a chain of harmonic os-
cillators and a chain of free fermions, resulting from an initial state
where the two sides of the system are prepared at different tempera-
tures. The steady state is constructed explicitly and the logarithmic
negativity and mutual information is calculated between two adjacent
segments of the chain. We find that, for the fermion chain the mutual
information diverges logarithmically, while for the harmonic chain the
steady-state negativity follows an area law and is a sum of contribu-
tions pertaining to left- and right-moving excitations emitted from the
two reservoirs. As a particular case, we also discuss a local quench
where both sides of the chain are initialized in their respective ground
states.

[1] V. Eisler, Z. Zimborás, Phys. Rev. A 89, 032321 (2014)
[2] V. Eisler, Z. Zimborás, arXiv:1406.5474

DY 10.7 Mon 16:30 BH-N 334
Numerical Complexity in Non-Markovian Quantum Dynam-
ics — ∙Michael Wiedmann and Jürgen T. Stockburger — Insti-
tute for Complex Quantum Systems, Ulm University, Albert-Einstein-
Allee 11, D-89069 Ulm
Decoherence phenomena beyond perturbation theory are common-
place in condensed-matter physics, biophysics and strongly driven sys-
tems. The stochastic Liouville-von Neumann equation (SLN) [1] builds
an exact, time-local and non-perturbative framework to tackle non-
Markovian open system dynamics in these cases. In this technique the
propagation of individual samples is non-unitary, the norm of quan-
tum states is not preserved. Any resource-conscious numerical imple-
mentation faces the problem of deteriorating signal-to-noise ratios and
increasing numbers of required trajectories. We present a propagation
scheme that offers significant advances in sample statistics’ efficiency
with emphasis on strong dephasing. Apart from transient dynamics
we consider system correlation functions of steady states in equilibrium

and non-equilibrium settings.
[1] J. T. Stockburger and H. Grabert, PRL 88, 170407 (2002)

15 min. break

DY 10.8 Mon 17:00 BH-N 334
Universal short-time response and formation of correlations
after quantum quenches — ∙Klaus Morawetz — Münster Uni-
versity of Applied Sciences, Stegerwaldstrasse 39, 48565 Steinfurt,
Germany — International Institute of Physics (IIP), Avenida Odilon
Gomes de Lima 1722, 59078-400 Natal, Brazil — Max-Planck- Insti-
tute for the Physics of Complex Systems, 01187 Dresden, Germany
The short-time evolution of two distinct systems, the pump and probe
experiments with semiconductor and the sudden quench of cold atoms
in an optical lattice, is found to be described by the same universal
response function. This analytic formula at short time scales is derived
from the quantum kinetic theory approach observing that correlations
need time to be formed. The influence of finite trapping potential is de-
rived and discussed as well as Singwi-Sjølander local field corrections.
The quantum kinetic equation allows to understand how two-particle
correlations are formed and the screening and collective modes are
build up.
K. Morawetz, Phys. Rev. B 90 (2014) 075303:
K. Morawetz, P. Lipavský, M. Schreiber, Phys. Rev. B 72 (2005)
233203:
K. Morawetz, Phys. Rev. E 66 (2002) 022103:
K. Morawetz, M. Bonitz, V. G. Morozov, G. Röpke, D. Kremp, Phys.
Rev. E 63 (2001) 20102:
K. Morawetz, V. Spicka, P. Lipavský: Phys. Lett. A 246 (1998) 311:

DY 10.9 Mon 17:15 BH-N 334
Computing the Markovian dynamics of periodically driven
systems — ∙Daniel Pagel, Andreas Alvermann, and Holger
Fehske — Institut für Physik, Ernst-Moritz-Arndt-Universität, 17487
Greifswald, Germany
The dissipative dynamics of a quantum system that is weakly coupled
to an environment can be studied with Markovian master equations.
Solution of the master equation requires the choice of a computational
basis. In this work we describe how exact diagonalization and the Flo-
quet approach can be combined in a solution strategy for the master
equation that is applicable also for periodically driven systems. For
the example of strongly coupled quantum bits, where the usually em-
ployed quantum optical master equation has to be replaced by the
master equation in the coupled eigenbasis, we compute the dissipative
dynamics of initially entangled states and study the properties of the
asymptotic state using correlation functions.

DY 10.10 Mon 17:30 BH-N 334
Non-equilibrium quantum dynamics of Gaussian states in
open harmonic chains — ∙Thomas Motz, Jürgen T. Stock-
burger, and Joachim Ankerhold — Institute for complex quantum
systems, Ulm University, Albert-Einstein-Allee 11, D-89069 Ulm, Ger-
many
Strong driving in open quantum systems can reveal counterintuitive
effects such as the dynamical creation of negative entropy changes [1]
and entanglement between two Gaussian modes in a common reservoir
[2]. The effect that dissipation and strong driving in combination can
lead to specific quantum characteristics like entanglement and offers
much potential for quantum information processing and the studies of
mesoscopic thermodynamics. A rich tool to study dynamic effects in
open systems proved to be the stochastic Liouville-von Neumann equa-
tion [3]. We avoid the stochastic sampling in our approach where the
dynamics of the covariance matrix in a few-body system is directly de-
scribed by a deterministic equation of motion. We apply this approach
to a bipartite asymmetric system where entanglement generation and
its sensitivity to the asymmetry is studied. Since the memory require-
ments for Gaussian states grow only quadratically with system size,
our approach is also targeted at more complex settings like multiple
coupled modes in a common or several separated reservoirs. Our equa-
tions of motion allow optimal control theory to be applied with ease.

[1] R. Schmidt et al., PRL 107, 130404 (2011).
[2] R. Schmidt et al., PRA 88, 052321 (2013).
[3] J. T. Stockburger and H. Grabert, PRL 88, 170407 (2002).

DY 10.11 Mon 17:45 BH-N 334
Markovianity and Consistency in closed spin lattices —
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∙Daniel Schmidtke and Jochen Gemmer — Fachbereich Physik,
Universität Osnabrück, Osnabrück, Germany
Dynamics of closed quantum systems may be mapped onto stochas-
tic processes in case they are in accordance with conditions regard-
ing Markovianity and Consistency. These conditions can be derived
from the path measures of the Consistent Histories approach by intro-
ducing a decoherence functional and conditional transfer-probabilities.
Depending on the so called memory range one distinguishes one-step,
two-step, ... etc. Markovianity. To demonstrate that these conditions
are indeed fulfilled in some closed quantum systems an detailed nu-
merical investigation of spin lattices has been done by directly quanti-
fying the negligible Non-Markovianity and negligible Non-Consistency.
Though Markovianity and Consistency show very similar dependencies
on, e.g., the time steps between measurements or coupling strengths
within the spin system, there are no analytical proofs regarding this
correlation.

DY 10.12 Mon 18:00 BH-N 334
Dynamics of the dissipative Dicke Model for a large num-
ber of atoms — ∙Christos Bokas, Björn Kubala, and Joachim
Ankerhold — Institute for Complex Quantum Systems, Ulm Univer-
sity, Ulm, Germany
The Dicke Hamiltonian is used to model the coupling of a cloud of
atoms to a harmonic oscillator mode. In the thermodynamic limit, a
phase transition occurs when increasing the coupling strength, shifting
the system from a ’normal’ to a ’superradiant’ state, which exhibits
strong correlations between the two subsystems.

Dynamics close to this equilibrium state is described by the well-

known Holstein-Primakov approach [1] in terms of two effective Hamil-
tonians containing two coupled harmonic degrees of freedom.

We aim to describe the full coherent and dissipative dynamics by
deriving a mapping to a single effective potential valid for a large num-
ber of atoms. Starting from a highly excited atomic state, oscillations
of excitations between atoms and cavity and the eventual decay to
equilibrium can, hence, be studied within this approach.

[1] C. Emary and T. Brandes, Phys. Rev. E 67, 066203 (2003).

DY 10.13 Mon 18:15 BH-N 334
Dynamics of the dissipative Dicke model: superradiance
of cold atoms via a superconducting cavity — Sebastian
Fuchs1,2, ∙Björn Kubala1, Miles Blencowe3, and Joachim
Ankerhold1 — 1Insitute for Complex Quantum Systems, Ulm Uni-
versity, Ulm, Germany — 2Northwestern University, Evanston IL,
USA — 3Dartmouth College, Hanover NH, USA
Superradiance is associated with two physical effects: Firstly, the co-
operative emission of radiation of a large number of excited atoms into
free space in a quick, strong ‘superradiant burst’. Secondly, for suf-
ficiently strong coupling of many atoms to an electromagnetic cavity
mode, modeled with the Dicke Hamiltonian, a ‘superradiant phase’ is
found, which shows macroscopic photon occupation and atomic exci-
tation.

The two facets of superradiance can be combined in studying the
dissipative dynamics of an initially excited state of the atoms towards
equilibrium. We identify and characterize the analogue of the free-
space burst in this scenario, and discuss how signatures of normal or
superradiant phase are observable for a mesoscopic number of atoms.

DY 11: Colloids and Complex Liquids II (joint session CPP/ DY)

Time: Monday 15:00–18:45 Location: C 130

DY 11.1 Mon 15:00 C 130
TIRM at liquid/liquid interfaces — ∙Kilian Dietrich — Uni-
versity of Stuttgart, Germany
Total Internal Reflection Microscopy (TIRM) is a well-established
method for the direct measurement of interaction potentials between
a spherical colloidal particle and a solid wall. It is based on the track-
ing of the particle’s vertical motion from which interaction forces with
the interface can be inferred with a resolution down to 10fN. In con-
trast to previous measurements, which were performed at solid/liquid
interfaces, here we demonstrate that TIRM can be applied also to liq-
uid/liquid interfaces. These are of special interest not only due to their
frequent appearance but they also exhibit an exceptional smoothness.
In our study, we present a novel inverted TIRM apparatus which is
capable to measure the motion of a colloidal probe particle in wa-
ter close to an oil-water interface. First measurements indicate the
counterplay of electrostatic interactions and van-der-Waals forces for
interfaces treated with different ionic and non-ionic surfactants. In
each case surface charge densities of particle and interface could be de-
termined. The detailed knowledge of interactions can provide valuable
information for the stability of emulsions and dispersions.

DY 11.2 Mon 15:15 C 130
Short Ranged Repulsive Energy in Oscillatory Structural
Forces — ∙Sebastian Schön and Regine von Klitzing — Tech-
nische Universität Berlin Strasse des 17. Juni 124 D-10623 Berlin
Oscillatory structural forces are a genuine feature observed for simple
and complex fluids in the vicinity of smooth wall. The origin of these
forces is related to the characteristic quality of molecules or nanopar-
ticles to form well-ordered layers in the vicinity of a confining wall.
These forces can be described by the following function as proposed
by Israelachvilli: f(x)=-A*e^(-x/𝜉)*cos(2𝜋(x-Δx)/𝜆), with f the force
as a function of x, the separation. The Amplitude A describes the
strength of the particle interaction, the decay length 𝜉 is a measure of
how fast the order decays and the wavelength 𝜆 is directly related to
the inter-particle distance. Structural oscillation forces are long ranged
compared to the common DLVO forces and can be used in a variety
of applications e.g. oil removal or separation of bidisperse particle
suspensions For both it is important to know the strength of the oscil-
latory forces at very small separations. An additional repulsive term is
introduced to describe deviations observed between experimental data
and the common fit function, this allows accurate fitting of experi-

mental data down to very small separations and removes systematic
deviations in A, 𝜆 and 𝜉 depending on the starting point of the fit. The
short ranged repulsive energy described by the new term is investigated
at different particle concentrations, measurement speed and under the
addition of NaOH, HCl and NaCl at different concentrations.

DY 11.3 Mon 15:30 C 130
Complex nanoparticle arrangements via wrinkle-assisted self-
assembly — ∙Christoph Hanske, Moritz Tebbe, Christian
Kuttner, Munish Chanana, Tobias König, and Andreas Fery
— Physical Chemistry II, University of Bayreuth, 95447, Germany
Template-assisted assembly enables the arrangement of colloidal parti-
cles into well-defined structures that often demonstrate special optical,
biological, or catalytic functionality due to the hierarchical internal
organization. A major bottleneck so far is the limited scalability of
lithographic template fabrication. As an alternative strategy, we uti-
lize wrinkled elastomer substrates exhibiting periodicities on the mi-
cron or submicron scale. The topographic features of such templates
allow the arrangement of hydrophilic nanoparticles into regular, close-
packed chains, which can further be transferred site-selectively onto
flat substrates by wetting controlled printing. This versatile method is
applicable for polymeric, inorganic and metallic particles with spheri-
cal as well as anisotropic shapes. We discuss the influence of interfacial
properties originating from the employed particle and substrate coat-
ings and demonstrate the formation of complex structures on chemi-
cally patterned substrates.[1] Further, the realization of macroscopic,
gold nanoparticle assemblies is shown.[2, 3] Due to small interparticle
distances of few nanometers, strong plasmonic coupling is achieved,
which grants access to surfaces with tailored optical properties.

[1] C. Hanske et al., Langmuir, 2012, 28, 16745-16750. [2] C. Hanske
et al., Nano Letters, 2014, DOI:10.1021/nl502776s. [3] M. Tebbe et
al., submitted.

DY 11.4 Mon 15:45 C 130
Linking intermolecular interactions, microstructure, and
macroscopic rheology in protein suspensions — ∙Alessio
Zaccone1, Miriam Siebenbürger2, Henning Winter3, Frank
Schreiber4, and Matthias Ballauff2 — 1Physics-Department,
Technische Universität München — 2Helmholtz-Zentrum Berlin für
Materialien und Energie — 3University of Massachusetts Amherst —
4Applied Physics, University of Tübingen
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We propose a microscopic framework based on nonequilibrium statis-
tical mechanics to connect the microscopic level of colloidal biopoly-
mer self-assembly with the macroscopic rheology of protein gelation.
The method is based on the master kinetic equations for the time
evolution of the self-assembled cluster size distribution, from which
the relaxation time spectrum during the gelation process can be ex-
tracted. The relaxation spectrum is a simple stretched-exponential,
with a stretching exponent related to the mass fractal dimension of
the self-assembling clusters. In the case of thermoreversible gelation,
for weak interparticle attractions, the attraction energy is finite and
plays the role of the control parameter driving a nonequilibrium phase
transition into a nonequilibrium steady-state ( the gel). Our theory is
in good agreement with experimental data of different systems pub-
lished by other authors, for which no theory was available. Further, it
allows us to interpret new experimental data on the gelation of BSA
which provides a benchmark system to connect the level of coarse-
grained protein interactions with the macroscopic oscillatory rheology
of the protein suspension.

DY 11.5 Mon 16:00 C 130
Molecular versus macroscopic perspective on the phase
separation mechanisms of thermo-responsive solutions —
∙Martine Philipp1, Ralitsa Aleksandrova2, Ulrich Müller2,
Jan K. Krüger2, and Peter Müller-Buschbaum1 — 1TU
München, Physik-Department, LS Funktionelle Materialien, Garching,
Germany — 2Université du Luxembourg, LPM, Luxembourg, Luxem-
bourg
The phase separation of thermo-responsive solutions is known to
strongly affect the volume expansion behaviour and the elastic proper-
ties, being directly coupled to the macroscopic order parameter [1-3].
On the molecular scale, massive changes in H-bond and hydrophobic
interactions, and in structure govern the demixing process. However,
the relationship between the molecular and macroscopic order param-
eters is poorly understood for such complex segregating solutions. We
contribute to the clarification of this problem by first following the
diffusion behaviour of the hydration water across the phase transition
of model aqueous poly(N-isopropylacrylamide) solutions using quasi-
elastic neutron scattering [2]. By probing the molecular bond polaris-
abilities, we adopt an alternative, highly revealing perspective on the
changes in molecular interactions and in structure happening within
dilute to concentrated phase-separating solutions [1, 3]. [1] M. Philipp,
et al., Soft Matter 10, 7297-7305 (2014), [2] M. Philipp, et al., J. Phys.
Chem. B 118, 4253-4260 (2014), [3] R. Aleksandrova, et al., Langmuir
30, 11792-11801 (2014)

DY 11.6 Mon 16:15 C 130
Cononsolvency in P(S-b-NIPAM) diblock copolymers - a
time-resolved SANS study of the aggregation process — Kon-
stantinos Kyriakos1, Martine Philipp1, Joseph Adelsberger1,
Sebastian Jaksch1, Anatoly V. Berezkin1, Dersy M. Lugo2,
Walter Richtering2, Isabelle Grillo3, Anna Miasnikova4, An-
dré Laschewsky4, Peter Müller-Buschbaum1, and ∙Christine
M. Papadakis1 — 1TU München, Physik-Department, Garching
— 2RWTH Aachen University, Institut für Physikalische Chemie —
3Institut Laue-Langevin, Grenoble, France — 4Universität Potsdam,
Institut für Chemie, Potsdam-Golm
In mixtures of water and methanol, the thermoresponsive poly(N-
isopropylacrylamide) (PNIPAM) exhibits the cononsolvency effect, i.e.
an enhanced tendency for phase separation at certain solvent compo-
sitions. We investigate the effect of adding methanol to (i) micellar so-
lutions of polystyrene-b-poly(N-isopropylacrylamide) (PS-b-PNIPAM)
diblock copolymers and (ii) PNIPAM homopolymers in D2O using
a stopped-flow instrument. The structural changes on mesoscopic
length scales were followed by time-resolved small-angle neutron scat-
tering (TR-SANS) with a time resolution of 0.1 s. In both systems,
the pathway of the aggregation depends on the content of deuterated
methanol; however, it is fundamentally different for homopolymer and
diblock copolymer solutions. We propose a logarithmic coalescence
model based on an energy barrier which is proportional to the aggre-
gate radius.

1. Kyriakos et al., Macromolecules 47, 6867 (2014)

DY 11.7 Mon 16:30 C 130
Cation-activated attractive patches to control protein in-
teractions — ∙Felix Roosen-Runge1, Fajun Zhang2, Frank
Schreiber2, and Roland Roth3 — 1Institut Laue-Langevin, Greno-
ble, France — 2Institut für Angewandte Physik, Universität Tübingen

— 3Institut für Theoretische Physik, Universität Tübingen
We present evidence for an explicit ion-activated mechanism to cause a
patchy attraction between proteins [1]. Experimentally, ion bridges of
multivalent cations between protein molecules have been observed in
protein crystals [2]. Modeling this mechanism via particles with ion-
activated attractive patches, a broad variety of experimental results
for protein solutions with multivalent cation is explained and under-
stood very naturally, including charge reversal, reentrant condensa-
tion, metastable liquid-liquid phase separation, cluster formation and
different pathways of crystallization [1,3]. The good agreement be-
tween theory and experiments indicates that protein-cation solutions
represent a natural model system for patchy particles. The mecha-
nism of ion-activated patches can be embedded seamlessly into theory
and simulations of charged soft matter, and promises rational design of
phase behavior and crystallization pathways in protein solutions based
on the statistical physics of patchy particles.

[1] F. Roosen-Runge, F. Zhang et al. Sci. Rep. 4 (2014) 7016
[2] F. Zhang, A. Sauter et al. J. Appl. Cryst. 44 (2011) 755
[3] F. Zhang, R. Roth et al. Soft Matter 8 (2012) 1313

DY 11.8 Mon 16:45 C 130
Buckling of paramagnetic chains in soft gel — ∙Shilin Huang
and Günter K. Auernhammer — Max Planck Institute for Polymer
Research, Mainz, Germany
We study the magneto-elastic coupling behavior of paramagnetic
chains in a soft polymer gel. To this end, the laser scanning confo-
cal microscope is used to observe the morphology of the paramagnetic
chains as well as the deformation field in the polymer gel. The param-
agnetic chains in a soft polymer gel show rich morphologies under an
oblique magnetic field. Depending on the chain length, the chains ro-
tate, bend and buckle. In a perpendicular magnetic field, longer chains
form wavy structure with higher number of buckles. A higher mag-
netic field strength and a lower modulus of gel matrix lead to higher
amplitude of the buckling. The deformation field around a deformed
magnetic chain confirms that the polymer network is strongly cou-
pled with the paramagnetic chain. A theoretical model is developed
to describe the buckling of the chain.

15 min. break

DY 11.9 Mon 17:15 C 130
Environmentally compatible microemulsion at solid surfaces:
Wetting behavior and extraction properties — ∙Salomé Var-
gas Ruiz1, Christoph Schulreich2, Ramasia Sreich2, Martin
Jung3, Regine von Klizing1, Thomas Hellweg2, and Stefan
Wellert1 — 1Stranski Laboratory, TU Berlin, Str. d. 17 juni 124,
10623 Berlin, Germany — 2Physical Chemistry III, University Biele-
feld, Universitätsstraße 25, 33615 Bielefeld, Germany. — 3Armed
Forces Scientific Institute for NBC Protection, Humboldtstraße 1,
29633 Munster, Germany.
Microemulsions based on sugar surfactants and food grade oil are po-
tential decontamination media for the remediation of sorptive surfaces
exposed to highly toxic compounds (e.g nerves agents, pesticides). The
main advantage of microemulsions relies on their capability to degra-
date the solubilized toxic compound by means of active ingredients
hosted in the water phase. Although microemulsions have good perfor-
mance on the detoxification process, the overall efficiency of the decon-
tamination process is also determined by their ability to wet the treated
surfaces and to extract the contaminants. In this study, we examined
firstly the wettability and penetration properties of microemulsion for-
mulated with sugar surfactant SL55 and methyl oleate oil, and sec-
ondly we evaluated their ability to extract lipophilic contaminants via
spectroscopic and chromatographic techniques. Here, the formulated
microemulsions can wet and penetrate hydrophobic and hydrophilic
sorptive surfaces and their extraction properties are greatly influenced
by their structure and oil content.

DY 11.10 Mon 17:30 C 130
Supramolecular structure of pure and mixed monohydroxy
alcohols — ∙Thomas Büning1, Christian Sternemann1, Sebas-
tian Peter Bierwirth1, Catalin Gainaru1, Jennifer Bolle1,
Michael Paulus1, Christoph J. Sahle2, Roland Böhmer1, and
Metin Tolan1 — 1Fakultät Physik / DELTA, Technische Universität
Dortmund, D-44221 Dortmund, Germany — 2European Synchrotron
Radiation Facility (ESRF), F-38000 Grenoble, France
Hydrogen bonds are essential for the structure and dynamics of alco-
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hols, aqueous solutions, and water. Due to their low tendency of crys-
tallization and large variability in molecular configuration, monohy-
droxy alcohols (MAs) are often studied as model systems for hydrogen-
bonded fluids in general [1]. MAs are supposed to form supramolecular
structures such as chains and rings via hydrogen bonding in the liquid
phase. Based on their small dielectric absorption, ringlike arrange-
ments were suggested for neat MAs with a sterically hindered polar hy-
droxyl group [1], e.g., for 4-methyl-3-heptanol and 2-hexyl-1-decanol.
Mixtures of these MAs show a significantly enhanced dielectric ab-
sorption which hints at a change of supramolecular topology [2]. We
present combined X-ray diffraction and X-ray Raman measurements of
MA mixtures. Here, the first X-ray diffraction peak and the shape of
the oxygen K-edge, respectively, are sensitive to the local arrangement
of MAs. The results are interpreted with respect to a transformation
from ringlike to chainlike structures upon mixing. [1] R. Böhmer et
al. Phys. Reports 545 125-195 (2014) and references therein; [2] S. P.
Bierwirth, et al. Phys. Rev. E 90, 052807 (2014).

DY 11.11 Mon 17:45 C 130
The role of the cation and polarization on lithium ion
coordination in ionic liquids — ∙Volker Lesch1, Zhe Li2,
Dmitry Bedrov2, and Andreas Heuer1 — 1Westfälische Wilhelms-
Universität Münster — 2University of Utah
MD-simulations are a powerful tool to investigate microscopic pro-
cesses in complex systems as ionic liquids. The interactions between
the cation and the anion are only weak but in the case of adding lithium
to an ionic liquid the anions strongly interact with this small lithium
ion. The role of the cation on this interaction was never investigated.

Here, we compare the cations 1-ethyl-3-methylimidazolium
with N-metyhl-N-propylpyrrolidium and as counterion bis-
(trifluoromethanesulfonyl)-imide was used. Both cations differ in
size and viscosity but on the microscopic scale only a comparison for
pure ionic liquids is published. We performed MD-simulations for the
two ionic liquids doped with lithium salts at different temperatures
and different oxygen polarizations. The change of the TFSI oxygen
polarization was necessary due to new DFT calculations that predicts
the Li+ - Ntf2 binding energy more accurate. We observed a dramatic
influence of the polarization on structural properties while the dynam-
ics are only slightly affected. The comparison of the cations shows
only small differences for the lithium ion coordination.

DY 11.12 Mon 18:00 C 130
A systematic study of the influence of trivalent metal ions on
phase behaviour in protein solutions — ∙Olga Matsarskaia1,
Michal Braun1, Andrea Sauter1, Marcell Wolf1, Roland
Roth2, Fajun Zhang1, and Frank Schreiber1 — 1Institut
für Angewandte Physik, Universität Tübingen, 72076 Tübingen —
2Institut für Theoretische Physik, Universität Tübingen
Thermodynamic phenomena such as reentrant condensation (RC) and
liquid-liquid phase separation (LLPS) are involved in various protein-
related processes, e.g. protein condensation diseases and protein crys-
tallisation. We could show that these transitions are inducible in pro-
tein solutions using various trivalent cations [1], [2]. In this work, the
influence of cation size on such phase behaviour in bovine serum al-
bumin (BSA) was studied systematically in the presence of salts with
increasing cation sizes (YbCl3, YCl3, GdCl3, CeCl3 and LaCl3). The
results reveal that charge inversion, the prerequisite of RC and LLPS in
these systems, is found independent of cation size. Interestingly, how-
ever, salt concentration ranges in which macroscopic LLPS is observed
decrease with increasing cations: while Yb3+ leads to the largest LLPS
area, Ce3+ features the smallest one. La3+, the largest cation stud-

ied, induces RC, but does not lead to LLPS at all. The findings thus
indicate that the size of cations present in the environment of a pro-
tein influences the strength of protein-cation interactions and therefore
plays an important role in phase transitions of the protein.

[1] Zhang et al (2008). Phys. Rev. Lett., 101(14), 148101; [2] Zhang
et al (2012). Soft Matter, 8, 1313-1316.

DY 11.13 Mon 18:15 C 130
New relaxation process for water in electric fields — ∙Zoran
Miličević1, David M. Smith2,3, and Ana-Sunčana Smith1,3 —
1Institut für Theoretische Physik and Cluster of Excellence: Engi-
neering of Advanced Materials, FAU Erlangen-Nürnberg, Erlangen,
Germany — 2Computer Chemie Centrum, FAU Erlangen-Nürnberg,
Erlangen, Germany — 3Ruđer Bošković Institute, Zagreb, Croatia
Despite a heavily increasing number of electrochemical applications,
theoretical and experimental studies of solvent shear properties in the
presence of electric fields are almost non-existent. Here we study the
shear viscosity of water by performing extensive MD simulations us-
ing the GROMACS software package as a function of the electric field
strength which breaks the otherwise isotropic nature of the solvent.
The shear viscosity is related to the autocorrelation function (ACF) of
the off-diagonal elements of the pressure tensor by the Green-Kubo re-
lation. The value of the shear viscosity is determined from the plateau
value of the time integral of the ACF or, alternatively, by exploiting the
Kohlrausch fit curve of the ACF using a uniform 2-step (fast plus slow)
relaxation function. Apart from the fact that the two approaches show
an excellent agreement, we find that the field decreases the component
of the shear viscosity perpendicular to itself and increases the compo-
nents which are parallel. Importantly, the field induces an additional
slow relaxation process (decoupled from the fast relaxation) only in
the parallel direction, increasing by about tenfold the total relaxation
time with respect to the perpendicular direction. Furthermore, the
overall water shear viscosity increases slightly with the field strength.

DY 11.14 Mon 18:30 C 130
Excess entropy scaling for the segmental and global dynam-
ics of polyethylene melts — ∙Evangelos Voyiatzis, Michael
Böhm, and Florian Müller-Plathe — Eduard-Zintl-Institut für
Anorganische und Physikalische Chemie and Center of Smart Inter-
faces, Technische Universität Darmstadt, Alarich-Weiss-Strasse 4, D-
64287 Darmstadt, Germany
The range of validity of the Rosenfeld and Dzugutov excess entropy
scaling laws is analyzed for linear polyethylene chains. We consider
two segmental dynamical quantities, the bond and the torsional relax-
ation times, and two global ones, the chain diffusion coefficient and the
viscosity. The excess entropy is approximated by either a series expan-
sion of the entropy in terms of the pair correlation function or by an
equation of state for polymers. For all temperatures and chain lengths
considered, the two excess entropy estimates are linearly correlated.
The scaled segmental relaxation times fall into a non-linear master
curve. For a fixed chain length, the reduced diffusion coefficient and
viscosity scale linearly with the excess entropy. An empirical reduc-
tion to a chain length independent master curve is accessible for both
quantities. The Dzugutov scheme predicts an increased value of the
scaled diffusion coefficient with increasing chain length which contrasts
physical expectations. The origin of this trend can be traced back to
the density dependence of the scaling factors. In connection with diffu-
sion coefficients and viscosities, the Rosenfeld scaling appears to be of
higher quality than the Dzugutov. An empirical excess entropy scaling
is also proposed which leads to a chain length-independent correlation.
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DY 12: Granular Matter / Contact Dynamics Part II

Time: Monday 15:30–17:00 Location: BH-N 128

DY 12.1 Mon 15:30 BH-N 128
Dissipation in quasistatically sheared wet and dry sand un-
der confinement — ∙Maryam Pakpour1, Jorge E. Fiscina1,2,
Abdoulaye Fall3, Nicolas Vandewalle1, Christian Wagner2,
and Daniel Bonn4,5 — 1GRASP, Physics Department B5, Univer-
sity of Lièege, B-4000 Lièege, Belgium — 2Experimental Physics, Saar-
land University, Saarbrücken Germany — 3Laboratoire Navier (UMR
CNRS 8205), Universitè Paris Est, Champs-sur-Marne, France — 4Van
der waals-Zeeman Istitute, University of Amsterdam, Amsterdam, the
Netherlands — 5Laboratoire de Physique Statistique de l’ENS, 75231
Paris Cedex 05, France
We investigated the stress-strain behavior of granular materials with
and without small amounts of liquid near the jamming transition un-
der steady and oscillatory shear. Partially saturated sand has a much
higher yield stress and should therefore have a much higher appar-
ent viscosity for slow flows. For this reason, it is commonly believed
that dry sand should deform more easily and wet sand shows a larger
resistance to flow, i.e., more viscous than dry sand. In this study, us-
ing a new technique to quasistatically push the sand through a tube
with an enforced parabolic (Poiseuille-like) profile, we minimize the
effect of avalanches and shear localization. We observe that the re-
sistance against deformation of the wet (partially saturated) sand is
much smaller than that of the dry sand, and that the latter dissipates
more energy under flow. This is also observed in large-amplitude oscil-
latory shear measurements using a rotational rheometer, showing that
the effect is robust and holds for different types of flow.

DY 12.2 Mon 15:45 BH-N 128
DWS measurements on fluidized granular media — ∙Philip
Born, Steffen Reinhold, and Matthias Sperl — DLR Institute
of Materials Physics in Space, Cologne, Germany
Diffusing wave spectroscopy (DWS) measurements indicate glass-like
dynamics in dense, fluidized granular media close to jamming. This
suggests fundamental similarities among the jamming transition in
granular media and the glass transition in other fluid systems. How-
ever, the glass-like dynamics appear as a localization of the mean-
squared displacement of the particles on length scales of a few 10 nm.
Such length scales are not present in measurements using complemen-
tary techniques. In order to confirm the present results, we perform
DWS measurements in microgravity, which promises isotropic agita-
tion. Additionally, we tailor particle interactions to test the influence
of long-ranges and short-ranged interactions. The results indicate that
DWS measurements have to be evaluated with care, as omnipresent
particle interactions prevent pure hard-sphere behavior, and incoherent
intensity fluctuations put in question the localization interpretation of
the intensity fluctuations.

DY 12.3 Mon 16:00 BH-N 128
Flow and clogging of anisometric granular matter in a hop-
per — ∙Sandra Wegner1, Tamás Börzsönyi2, Balázs Szabó2,
and Ralf Stannarius1 — 1Otto-von-Guericke-University, Magde-
burg, Germany — 2Department of Complex Fluids, Wigner RCP
SZFI, Budapest, Hungary
Granular matter is processed and stored in many branches of indus-
try. This storage is often done in silos or hoppers. When the granular
material is flowing out of a hopper, jamming is a frequent problem.
We address this phenomenon by means of a three-dimensional exper-
imental investigation of the jammed state in cylindrical and conical
hoppers. We detect the jamming of differently shaped particles with
X-ray computed tomography. With the complete three-dimensional
information of grain positions and orientations, packing fractions and
orientational ordering of the systems can be calculated and compared.
We find differences for grains of different shapes and surface properties.

DY 12.4 Mon 16:15 BH-N 128
The Mach number determines the onset of clustering in a
dissipative gas — ∙Mathias Hummel, James Clewett, Stephan
Herminghaus, and Marco G. Mazza — Max Planck Institut für
Dynamik und Selbstorganisation
We perform direct numerical simulations of granular hydrodynamics
to study the clustering of a dissipative gas for constant coefficients of
restitution in three dimensions. We demonstrate that clustering ap-
pears when the ratio between local bulk velocity and local thermal ve-
locity, that is the Mach number, reaches a threshold value ℳ𝑡 ≈ 10−3,
independently of the coefficient of restitution. We also find that the
local Mach numbers, and not the coefficient of restitution, determine
the evolution of the clusters.

DY 12.5 Mon 16:30 BH-N 128
Stabilty of Dune Fields — ∙Sven Auschra, Marc Lämmel, and
Klaus Kroy — University of Leipzig, Institute for Theoretical Physics
Arid regions on Earth and Mars are often covered with vast assemblies
of crescent-shaped sand dunes, so-called barchans. The observation
that single barchans either shrink or grow indefinitely if fed by a con-
stant homogeneous influx of sand [1], makes the existence and stability
of such barchan fields a conundrum [2].

We investigate the steady-state configuration of consecutive barchan
dunes interacting by wind-driven sand transport. Based on well-
established equations for isolated dunes [1,3] we derive a coarse-grained
description of the dominant pair interactions within a field. Sand sup-
plied from the horns of windward dunes to its downwind neighbor
initiates a complex response of its shape and mass. Based on a dimen-
sionally reduced description justified by a closeby shape attractor, a
fixed point equation for the mass balance of the fed dune is derived and
analyzed for stable solutions. We provide evidence that this process is
a good candidate for explaining the stabilization of barchan dunes in
the field.

[1] Fischer, E., Cates, M. E., Kroy, K., 2008. Dynamic scaling of
desert dunes. Phys. Rev. E 77, 031302.

[2] Duran, O. et al., 2011. Size distribution and structure of barchan
dune fields. Nonlin. Processes Geophys. 69, 455-467.

[3] Kroy, K., Sauermann, G., Herrmann, H. J., 2002. Minimal Model
for Sand Dunes. Phys. Rev. Lett. 88, 5.

DY 12.6 Mon 16:45 BH-N 128
Aeolian sand sorting and megaripple formation — ∙Marc Läm-
mel, Anne Meiwald, and Klaus Kroy — Institut für Theoretische
Physik, Universität Leipzig, Germany
Turbulent flows drive sand along riverbeds or blow it across beaches
and deserts. This seemingly chaotic process creates a whole hierar-
chy of structures ranging from ripple patterns over dunes to vast wavy
sand seas. Moreover, by the very same process, grains are constantly
being sorted, because smaller grains advance faster while their heav-
ier companions trail behind. Starting from the grain-scale physics, we
model the sorting dynamics by erosion and show how it creates the
characteristic bimodal grain size distribution that is a prerequisite for
the formation of so-called megaripples [1]. Due to the separation into
small and big grains, these structures have a lot in common with their
bigger relatives, aeolian sand dunes, whose physics is much better un-
derstood. This enables us to adapt a well established dune model [2]
to predict formation, morphology, and dynamics of the megarippels.
Preliminary tests against field data strongly support our approach,
which, moreover, provides a roadmap for future systematic field and
laboratory measurements.

[1] Qian, G. et al., Sedimentology 59, 1888 (2012)
[2] Kroy, K. et al., Phys. Rev. Lett. 88, 054301 (2002)
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DY 13: Crystallization, Nucleation and Self Assembly II (joint session CPP/ DY)

Time: Monday 15:45–18:30 Location: PC 203

DY 13.1 Mon 15:45 PC 203
Estimation of crystal nucleation barriers from Monte Carlo
simulations — ∙Antonia Statt1,2, Peter Virnau2, and Kurt
Binder2 — 1Institut für Physik, Johannes Gutenberg-Universität
Mainz,Staudinger Weg 9, 55128 Mainz, Germany — 2Graduate School
of Excellence Materials Science in Mainz, Staudinger Weg 9, 55128
Mainz, Germany
A fluid in equilibrium in a finite volume V with particle number N at
a density exceeding the onset density of freezing may exhibit phase
coexistence between a crystalline nucleus and surrounding fluid. Us-
ing a method suitable for the estimation of the chemical potential of
dense fluids we obtain the excess free energy due to the surface of
the crystalline nucleus. There is neither a need to precisely locate the
interface nor to compute the (anisotropic) interfacial tension [1]. As
a test case, a soft version of the Asakura-Oosawa model [2] for col-
loid polymer-mixtures is treated. While our analysis is appropriate
for crystal nuclei of arbitrary shape, we find the nucleation barrier to
be compatible with a spherical shape, and consistent with classical
nucleation theory.

[1] A. Statt, P. Virnau and K. Binder, PRL 2014 (in press)
[2] M. Dijkstra, R. van Roij and R. Evans, Phys. Rev. E 59, 5744-

5771, 1999

DY 13.2 Mon 16:00 PC 203
Nano-Dewetting in Colloidal Crystal Drying — ∙Mulda Mul-
darisnur and Frank Marlow — MPI für Kohlenforschung, 45470
Mülheim an der Ruhr, Germany
The drying of colloidal crystals is connected with a continuous shrink-
age process [1]. However, several minutes after starting the drying, the
system seems to take a breath before it shrinks monotonously until its
final state after about one day. This short period we call ”v”-event
because of the shape of the curve characterizing the lattice constant:
a decrease followed by a counter-intuitive increase which ends after
one hour. This event is found in time-dependent optical spectra. It
is assigned to the start of a nano-dewetting process occurring at the
colloidal particles.

[1] M. Muldarisnur and F. Marlow, Observation of Nano-Dewetting
in Colloidal Crystal Drying, Angew. Chem. Int. Ed. 2014, 53 (33),
pages 8761-8764

DY 13.3 Mon 16:15 PC 203
Solidification fronts in supercooled liquids: how rapid fronts
can lead to disordered glassy solids — ∙Andrew Archer1,
Morgan Walters1, Uwe Thiele2, and Edgar Knobloch3 —
1Department of Mathematical Sciences, Loughborough University,
Loughborough, LE11 3TU, UK — 2Westfälische Wilhelms-Universität
Münster, Institut für Theorestische Physik, Wilhelm-Klemm-Str. 9,
48149 Münster, Deutschland — 3Department of Physics, University of
California at Berkeley, Berkeley, CA 94720, USA
We determine the speed of a crystallization/solidification front as it
advances into the uniform liquid phase after it has been quenched into
the crystalline region of the phase diagram, for systems of soft par-
ticles. We calculate the front speed by assuming the system can be
treated using dynamical density functional theory (DDFT). There are
two mechanisms by which the front can advance, depending on whether
the liquid state is linearly stable or not. When linearly unstable, the
front speed can be calculated by applying a marginal stability crite-
rion. As the solidification front advances, the density profile behind
the advancing front develops density modulations, whose wavelength
𝜆 is a dynamically chosen quantity. For shallow quenches, 𝜆 is close
to that of the crystalline phase and so well-ordered crystalline states
are formed. However, when the system is deeply quenched, 𝜆 can
be quite different from that of the crystal, so the solidification front
naturally generates disorder in the system. Significant rearrangement
and aging must subsequently occur for the system to form the regular
well-ordered crystal that corresponds to the free energy minimum.

Invited Talk DY 13.4 Mon 16:30 PC 203
Spontaneous symmetry breaking in 2D: Kibble-Zurek mech-
anism in colloidal monolayers at finite cooling rates — Sven
Deutschländer, Georg Maret, and ∙Peter Keim — Universität
Konstanz

The Kibble-Zurek mechanism describes the evolution of defects and do-
mains when a system is forced through a phase transition with sponta-
neously broken symmetry. It describes Higgs field in the early universe
shortly after the Big Bang or condensed matter systems like quenched
quantum fluids. For a system with second order phase transition, the
domain structure naturally arises when it is cooled at a finite rate.
Since diverging correlation length are accompanied with critical slow-
ing down, the system has to fall out of equilibrium for any non-zero
rate; At this so called fall out time the correlation length is frozen out
before the transition can take place globally. Within this picture, we
investigate the non-equilibrium dynamics in a soft-matter analogue,
a two-dimensional ensemble of colloidal particles which in equilibrium
obeys the Kosterlitz-Thouless-Halperin-Nelson-Young melting scenario
with continuous phase transitions. The ensemble is exposed to finite
cooling rates of the pair-interaction parameter (being an inverse sys-
tem temperature) at very different rates from deep in the isotropic
fluid into the polycrystalline phase. We analyse defect configurations
as well as the evolution of orientationally ordered domains quantita-
tively via video microscopy and show that their frozen-out length scale
follows an algebraic decay as function of the quench rate as predicted
by the Kibble-Zurek mechanism.

15 min. break.

DY 13.5 Mon 17:15 PC 203
Molecular Dynamics Study of Colloidal Quasicrystals —
∙Heiko G. Schoberth, Heike Emmerich, and Thomas Gruhn —
Lehrstuhl für Material- und Prozesssimulation, Universität Bayreuth,
D-95440 Bayreuth
Quasicrystals are of continuous interest due to their fascinating funda-
mental properties and their potential applications like advanced pho-
tonic materials. In the last years colloidal quasicrystals have been
found in solutions with spherical polymer core-shell micelles [1]. Fun-
damental aspects have been investigated in theoretical studies in which
the core-shell micelles are represented with a step-potential, in which
the core-core interaction is modeled by infinite repulsion while the
shell-shell interaction is modeled by a plateau at constant height 𝜖
and width 𝜆 [2]. The real interaction of the micelles is a continuous
function which is more smeared out at the core and shell boundaries.
Therefore, we perform coarse-grained molecular dynamics simulations
to investigate the influence of the potential shape on the self-assembling
structure. Varying the parameters we study systematically the phase
diagram finding domains with 6-,10-,12-,24-fold symmetries. With in-
creasing smoothness of the potential the phase diagram changes qual-
itatively and the geometry of the phase boundaries gets more regular.
[1] Fischer S. et al., PNAS, 108, 1810-1814 (2011)
[2] Dotera T. et al., Nature, 506, 208-2011 (2014)

DY 13.6 Mon 17:30 PC 203
Real-time study of multi-step nucleation in protein crys-
tallization — ∙Andrea Sauter1, Felix Roosen-Runge2, Fajun
Zhang1, Gudrun Lotze3, Robert M. J. Jacobs4, and Frank
Schreiber1 — 1Institut für Angewandte Physik, Universität Tübin-
gen, 72076 Tübingen — 2Institut Laue-Langevin, Grenoble, France
— 3European Synchrotron Radiation Facility, Grenoble, France —
4Department of Chemistry, University of Oxford, UK
We present a real-time study of protein crystallization of bovine 𝛽-
lactoglobulin in the presence of the divalent salt CdCl2 using SAXS
and optical microscopy. Monitoring the crystallization kinetics, we
demonstrate a multi-step crystallization mechanism particularly fo-
cusing on the role of the metastable intermediate phase (MIP). In the
first step, an intermediate phase is formed, followed by the nucleation
of crystals within the intermediate phase. In the next step, this in-
termediate phase is consumed by nucleation and slow growth and the
crystals are exposed to the dilute phase. At this stage, the number
of crystals stays nearly constant, whereas the crystals grow rapidly
due to access to the free protein molecules in the dilute phase. The
results suggest that increasing the salt concentration near the transi-
tion zone 𝑝𝑠𝑒𝑢𝑑𝑜-𝑐** reduces the energy barrier for both the MIP and
crystal nucleation. The observed kinetics can be well described using
a rate-equation model based on a clear physical multi-step picture.
This real-time study not only provides direct evidence for a multi-step
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process for protein crystallization, but also elucidates the role and the
structural signature of the MIP in the non-classical process of protein
crystallization.

DY 13.7 Mon 17:45 PC 203
All-atom MD simulation of fullerene dyads in water: Ex-
ploring hydrophobic hydration — ∙Olga Guskova1, Srinivasa
Rao Varanasi1,2, and Jens-Uwe Sommer1,3 — 1Leibniz-Institut für
Polymerforschung Dresden e. V., Theorie der Polymere, Hohe Str. 6,
01069 Dresden, Deutschland — 2University of Queensland, School of
Chemical Engineering, St Lucia QLD 4072, Australia — 3Technische
Universität Dresden, Institut für Theoretische Physik, Zellescher Weg
17, 01069 Dresden, Deutschland
The nanometer-sized C60 fullerene, being a boundary case between
small and large hydrophobes, represents an interesting object for the
investigation of hydrophobic hydration. Extensive MD simulations
are performed to study the solvation of pristine fullerene and fullerene
dyads as well as their self-assembly in water [1]. The solute-solvent
interactions, which reflect in the structure of solvation shells, trans-
lational and orientational dynamics of water molecules near the hy-
drophobic C60 cage and hydrophilic side chain, the H-bond networks
and their defects, as dangling -OH bonds, are described. The agglom-
eration behavior of fullerenes is evaluated by determining sizes of the
clusters, solvent accessible surface areas, and shape parameters. [1] O.
Guskova, S.R. Varanasi, and J.-U. Sommer, J. Chem. Phys. 141 (14),
144303 (2014).

DY 13.8 Mon 18:00 PC 203
Phase field simulations of particle capture during directional
solidification of photovoltaic silicon — Heike Emmerich1,
∙Henning Hörstermann1, Julia Kundin1, Jochen Friedrich2,
Maral Azizi2, Christian Reimann2, Arne Cröll3, Thomas
Jauß3, and Tina Sorgenfrei3 — 1University Bayreuth, Chair of
Material and Process Simulations, Bayreuth, Germany — 2Fraunhofer
IISB, Erlangen, Germany — 3University Freiburg, Institute for Geo-
sciences, Freiburg, Germany
We study the interaction between the solidification front and SiC par-
ticles present in the melt during the growth process of silicon for solar
cells. Particles of a given size are pushed in front of the interface
for growth velocities below a critical value and are incorporated into

the crystal for growth velocities above this value. The existing theo-
retical models for particle capture find a relationship between critical
particle size and critical growth velocity by assuming an equilibrium
between a combination of gravity, drag, lift and other forces acting on
the particle in the vicinity of the interface. For silicon these models
predict significantly higher critical particle sizes than observed in ex-
periments. We use a phase field model to test if these deviations can
be explained by deviations from the spherical particle shape usually
assumed in the theoretical models or effects like the deformation of
the interface caused by the presence of the particle. In addition to
testing and adapting existing theories, we narrow down the possible
underlying mechanisms by identifying relevant length scales and other
properties that are required to explain the experimental results.

DY 13.9 Mon 18:15 PC 203
Crystallization kinetics in printed active layers for organic
solar cells — ∙Stephan Pröller1, Feng Liu2, Chenhui Zhu3,
Peter Müller-Buschbaum4, Thomas P. Russell2, Alexan-
der Hexemer3, and Eva M. Herzig1 — 1Technische Universität
München, Munich School of Engineering, 85748 Garching, Germany
— 2University of Massachusetts Amherst, Department of Polymer Sci-
ence and Engineering, MA 01003 Amherst, Massachusetts, USA —
3Lawrence Berkeley National Laboratory, Advanced Light Source, CA
94720 Berkeley, California, USA — 4Technische Universität München,
LS Funktionelle Materialien, 85748 Garching, Germany
Organic solar cells are a promising alternative to silicon based inor-
ganic ones. Among other advantages like high absorption, a key ad-
vantage is the processability out of solution. This allows for printing of
large area photovoltaic devices at low costs at low energy input. The
morphology and crystalline properties of the active layer is of utmost
importance for the functionality like exciton separation or charge car-
rier transport and thus for the performance of the produced devices.
So far, not much is known on the crystallization kinetics of printed
organic photoactive layers. Using an industrial slot-die printing pro-
cess we studied the morphology evolution of a photoactive blend by
in-situ X-ray scattering methods. With these experiments we are able
to picture the process of crystallization of the polymer blend. We iden-
tified different stages during crystallization and propose a model for
the crystal growth. This understanding is important to gain control
over the morphology development of the system to improve organic
solar cell performance.

DY 14: Focus Session: Chimera states: symmetry-breaking in dynamical networks (joint
session DY/ BP)

Chimera states in dynamical networks consist of coexisting domains of spatially coherent (synchronized)
and incoherent (desynchronized) behavior. They are a manifestation of spontaneous symmetry-breaking
in systems of identical, nonlocally coupled oscillators, and have recently been found in different forms
(phase chimeras, amplitude chimeras, multi-headed, 1D, 2D, or 3D). Such phenomena may occur in a
variety of physical, chemical, biological, technological, or socio-economic systems, for instance in coupled
optical systems, neural networks, mechanical, chemical or electrochemical oscillators, power grids, or
communication networks. (Organizer: Eckehard Schöll)

Time: Tuesday 9:30–12:30 Location: BH-N 243

Invited Talk DY 14.1 Tue 9:30 BH-N 243
Basins of Attraction for Chimera States — ∙Erik Andreas
Martens1,2, Mark Panaggio3,4, and Daniel Abrams4,5 — 1Dept.
of Biomedical Sciences, University of Copenhagen, Blegdamsvej 3,
2200 Copenhagen, Denmark — 2Dept. of Mathematical Sciences,
University of Copenhagen, Universitetsparken 5, 2200 Copenhagen,
Denmark — 3Dept. of Mathematics, Rose-Hulman Institute of Tech-
nology, Terre Haute, Indiana 47803 — 4Dept. of Engineering Sciences
and Applied Mathematics, Northwestern University, Evanston, Illinois
60208 — 5Northwestern Institute on Complex Systems, Northwestern
University, Evanston, Illinois 60208, USA
The coexistence of synchronized and desynchronized regions in pop-
ulations of identical oscillators, known as chimera states, has re-
ceived much attention following their recent experimental discovery.
Chimeras occur only for special initial conditions; yet, despite numer-
ous theoretical efforts their basins of attraction remain unexplored.
We provide the first analysis of their basins of attraction by studying
the simplest chimera system with two populations, allowing for three

configuration patterns: one fully synchronized and two partly synchro-
nized patterns. The basins form a complex twisting motion around
an invariant ray; our perturbative analysis allows the prediction of the
asymptotic states and the associated destination maps. Understanding
the precise nature of the basins is needed to develop control methods
to switch between chimeric configuration patterns, which may may be
exploited for technological applications and serve function in neural
biology.

Invited Talk DY 14.2 Tue 10:00 BH-N 243
Hysteretic transitions and chaotic chimera states in networks
of Kuramoto oscillators with inertia — ∙Simona Olmi — CNR
- Istituto dei Sistemi Complessi, Sesto Fiorentino, Italy — INFN sez.
Firenze, Sesto Fiorentino, Italy
We report finite size numerical investigations and mean field analysis
of a Kuramoto model with inertia for fully coupled and diluted sys-
tems. In particular, we examine for a Gaussian distribution of the fre-
quencies the transition from incoherence to coherence for increasingly
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large system size and inertia. For sufficiently large inertia the tran-
sition is hysteretic and within the hysteretic region clusters of locked
oscillators of various sizes and different levels of synchronization co-
exist. A modification of the mean field theory developed by Tanaka,
Lichtenberg, and Oishi [Physica D, 100 (1997) 279] allows to derive
the synchronization profile associated to each of these clusters. By
increasing the inertia the transition becomes more complex, and the
synchronization occurs via the emergence of clusters of whirling oscil-
lators. The presence of these groups of coherently drifting oscillators
induces oscillations in the order parameter. We have shown that the
transition remains hysteretic even for randomly diluted networks up
to a level of connectivity corresponding to few links per oscillator. Fi-
nally an extension to a system of two symmetrically coupled networks
of Kuramoto oscillators with inertia is reported. In this system the
existence and the dynamical properties of novel chaotic chimera states
are investigated, concentrating both on the microscopic dynamics and
the macroscopic behavior.

Invited Talk DY 14.3 Tue 10:30 BH-N 243
Transient amplitude chimeras: the impact of time delay and
noise — ∙Anna Zakharova1, Julien Siebert1, Sarah Loos1,
Aleksandar Gjurchinovski2, and Eckehard Schöll1 — 1Institut
für Theoretische Physik, Technische Universität Berlin, Germany —
2Institute of Physics, Faculty of Natural Sciences and Mathematics,
Sts. Cyril and Methodius University, Skopje, Macedonia
For a network of Stuart-Landau oscillators with symmetry-breaking
coupling we find chimera behavior with respect to amplitude dynam-
ics rather than the phase (amplitude chimeras). We investigate the
role of time delay and noise for these coherence-incoherence patterns.
In more detail, we address the question of how time delay and noise
influence the lifetime of transient amplitude chimeras.

15 min. break

DY 14.4 Tue 11:15 BH-N 243
Clusters, chimeras and localized turbulence under nonlinear
global coupling — ∙Lennart Schmidt, Sindre W. Haugland, and
Katharina Krischer — Physik-Department, Nonequilibrium Chem-
ical Physics, Technische Universität München, Garching, Germany
The coexistence of coherently and incoherently oscillating parts in a
system of identical oscillators with symmetrical coupling, i.e. a chimera
state, is even observable with uniform global coupling. We investigate
the prerequisites for chimera states in globally coupled systems. It
turns out that a clustering mechanism constitutes the first symmetry-
breaking step as it splits the system into two groups. We demonstrate
this by means of two different cluster solutions giving rise to two dif-
ferent chimera states. Consequently, essential features of the cluster
solutions can be rediscovered in the corresponding chimera states. Fur-
thermore, we compare the chimera states to localized turbulence and
discuss their qualitative differences.

Given a chimera state with synchronized and desynchronized regions
of the same size, interchanging both phases again yields a solution
to the underlying equations. We observe this process of alternation
emerging spontaneously. Studying different initial conditions, we could
identify the growth of the turbulent domain as being responsible for
the repeatedly occurring interchanges.

DY 14.5 Tue 11:30 BH-N 243
Amplitude-phase coupling drives chimera states in small
globally coupled laser networks — Fabian Böhm1 and ∙Kathy
Lüdge2 — 1Institut f. Theo. Physik, Sekr. EW 7-1, Technische Uni-
versität Berlin, Hardenbergstr. 36, 10623 Berlin, Germany — 2Institut
f. Theo. Physik, Freie Universität Berlin, Arnimallee 14, 14195 Berlin,
Germany Berlin, Germany
Chimera states are an intriguing and widely discussed phenomenon,
in which an ensemble of coupled systems self-organizes into spatially

seperated regions of coherence and incoherence. While we still lack a
complete understanding of this general phenomen, three common ex-
istence criteria have been formulated in the past which demand large
system sizes with non-local coupling and specially prepared initial con-
ditions. For a network of globally coupled semiconductor lasers with
time-delayed optical feedback, we show the existence of chimera states
that defy these existence criteria. The typical regions of coherence and
incoherence were found to exist for the amplitude and phase of the
electrical field as well as the inversion of the electrons. Their stability
does not depend on the system size which allows for the formation of
chimera states in a system of only four coupled lasers. The formation
of the chimera states can be linked to regions of multistability.Their
occurence is driven by the amplitude-phase coupling of the semicon-
ductor lasers.

DY 14.6 Tue 11:45 BH-N 243
Chimera states in Van der Pol oscillators: Impact of lo-
cal dynamics and time delay — ∙Iryna Omelchenko1, Anna
Zakharova1, Julien Siebert1, Philipp Hövel1,2, and Eckehard
Schöll1 — 1Institut für Theoretische Physik, Technische Universität
Berlin — 2Bernstein Center for Computational Neuroscience, Berlin
We discuss the phenomena of chimera states that exhibit spatial co-
existence of regular synchronized and irregular incoherent regions in
a network of nonlocally coupled Van der Pol oscillators. Tuning the
bifurcation parameter of the individual units allows us to interpolate
between regular sinusoidal and relaxation oscillations. We discuss the
impact of these local dynamics on the occurrence of chimera states
in the system, regimes of their stability in the parameter space, and
analyze the influence of time delay introduced in the coupling.

DY 14.7 Tue 12:00 BH-N 243
Robustness of chimera states for coupled FitzHugh-Nagumo
oscillators — ∙Philipp Hövel1,2, Iryna Omelchenko1, Ecke-
hard Schöll1, Johanne Hizanidis3, and Astero Provata3 —
1Technische Universität Berlin — 2Bernstein Center for Computa-
tional Neuroscience Berlin — 3National Center for Scientific Research
"Demokritos", Athens
Chimera states are complex spatio-temporal patterns that consist of
coexisting domains of spatially coherent and incoherent dynamics.
This counterintuitive phenomenon was first observed in systems of
identical oscillators with symmetric coupling topology. Can one over-
come these limitations? To address this question, we discuss the ro-
bustness of chimera states in networks of FitzHugh-Nagumo oscilla-
tors. Considering networks of inhomogeneous elements with regular
coupling topology, and networks of identical elements with irregular
coupling topologies, we demonstrate that chimera states are robust
with respect to these perturbations, and analyze their properties as
the inhomogeneities increase. We find that modifications of coupling
topologies cause qualitative changes of chimera states: additional ran-
dom links induce a shift of the stability regions in the system param-
eter plane, gaps in the connectivity matrix result in a change of the
multiplicity of incoherent regions of the chimera state, and hierarchi-
cal geometry in the connectivity matrix induces nested coherent and
incoherent regions.

DY 14.8 Tue 12:15 BH-N 243
Chimera states and the interplay between initial conditions
and non-local coupling — ∙Peter Kalle1,2, Anna Zakharova1,
Vladimir García-Morales2, Katharina Krischer2, and Ecke-
hard Schöll1 — 1TU Berlin, Institut für Theoretische Physik —
2TU München, E19 - Chemische Physik fern vom Gleichgewicht
This talk addresses the impact of initial conditions and non-local cou-
pling on the emergence of chimera states in networks of Stuart-Landau
oscillators. An intuitive approach is presented by which it is possible
to successfully predict and explain the occurrence of chimera states.
Following this, some of the main properties of chimera states are dis-
cussed in the light of this approach.
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DY 15: Statistical Physics - general

Time: Tuesday 9:30–12:30 Location: BH-N 334

DY 15.1 Tue 9:30 BH-N 334
Extracting Canonical Information from Grand Potential Den-
sity Functional Theory — ∙Daniel de las Heras and Matthias
Schmidt — Theoretische Physik II, Physikalisches Institut, Univer-
sität Bayreuth, D-95440 Bayreuth, Germany
Studying averaged quantities that compress the full many-body in-
formation into digestible, analyzable and experimentally measurable
quantities lies at the core of essentially all condensed matter physics.
Moreover, suitable averaging often simplifies theoretical treatments.
An example is the use of the grand canonical ensemble, which per-
mits fluctuations in the total number of particles, in the formulation
statistical mechanical liquid state theories. The structuring and self-
assembly of real systems, however, can depend crucially on the precise
number of particles in the system. In particular small systems, such
as e.g. finite colloidal clusters, are better analyzed canonically, where
the number of particles is fixed.

We present a general and formally exact method to obtain the canon-
ical one-body density distribution and the canonical partition sums
from direct decomposition of classical density functional results in the
grand canonical ensemble [1]. The method is relevant for treating finite
systems.

[1] D. de las Heras, and M. Schmidt. Accepted in Phys. Rev. Lett.
(2014).

DY 15.2 Tue 9:45 BH-N 334
Canonical approach to equilibrium properties of interacting
quantum gases — Quirin Hummel, Juan Diego Urbina, and
∙Klaus Richter — Institut für Theoretische Physik, Universität Re-
gensburg, 93040 Regensburg, Germany
It is generally accepted that the equilibrium properties of quantum
gases give the same results for the canonical and grand canonical en-
semble. For finite systems well below the thermodynamic limit, how-
ever, this equivalence breaks down. The total number of particles can-
not be fixed within the grand canonical formalism where this quantity
is subject to thermal and quantum fluctuations. This poses a serious
problem, as most of the powerful techniques to deal with quantum and
interaction effects in quantum gases are based on the grand canonical
formalism.

In this contribution we present a purely canonical approach, with the
specific intention to obtain virial-type expansions for finite systems of
interacting identical particles, including the equation of state and (lo-
cal and non-local) pair correlations. In our formalism the canonical
partition function is given by a finite expansion in the inverse temper-
ature, thus providing a closed explicit form for the quantum equation
of state. We also discuss the thermodynamic limit and the effect of
interactions and particle symmetry on the many-body spectra.

DY 15.3 Tue 10:00 BH-N 334
Calculating the density of states for materials with nested
sampling — ∙Robert Baldock1, Livia Bartók-Pártay2, Al-
bert Bartók-Pártay3, Mike Payne1, and Gábor Csányi3 —
1Department of Physics, University of Cambridge — 2Department of
Chemistry, University of Cambridge — 3Department of Engineering,
University of Cambridge
We present the developed nested sampling algorithm for calculating
the density of states of materials. Having obtained the density of
states, one can calculate the partition function and perform statis-
tical mechanics in full. We demonstrate calculation of the complete
pressure-temperature phase diagram for aluminium (using an EAM
potential), and a binary Lennard-Jones “alloy” that exhibits an order-
disorder transition.

Thermal distributions for virtually any structural quantity can be
calculated from the output of Nested Sampling. Such distributions are
obtained in seconds at any temperature.

DY 15.4 Tue 10:15 BH-N 334
Weak thermal contact is not universal for work extraction —
∙Henrik Wilming, Rodrigo Gallego, and Jens Eisert — Dahlem
Center for Complex Quantum Systems, Freie Universität Berlin, 14195
Berlin, Germany
The free energy difference to the equilibrium state limits the amount
of work that can be extracted on average from a system out of thermal

equilibrium. This bound can be saturated by protocols putting the
system and a bath into weak thermal contact (WTC), i.e., bringing
the system into a Gibbs state at the bath’s temperature. Surprisingly,
the same bound holds true when the contact to the heat bath is mod-
elled by more general proccesses, which have the only restriction that
when the system already is in equilibrium, it cannot be brought out of
it. In that sense, WTC is universal for work extraction.

In this work, we introduce the study of work-extraction protocols
under restrictions encountered in realistic devices at the nano-scale.
We consider limitations on the maximum energies in the system and
on the local structure of many-body Hamiltonians. Remarkably, we
find that WTC then loses its universality: There is a gap between the
work the can be extracted with WTC and with more general oper-
ations. Our work highlights the relevance of operational frameworks
such as those of thermal operations and Gibbs preserving maps, as
they can improve the performance of thermal machines, and provides
a unifying framework of incorporating natural restrictions in quantum
thermodynamics.

DY 15.5 Tue 10:30 BH-N 334
Ising model on two-dimensional unimodular Lattice Trian-
gulations — ∙Tony Wasserka, Benedikt Krüger, and Klaus
Mecke — Institut für Theoretische Physik, Staudtstr. 7, 91058 Er-
langen
Unimodular triangulations of two-dimensional integer lattices can be
used as real-space networks implementing certain amounts of order or
disorder. We couple the well-known Ising model (which is a common
prototype model for phase transitions and can be solved analytical for
regular lattices) with such lattice triangulations so that nearest neigh-
bours are defined by the edges of the triangulation. Using this setup
the critical temperature and critical exponents can be measured numer-
ically using Monte-Carlo-simulations. Introducing an order parameter
for triangulations and interpreting it as an energy we determine micro-
canonical and canonical averages and therewith the order-dependency
of these critical observables.

DY 15.6 Tue 10:45 BH-N 334
Corrections to finite–size scaling in the 𝜙4 model on square
lattices — ∙Jevgenijs Kaupuzs — University of Latvia, LV-1459
Riga, Latvia
Corrections to scaling in the two–dimensional scalar 𝜙4 model are stud-
ied based on non–perturbative analytical arguments and Monte Carlo
(MC) simulation data for different lattice sizes 𝐿 (4 ≤ 𝐿 ≤ 1536) and
different values of the 𝜙4 coupling constant 𝜆, i. e., 𝜆 = 0.1, 1, 10. Ac-
cording to our analysis, amplitudes of the nontrivial correction terms
with the correction–to–scaling exponents 𝜔ℓ < 1 become small when
approaching the Ising limit (𝜆 → ∞), but such corrections generally
exist in the 2D 𝜙4 model. Analytical arguments show the existence
of corrections with the exponent 3/4. The numerical analysis sug-
gests that there exists also a correction with the exponent 1/2, which
is detectable at 𝜆 = 0.1. The numerical tests clearly show that the
structure of corrections to scaling in the 2D 𝜙4 model differs from the
usually expected one in the 2D Ising model.

15 min. break

DY 15.7 Tue 11:15 BH-N 334
Multiply charged monopoles in cubic dimer model —
∙Sreejith Ganesh Jaya1 and Stephen Powell2 — 1MPI PKS,
Dresden, Germany — 2University of Nottingham, UK
The classical cubic dimer model is a 3 dimensional statistical mechani-
cal system whose degrees of freedom are dimers that occupy the edges
between nearest neighbour vertices of a cubic lattice. Dimer occu-
pancies are subject to the local constraint that every lattice point is
associated with exactly one dimer. In the presence of an aligning in-
teraction, it is known that the system exhibits an unconventional con-
tinuous thermal phase transition from a symmetry broken columnar
phase to a Coulomb-phase. The transition is in the NCCP1 univer-
sality class, which also describes the Neel-VBS transition in the JQ
model and the S=1/2 Heisenberg model with suppression of hedge-
hog defects. Using Monte-Carlo simulations of a pair of defects in a
background of fluctuating dimers, we calculate the scaling exponents
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for fugacities of monopole defects of charge Q=2 and 3 in this crit-
ical point. Our estimates suggest that Q=3 monopoles are relevant
and could therefore drive the JQ model away from the NCCP1 critical
point on a hexagonal lattice.

DY 15.8 Tue 11:30 BH-N 334
Critical adsorption and Casimir forces in systems with a glob-
ally constrained order parameter — ∙Markus Gross1,2, Oleg
Vasilyev1,2, and Siegfried Dietrich1,2 — 1Max-Planck-Institut für
Intelligente Systeme, Heisenbergstrasse 3, 70569 Stuttgart, Germany
— 2Institut für Theoretische Physik IV, Universität Stuttgart, Pfaf-
fenwaldring 57, 70569 Stuttgart, Germany
Typically, critical phenomena are investigated in the grand canonical
ensemble, in which the order parameter is free to fluctuate without
constraints. However, confining systems with a locally conserved or-
der parameter – such as fluids in a closed environment – imposes a
global constraint on the order parameter and thereby changes its fluc-
tuation spectrum. This situation is naturally encountered in particle-
or hydrodynamics-based simulations, such as Molecular Dynamics or
Lattice Boltzmann methods. Here, we explore the consequences of
the global order-parameter conservation on critical adsorption at walls
and critical Casimir forces in a fluid film. Analytical calculations have
been performed within mean-field theory as well as statistical field the-
ory of a Ginzburg-Landau model. These results are confronted with
Monte-Carlo simulations of the Ising model. Depending on the bound-
ary conditions, the constraint is found to induce significant changes in
the shape of the order-parameter profile of the adsorbed fluid. For in-
stance, within mean field theory the divergence of the order parameter
at the wall is cut-off. For certain boundary conditions, the Casimir
force experienced by the critical film can have a drastically different
temperature dependence as a consequence of the constraint.

DY 15.9 Tue 11:45 BH-N 334
Equilibrium of a mesoscopic system in a damping induced in-
homogeneous space — ∙Arijit Bhattacharyay — Indian Institute
of Science Education and Research, Pune, India
Complex molecules like proteins, colloids etc can often have confor-
mation dependent damping due to varied proximity of its constituents
from each other at different conformational states. The dynamics of
such systems in the conformation space, when in equilibrium with a
homogeneous heat bath, is generally considered to be a stochastic dy-
namics with multiplicative noise. The origin of the multiplicative noise
is related to the inhomogeneity of the conformation space caused by
damping on top of which there can exist inhomogeneity of space caused
by a conservative force field as usual. I would argue that, the equi-
librium distribution of such systems has to be of a modified Maxwell-
Boltzmann form resulting from a stochastic dynamics with additive
noise. In this approach, putting the stochastic problem to an additive
noise form would be the prerequisite for equilibrium. The results at
the limit of constant damping would be recovered.

DY 15.10 Tue 12:00 BH-N 334

Electrical charging effects on sliding lubrication proper-
ties of a model confined ionic liquid — ∙Rosario Capozza1,
Andrea Benassi2, Andrea Vanossi3,1, and Erio Tosatti1,4 —
1International School for Advanced Studies (SISSA), Via Bonomea
265, 34136 Trieste, Italy — 2Empa, Materials Science and Technol-
ogy, Uberlandstrasse 129, 8600 Dubendorf, Switzerland — 3CNR-IOM
Democritos National Simulation Center, Via Bonomea 265, 34136 Tri-
este, Italy — 4International Centre for Theoretical Physics (ICTP),
Strada Costiera 11, 34014 Trieste, Italy
Ionic liquids lubricants, used under conditions of nanometric confine-
ment between parallel plates or tip-surface gaps, explore the depen-
dence of friction upon charging, suggestive of some electrical control of
friction. Using a simple ionic liquid model, we first study by molecular
dynamics the friction between parallel plates under conditions of suc-
cessive layering reached by squeezout under an increasing inter-plate
force. We then simulate the frictional changes brought about by differ-
ent charging states of the plates, related to charging-induced switches
corresponding to squeezout (or suck-in) transitions between different
layering states as predicted by local minima in the charge-dependent
enthalpy curves. Although the actual frictional behavior obtained does
depend upon the assumed features and parameters of the model liq-
uid and its interaction with the plates, the broader scenario obtained
for charging effects, its relationship to the equilibrium layering and its
enthalpy characterization appear of general value.

DY 15.11 Tue 12:15 BH-N 334
Towards a General Theory of Extremes for Observables of
Chaotic Dynamical Systems — ∙Valerio Lucarini — Institute of
Meteorology, University of Hamburg, Hamburg, Germany — Depart-
ment of Mathematics and Statistics, University of Reading, Reading,
UK
In this paper we provide a connection between the geometrical proper-
ties of a chaotic dynamical system and the distribution of extreme val-
ues. We show that the extremes of so-called physical observables are
distributed according to the classical generalised Pareto distribution
and derive explicit expressions for the scaling and the shape parame-
ter. In particular, we derive that the shape parameter does not depend
on the chosen observables, but only on the partial dimensions of the
invariant measure on the stable, unstable, and neutral manifolds. The
shape parameter is negative and is close to zero when high-dimensional
systems are considered. This result agrees with what was derived re-
cently using the generalized extreme value approach. Combining the
results obtained using such physical observables and the properties
of the extremes of distance observables, it is possible to derive esti-
mates of the partial dimensions of the attractor along the stable and
the unstable directions of the flow. Moreover, by writing the shape
parameter in terms of moments of the extremes of the considered ob-
servable and by using linear response theory, we relate the sensitivity
to perturbations of the shape parameter to the sensitivity of the mo-
ments, of the partial dimensions, and of the Kaplan-Yorke dimension
of the attractor.

DY 16: Microswimmers - Part I (joint session DY/ BP/ CPP)

Time: Tuesday 9:30–12:30 Location: BH-N 128

DY 16.1 Tue 9:30 BH-N 128
Trapping of active particles in inhomogeneous systems —
∙Martin P. Magiera, Kevin Schröer, and Lothar Brendel —
Fakultät für Physik, Universität Duisburg-Essen
Inhomogeneities in a system containing active particles can lead to
an inhomogeneous particle distribution if they influence the particles’
velocities [Schnitzer, PRE 48, 2553]. Those may be caused, e.g., by
inhomogeneous tumble rates of bacteria or inhomogeneous drive of
men-made microswimmers [e.g. Buttinoni et al, PRL 110, 238301].

Using Brownian dynamics simulations we show that such inhomo-
geneities can lead to particle accumulation in a prescribed passivity re-
gion where the activity of particles is suppressed, an effect interesting
for applications. We derive a corresponding accumulation parameter
with an extended Fick’s law for inhomogeneous systems. Depending
on the overall particle density a complete particle trapping can be ob-
served. However, even if only a minority of particles is trapped, a tiny
yield can act as a nucleation seed for larger agglomerates generated
by dynamical clustering [Fily and Marchetti, PRL 108, 235702] and

pinned to the passivity region.

DY 16.2 Tue 9:45 BH-N 128
Statistics of passive tracers in an active fluid — ∙Levke
Ortlieb1, Matthias Mußler1, Christian Wagner1, Thomas
John1, Philippe Peyla2, and Salima Rafaï2 — 1Universität des
Saarlandes — 2Université Joseph Fourier - CNRS - LIPHY, Grenoble
In all aqueous suspension on earth there are various microswimmers,
e.g. algae. In our experiments we tracked passive polystyrene parti-
cles with diameters from 1 to 3𝜇m in suspension with the green alga
Chlamydomonas reinhardtii at various concentrations. We used dark
field microscopy for observations. The alga has a nearly spherical body
of 5 to 10𝜇m diameter and two flagella, which allow it to swims as a
puller. We analysed the trajectories of the colloids statistically, in par-
ticular, the mean squared displacement and the probability density
function (pdf) of position were computed. We found similarities to
Brownian motion, as the mean squared displacement is proportional
to time, but interestingly also a significant deviation was found: a non
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gaussian pdf of the tracer particle positions.

DY 16.3 Tue 10:00 BH-N 128
Characterization of Swimming Bacillus Subtilis — ∙Javad
Najafi1, Thomas John1, Gert Bange2, and Christian Wagner1

— 1Experimental Physics, Saarland University, D-66123 Saarbruecken,
Germany — 2LOEWE Center for Synthetic Microbiology (Synmikro),
Marburg, Germany
Bacteria can use flexible appendages called flagella to swim in aqueous
environment. Our goal is to understand the influence of the number
of flagella on the swimming behavior and efficiency. We study wild
type strain of bacillus subtilis as a model system to unravel a few
fundamental questions on swimming behavior of bacteria. Our micro-
organism is a peritrichous bacterium with about 25 flagella, and uses
run and tumble strategy to explore its surrounding. Using dark field
microscopy and tracking of single cell movements, we calculate statis-
tics of swimming velocity, running and tumbling times, turning angles,
diffusion coefficients and the temporal auto-correlations in changes of
swimming directions. In further steps, we will investigate the influ-
ence of number of flagella on genetically engineered bacillus subtilus
in aforementioned quantities.

DY 16.4 Tue 10:15 BH-N 128
Non-linear dynamics of self-organized ciliary beats — ∙pablo
sartori and frank julicher — Max Planck Institute for the Physics
of Complex Systems. Noethnitzer Strasse 38 , 01187, Dresden, Ger-
many.
The dynamic bending of cilia is driven by forces generated by dynein
motor proteins. These forces slide adjacent microtubule doublets
within the cilium. To create oscillatory beating patterns the activi-
ties of the dyneins must be coordinated both spatially and temporally.
It is believed that this coordination occurs via the self-organization
of the motors along the cilium, which are regulated by local strains
such as sliding or cuvature. Yet which strain is the most relevant in
regulation remains an elusive question.

In this work we show that self-organization of the motors is possi-
ble via a dynamic instability. We study the emerging beat patterns
close and far from the critical point. By comparing two different motor
regulatory mechanisms, sliding and curvature regulation, we conclude
that the first only produces propulsion for long cilia, while the second
does so also for short cilia. Our work thus suggests that short cilia
may be regulated via curvature, and not sliding of the filaments.

DY 16.5 Tue 10:30 BH-N 128
Simulation of a microswimmer consisting of a four bead ring
— ∙Hendrik Ender and Jan Kierfeld — Lehrstuhl für Theoretis-
che Physik I, Technische Universität Dortmund
Bead-spring structures undergoing cyclic shape changes in a viscous
liquid can serve as model systems for artificial microswimmers. Closed
ring-like bead-spring models can propel by cyclic shape changes, for
example, induced by cyclic expansion and contraction of springs. Us-
ing multi-particle collision dynamics, we simulate a four-bead swimmer
model in which the spheres are linked into a square-shaped ring struc-
ture. We show that cyclic changes of linker lengths give rise to a net
swimming motion. The model can be generalized by including more
beads into the ring structure and represents the first step towards the
simulation of bigger ring or spherical swimmers, which propel by cyclic
swelling and shrinking.

DY 16.6 Tue 10:45 BH-N 128
Spontaneous chiral symmetry breaking in model bacterial
suspensions — Rebekka E. Breier1, Robin L. B. Selinger2,
Giovanni Ciccotti3,4, Stephan Herminghaus1, and ∙Marco G.
Mazza1 — 1Max Planck Institute for Dynamics and Self-Organization
(MPIDS), Am Fassberg 17, 37077 Göttingen, Germany — 2Chemical
Physics Interdisciplinary Program, Liquid Crystal Institute, Kent
State University, Kent, OH, USA — 3Department of Physics, Uni-
versity of Rome “La Sapienza”, P.le A. Moro 5, 00185 Rome, Italy
— 4School of Physics, University College Dublin, Belfield, Dublin 4,
Ireland
Chiral symmetry breaking is ubiquitous in biological systems, from
DNA to bacterial suspensions. A key unresolved problem is how chiral
structures may spontaneously emerge from achiral interactions. We
study a simple model of bacterial suspensions in three dimensions that
effectively incorporates active motion and hydrodynamic interactions.
We perform large-scale molecular dynamics simulations (up to 106 par-

ticles) and describe stable (or long-lived metastable) collective states
that exhibit chiral organization although the interactions are achiral.
We elucidate under which conditions these chiral states will emerge
and grow to large scales. We also study a related equilibrium model
that clarifies the role of orientational fluctuations.

15 min. break

DY 16.7 Tue 11:15 BH-N 128
Velocity distributions in active Brownian suspensions —
∙Zahra Mokhtari and Annette Zippelius — Institute for Theo-
retical Physics, Georg-August University of Goettingen
We study numerically a model of self-propelled polar disks in suspen-
sion. The active particles interact via hard-core elastic interactions
and are driven along their axes, which are subject to rotational noise.
We study the distribution of linear and rotational velocities, which are
predicted to show strongly anomalous but largely universal features.
We furthermore analyze the correlations due to the coupling of transla-
tional and rotational motion and show that the alignment of particles’
velocities and orientations can be controlled by the damping.

DY 16.8 Tue 11:30 BH-N 128
Experimental setup for 3D tracking of artificial active mi-
croswimmers — ∙Gunnar Klös, Carsten Krüger, Corinna C.
Maass, and Stephan Herminghaus — Max Planck Institute for Dy-
namics and Self-Organization (MPIDS), 37077 Göttingen, Germany
During solubilisation in an aqueous surfactant solution well above the
critical micelle solution, droplets of nematic liquid crystal show self-
propelled swimming, driven by a Marangoni flow at the droplet in-
terface [1]. These active pusher-type swimmers provide a potential
physical model-system for micro-bioswimmers. We expect dimensional
confinement to have a significant impact on their dynamics [2].

We have designed an experimental setup combining a microfluidic
cell with a selective plane microscope using a scanning fluorescent light
sheet [3]. At densities within the single scattering limit, trajectories of
single swimmers or ensembles can be recorded under varying conditions
of buoyancy, particle activity and cell geometry.

[1] S. Herminghaus et al., Soft Matter 10, 7008 (2014). [2] E. Lauga
et al., Biophys. J. 90, 400 (2006). [3] J. Huisken et al., Science 305,
1007 (2004).

DY 16.9 Tue 11:45 BH-N 128
Liquid crystal droplets as artificial microswimmers —
Carsten Krüger, Gunnar Klös, Chenyu Jin, Corinna C.
Maass, ∙Christian Bahr, and Stephan Herminghaus — Max
Planck Institute for Dynamics and Self-Organization (MPIDS), 37077
Göttingen, Germany
Droplets of common nematic mesogens show self-propelled motion (ve-
locity up to 50 𝜇m/s, typical droplet diameter 10 - 100 𝜇m) when
placed into aqueous phases containing ionic surfactants at concentra-
tions considerably above the critical micelle concentration [1]. The
self-propelled motion is fueled by the solubilization of the nematic
droplet in the aqueous phase, resulting finally in the formation of a
microemulsion in which all mesogenic molecules have been transferred
from the initial droplet into the micelles of the ionic surfactant.

We report results concerning the dependence of the swimming be-
havior on various parameters (droplet size, surfactant concentration,
etc.), the trajectories in different confinements, the collective behav-
ior, and the influence of the nematic or isotropic state of the mesogenic
droplets.

[1] S. Herminghaus, C. C. Maass, C. Krüger, S. Thutupalli, L.
Goehring, and C. Bahr, Soft Matter 10, 7008 (2014).

DY 16.10 Tue 12:00 BH-N 128
3D-tracking reveals how sperm find the egg — Jan F.
Jikeli1, Luis Alvarez1, ∙Benjamin M. Friedrich2, and Laurence
Wilson3 — 1CAESAR, Bonn, Germany — 2MPI PKS, Dresden, Ger-
many — 3University of York, York, UK
Sperm cells are guided to the egg by chemical cues in a process termed
chemotaxis. We have previously put forward a theory of how sam-
pling a concentration gradient along helical paths allows sperm of
marine species to steer up-gradient [1]. Now, high-speed tracking in
three space dimensions allows to probe sperm navigation live. We
find that sperm display deterministic steering responses, which sets
their chemotaxis strategy apart from those employed by most bacte-
ria (biased random walk) or immune cells (spatial comparison). We
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dissect the control logic that links sensation and motor actuation in
sperm chemotaxis. We find that control delays are close to their theo-
retical optimum for up-gradient navigation. The resultant navigation
strategy is particularly well suited for fast swimmers operating at the
limits of chemical detection. The choice of optimal navigation strat-
egy of a search agent is tightly linked to its susceptibilities for noise [2].

[1] B.M. Friedrich et al.: Chemotaxis of sperm cells, PNAS 33, 2007.
[2] L. Alvarez et al.: The computational sperm cell, Trends in Cell
Biology 24, 2014.

DY 16.11 Tue 12:15 BH-N 128
Complex lane formation in asystem of dipolar mircroswim-
mers — ∙Florian Kogler and Sabine H. L. Klapp — Institute
of Theoretical Physics, Secr. EW 7-1, Technical University Berlin,

Hardenbergstrasse 36, D-10623 Berlin, Germany
We investigate the non-equilibrium structure formation of an experi-
mentally motivated [1] two-dimensional (2D) binary system of dipolar
colloids propelling in opposite directions. Using Brownian Dynamics
simulations we find a transition towards a laned state, reminiscent of
the laning transition in colloidal systems with isotropic repulsive inter
actions. However, the strongly anisotropic dipolar interactions induce
two novel features: First, lanes are characterized by a complex inter-
nal structure. Second, the laning transition displays reentrance with
respect to the interaction strength. We interprete our findings by sim-
ple theoretical arguments relating the observed behaviour to general
equilibrium properties of phase-separating fluids [2].

[1] S. Gangwal and O. J. Cayre and M. Z. Bazant and O. D. Velev,
PRL 100 (2008) 058302.

[2] F. Kogler and S. H. L. Klapp, preprint

DY 17: Modeling and Data Analysis

Time: Tuesday 9:30–12:00 Location: BH-N 333

DY 17.1 Tue 9:30 BH-N 333
Structure, equation of state and transport properties of
molten calcium carbonate (CaCO_3) from atomistic simu-
lations — Rodolphe Vuilleumier1, ∙Ari Paavo Seitsonen1,2,
Nicolas Sator3, and Bertrand Guillot3 — 1Département de
Chimie, École Normale Supérieure Paris, France — 2Institut für
Chemie, Universität Zürich, Switzerland — 3Sorbonne Universités,
Université Paris 6 et CNRS, UMR 7600, LPTMC, Paris, France
We have performed first-principle molecular dynamics (FPMD) sim-
ulations to evaluate the physical properties (liquid structure, density,
atomic vibrational motion, diffusion coefficients and electrical conduc-
tivity) of liquid calcium carbonate (CaCO_3), which are up to now
poorly known. As compared with silicate melts, molten CaCO_3 is
characterized by a low density, a viscosity almost as low as that of
water and a high conductivity. An empirical force field has been de-
veloped for predicting the properties of molten CaCO_3 at any state
point in the liquid stability field and used in classical MD simulations,
from which the equation of state and the phase diagram of the liquid
phase have been obtained. The self diffusion coefficients, viscosity, and
the electrical conductivity with pressure and temperature have been
investigated and the results fitted to analytical forms. It is shown that
the Stokes-Einstein equation, expressing the viscosity as a function of
diffusion motion, is followed and that the Nernst-Einstein equation re-
lating the electrical conductivity to the diffusion coefficients of charge
carriers leads to an accurate prediction of the conductivity when a
constant correcting factor is applied.

DY 17.2 Tue 9:45 BH-N 333
Optical detection of infrared and Raman modes in NdFeO3

under pressure * theory and experiment — ∙K. M. Lebecki4,
D. Legut5, M. Mihalik jr.1, M. Míšek2,6, M. Vávra1,3, M.
Mihalik1, K. V. Kamenev2, and M. Zentková1 — 1Institute of
Experimental Physics, Slovak Academy of Sciences, Košice, Slovak
Republic — 2Centre for Science at Extreme Conditions, University
of Edinburgh, Edinburgh, United Kingdom — 3Institute of Chem-
istry, Faculty of Science, P. J. Šafarik University, Košice, Slovak Re-
public — 4Nanotechnology Centre, VSB Technical University of Os-
trava, Ostrava-Poruba, Czech Republic — 5IT4Innovations Centre,
VSB Technical University of Ostrava, Ostrava-Poruba, Czech Republic
— 6Faculty of Mathematics and Physics, Charles University in Prague,
Czech Republic
We determine lattice vibrations in NdFeO3 crystal using first-principles
calculations. We assign them to Raman- and infrared active modes ac-
cording to the group theory. The direct method is used to obtain the
Hellman-Feynman forces. The supercell approach with the finite dis-
placement method is used to calculate phonon properties. Lattice vi-
brations, phonon density of states, dispersion curves, etc. are obtained
by the Phonopy program within harmonic approximation. Finally,
our results are compared with other calculations using interatomic
force constants and with our Raman experimental data for pressures
up to 110 kbar.

DY 17.3 Tue 10:00 BH-N 333
Optimizing Large-Scale ODE Simulations — ∙Mario Mulan-

sky — Institute for Complex Systems (ISC), CNR, Sesto Fiorentino,
Firenze, Italy
Efficient computational methods are crucial in many parts of science.
Here, we present a strategy to speed up Runge-Kutta-based ODE sim-
ulations of large systems with nearest-neighbor coupling. By introduc-
ing granularity we are able to transform the algorithm from bandwidth
bound to CPU bound. By additionally employing SIMD instructions
we are able to boost the efficiency even further. In total, a performance
increase of up to a factor three is reached when using cache optimiza-
tion and SIMD instructions compared to a standard implementation.

DY 17.4 Tue 10:15 BH-N 333
A Bayesian method for the analysis of deterministic and
stochastic time series — ∙Coryn Bailer-Jones — Max Planck
Institute for Astronomy, Heidelberg, Germany
I introduce a general, Bayesian method for modelling univariate time
series data assumed to be drawn from a continuous, stochastic pro-
cess. The method accommodates arbitrary temporal sampling, and
takes into account measurement uncertainties for arbitrary error mod-
els (not just Gaussian) on both the time and signal variables. Any
model for the deterministic component of the variation of the signal
with time is supported, as is any model of the stochastic component
of the signal and time variables. The posterior probability distribu-
tion over model parameters is determined via Markov Chain Monte
Carlo sampling. Models are then compared using the “cross-validation
likelihood”, a version of the Bayesian evidence which is less sensitive
to the prior. I illustrate the method on astronomical time series data
using both deterministic models and a purely stochastic model, the
Ornstein-Uhlenbeck process. This latter process appears to be a good
description of several astronomical phenomena, including the flux vari-
ability of objects as different as brown dwarfs and active galactic nuclei.

DY 17.5 Tue 10:30 BH-N 333
Learning equations of motion from sparse observations —
∙Andreas Ruttor, Philipp Batz, and Manfred Opper — Tech-
nische Universität Berlin
Equations of motion describe the dynamics of a system in terms of dif-
ferential equations. These can be derived from theory if all the relevant
properties are exactly known. But for real devices, e.g. robots, this is
usually not the case. Instead one can drive the system applying a noisy
control force and learn the equations of motion by observing its be-
havior. For that purpose we use a non-parametric approach based on
Gaussian process regression, which does not require a detailed model
of the dynamics, but still allows to include prior knowledge. As our
method is based on estimating the probability distribution in phase
space, it works with sparse observations, where the time intervals be-
tween data points are large.

DY 17.6 Tue 10:45 BH-N 333
State estimation and observability analysis employing delay
coordinates — ∙Ulrich Parlitz1,2, Jan Schumann-Bischoff1,2,
and Stefan Luther1,2 — 1Max Planck Institute for Dynamics and
Selforganization, Göttingen, Germany — 2Institute for Nonlinear Dy-
namics, Georg-August-Universität Göttingen, Germany
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For many dynamical processes in physics and other fields of science a
model is known, but some of its variables and parameter values are
difficult to observe or measure directly. In this case one may try to
estimate the unknown quantities by adapting the model to time se-
ries generated by the process of interest. We shall revisit this problem
by addressing the question whether the estimation problem is solv-
able in principle (observability) [1,2] and how synchronization based
estimation methods can be improved to achieve good estimates based
on few observables, only [3]. For both tasks delay coordinates will
be employed and the main concepts will be illustrated using examples
including the Lorenz-96 model and other chaotic systems.

[1] U. Parlitz, J. Schumann-Bischoff, and S. Luther, Phys. Rev. E
89, 050902(R) (2014).

[2] U. Parlitz, J. Schumann-Bischoff, and S. Luther, Chaos 24,
024411 (2014).

[3] D. Rey, M. Eldridge, M. Kostuk, H.D.I. Abarbanel, J. Schumann-
Bischoff, U. Parlitz, Physics Letters A 378, 869-873 (2014).

15 min. break

DY 17.7 Tue 11:15 BH-N 333
A new typology of El Niño and La Niña phases based on
evolving climate networks — ∙Marc Wiedermann1,2, Alexan-
der Radebach2,3, Reik V. Donner1, Jonathan F. Donges1,4,
and Jürgen Kurths1,2 — 1Potsdam Insitute for Climate Impact
Research, Germany — 2Humboldt University, Berlin, Germany —
3Mercator Research Institute on Global Commons and Climate
Change, Berlin, Germany — 4Stockholm Resilience Centre, Stockholm
University, Sweden
The El Niño Southern Oscillation (ENSO) has a large impact on the
global climate system. Its variability can roughly be categorized into
El Niño (anomalously warm), La Niña (anomalously cold) and normal
periods. Recently, it has been suggested that El Niño and La Niña
can be further discriminated into two different types. However, no
formal criterion for this distinction has been introduced so far. Here,
we use evolving climate networks from daily surface air temperature
fields and investigate the time-evolution of their structural properties.
During certain El Niño and La Niña periods global network measures
show distinct peaks indicating an induced reorganization of the global
climate system. For ENSO events without such reorganization, we find
substantially different spatial patterns of degree and other local mea-
sures than for the other events. This observation can be attributed
to the general signature of normal vs. anomalous ENSO events. In

this spirit, characteristics involved in the assessment of evolving cli-
mate networks allow to detect structural similarities between different
ENSO periods and systematically categorize these different stages.

DY 17.8 Tue 11:30 BH-N 333
Eigenvalue Density of the Doubly Correlated Wishart Model:
Exact Results — ∙Daniel Waltner, Tim Wirtz, and Thomas
Guhr — Fakultät für Physik, Universität Duisburg-Essen, Lotharstr.
1, 47048 Duisburg
Data sets collected at different times and different observing points can
possess correlations at different times and at different positions. The
doubly correlated Wishart model takes both into account. We calcu-
late the eigenvalue density of the Wishart correlation matrices using
supersymmetry. In the complex case we obtain a new closed form ex-
pression which we compare to previous results in the literature. In the
much more complicated real case we derive an expression for the den-
sity in terms of a fourfold integral. Finally, we calculate the density in
the limit of large correlation matrices.

DY 17.9 Tue 11:45 BH-N 333
Entropy maps of complex excitable dynamics in cardiac cell
cultures — ∙Alexander Schlemmer1,2, T.K. Shajahan1, Sebas-
tian Berg1,2, Stefan Luther1,2, and Ulrich Parlitz1,2 — 1Max
Planck Institute for Dynamics and Self-Organization, Am Fassberg
17, 37077 Göttingen, Germany — 2Institute for Nonlinear Dynamics,
Georg-August-Universität Göttingen, Am Fassberg 17, 37077 Göttin-
gen, Germany
The characterization of spatiotemporal complexity remains a challeng-
ing task. This holds in particular for the analysis of data from fluores-
cence imaging (optical mapping), which allows for the measurement
of membrane potential and intracellular calcium at high spatial and
temporal resolution. Hitherto methods include dominant frequency
maps and the analysis of phase singularities. While these methods ad-
dress some important aspects of cardiac dynamics, however they only
consider very specific properties of excitable media.

We implemented several information-theoretical quantities derived
from symbolic chains and wavelet-spectra. Using optical mapping from
embryonic chicken cell culture experiments the methods have been
validated and benchmarked. We discuss our findings with respect to
dominant frequency maps and analysis of phase singularities. In this
context we present a workflow to preprocess, filter and analyse large
amounts of video data using the above techniques.

DY 18: Focus Session: Dynamics in Many-Body Systems: Equilibration and Localization (joint
session TT/DY)

Much progress has recently been made in realizing controlled and coherent many-body systems, in the
fields of condensed matter as well as ultra-cold atomic systems. One of the most exciting developments
in recent years is the realization that disorder and interactions together can lead to an entirely new form
of localization, “many-body localization”, the study of which is in its very infancy: nature, mechanism,
and implications of many-body localisation are now subject of a rapidly developing field.
This Focus Session considers several aspects of many-body localisation: how to describe many-body
localisation in a theoretical model; the roles of symmetry, topology, and of external driving; it also
considers connections to the venerable field of Anderson localization. In addition, it features an account
of recent experiments.
Organizers: Roderich Moessner and Frank Pollmann (MPI-PKS Dresden)

Time: Tuesday 9:30–13:00 Location: H 0104

Invited Talk DY 18.1 Tue 9:30 H 0104
Probing Non-Equilibrium Dynamics with Ultracold Atoms:
from Quantum Magnetism to Many-Body Localization —
∙Immanuel Bloch — Fakultät für Physik, Ludwig Maximilians Uni-
versität, München, Germany — Max-Planck Institut für Quantenop-
tik, Garching b. München, Germany
Ultracold quantum gases are an ideal testbed to study non-equilibrium
dynamics of closed quantum systems. Their isolation from the envi-
ronment for example enables one to probe the dynamical evolution of
high-energy states in strongly interacting quantum many-body system.
In many of these cases, this can result in a breakdown of fundamen-

tal assumptions of statistical mechanics, leading to novel many-body
paradigms such as, e.g., many-body localization. In my talk I will give
several examples from recent experiments in our group where we have
studied the quantum dynamics of spin-spirals in a Heisenberg ferro-
magnet, novel ordering phenomena in long-range interacting quantum
magnets realized via Rydberg atoms and the observation of many-
body localization in interacting fermionic quantum gases in disordered
lattice potentials.

Invited Talk DY 18.2 Tue 10:00 H 0104
Many-Body Localization — ∙Dmitry Abanin — University of
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Geneva, Switzerland — Perimeter Institute for Theoretical Physics,
Waterloo, Ontario, Canada
We are used to describing systems of many particles by statistical me-
chanics. However, the basic postulate of statistical mechanics – ergod-
icity – breaks down in so-called many-body localized systems, where
disorder prevents particle transport and thermalization. In this talk, I
will give an overview of recent developments in many-body localization.
I will describe a phenomenological theory of the many-body localized
(MBL) phase, based on new insights from quantum entanglement. I
will argue that, in contrast to ergodic systems, MBL eigenstates are not
highly entangled, but rather obey so-called area law, typical of ground
states in gapped systems. I will use this fact to show that MBL phase
is characterized by an infinite number of emergent local conservation
laws, in terms of which the Hamiltonian acquires a universal form.
Turning to the experimental implications, I will describe the response
of an MBL systems to quenches: surprisingly, entanglement shows log-
arithmic in time growth, reminiscent of glasses, while local observables
exhibit power-law approach to “equilibrium” values. I will support the
presented theory with the results of numerical experiments, and close
by discussing experimental implications and other directions in explor-
ing ergodicity and its breaking in quantum many-body systems.

Topical Talk DY 18.3 Tue 10:30 H 0104
Long-Time Behaviour of Periodically Driven Many-Body
Quantum Systems — ∙Achilleas Lazarides1, Arnab Das2, and
Roderich Moessner1 — 1Max-Planck-Institut für Physik komplexer
Systeme, Dresden, Germany — 2Indian Association for the Cultivation
of Science, Kolkata, India
We study the long-time behaviour of closed quantum systems under
temporally periodic driving, arguably the simplest deviation from equi-
librium. Drawing inspiration from current understanding of equili-
bration and thermalisation in closed quantum systems with a time-
independent Hamiltonians we study the long-time behaviour of free,
interacting and (many-body) localised systems under periodic driving.

15 min. break.

Topical Talk DY 18.4 Tue 11:15 H 0104
Many Body Localization and Eigenstate Order — ∙Shivaji
Sondhi — Department of Physics, Princeton University, Princeton,
NJ 08544, USA
Recent advances in our understanding of the quantum statistical me-
chanics of isolated quantum systems have focused attention on the
properties of individual many body eigenstates of large systems. While
these advances have deepened our understanding of thermal/ergodic
systems, they are even more crucial for understanding the properties
of many body localized systems where statistical mechanics breaks
down. In particular, as I will describe, many body localized systems
can exhibit phase transitions while remaining localized wherein the
properties of their eigenstates change in singular fashion even as naive
statistical mechanical averages are entirely smooth.

Invited Talk DY 18.5 Tue 11:45 H 0104
Anderson Transitions and Electron-Electron Interaction —

∙Alexander Mirlin — Karlsruhe Institute of Technology, 76131
Karlsruhe, Germany
Recent results on the interplay of Anderson localization and electron-
electron-interaction effects will be reviewed.

DY 18.6 Tue 12:15 H 0104
Impact of the eigenstate thermalization hypothesis on the
relaxation of significantly off-equilibrium initial states — Ab-
dellah Khodja1, Robin Steinigeweg2, and ∙Jochen Gemmer1 —
1Department of Physics, University Osnabrück, Germany — 2Institute
for Theoretical Physics, Technical University Braunschweig, Germany
We investigate the connection between (a precisely stated version) of
the eigenstate thermalization hypothesis (ETH) and initial state inde-
pendent (ISI) equilibration of chosen observables. The focus is on a
class of initial states that render the addressed observables significantly
off-equilibrium, rather than on initial states contrived by quenches. An
extensive numerical study on spin systems that goes beyond exact di-
agonalization indicates that the smallness of a certain ETH related
quantity is indeed imperative to the occurence of ISI equilibration for
the above class of initial states.

DY 18.7 Tue 12:30 H 0104
Typicality of Eigenstate Thermalization — ∙Peter Reimann
— Theoretische Physik, Universität Bielefeld, Germany
Thermalization, i.e., the relaxation of a macroscopic system towards
thermal equilibrium, is a very common and well-established experi-
mental fact, but has still not been satisfacorily explained in terms of
the basic laws of physics. Specifically, for isolated many-body sys-
tems, the so-called eigenstate thermalization hypothesis (ETH) has
recently attracted much interest as a sufficient condition from which
thermalization could be deduced. Here, this hypothesis is validated
as a typicality property for the textbook example of a simple gas in
a box: admitting some tiny uncertainty about the “true” value of a
single model parameter, e.g. the particle interaction strength, ETH
and thus thermalization are warranted for the overwheling majority of
those slightly differing model parameter values.

DY 18.8 Tue 12:45 H 0104
Nonsmooth and level-resolved dynamics illustrated with a pe-
riodically driven tight binding model — ∙Jiang min Zhang and
Masudul Haque — Max-Plank-Institute-PKS, Dresden, Germany
We point out that in the first order time-dependent perturbation the-
ory, the transition probability may behave nonsmoothly in time and
have kinks periodically. Moreover, the detailed temporal evolution can
be sensitive to the exact locations of the eigenvalues in the continuum
spectrum, in contrast to coarse-graining ideas. Underlying this nons-
mooth and level-resolved dynamics is a simple equality about the sinc
function 𝑠𝑖𝑛𝑐(𝑥) ≡ sin𝑥/𝑥. These physical effects appear in many
systems with approximately equally spaced spectra, and is also robust
for larger-amplitude coupling beyond the domain of perturbation the-
ory. We use a one-dimensional periodically driven tight-binding model
to illustrate these effects, both within and outside the perturbative
regime.

[1] J. M. Zhang and Masudul Haque, arXiv:1404.4280.

DY 19: Transport: Graphene (joint session TT/ CPP/ DS/ DY/ HL/ MA/ O)

Time: Tuesday 9:30–12:15 Location: A 053

DY 19.1 Tue 9:30 A 053
Observation of supercurrent in graphene-based Josephson
junction — ∙Libin Wang1, Chuan Xu2, Sen Li1, Wencai Ren2,
and Ning Kang1 — 1Key Laboratory for the Physics and Chemistry
of Nanodevices and Department of Electronics, Peking University, Bei-
jing 100871, China — 2Shenyang National Laboratory for Materials
Science, Institute of Metal Research, Chinese Academy of Sciences,
Shenyang 110016, China
Josephon junctions with a normal metal region sandwiched be-
tween two superconductors (S) are known as superconductor- normal-
superconductor (SNS) structures. It has attracted significant atten-
tion especially when changing the normal metal with graphene, which
allow for high tunability with the gate voltage and to study the prox-
imity effect of the massless Dirac fermions. Here we report our work
on graphene-based Josephon junction with a new two dimensional su-

perconductor crystal, which grown directly on graphene, as supercon-
ducting electrodes. At low temperature, we observer proximity effect
induced supercurrent flowing through the junction. The temperature
and the magnetic field dependences of the critical current character-
istics of the junction are also studied. The critical current exhibits a
Fraunhofer-type diffraction pattern against magnetic field. Our exper-
iments provided a new route of fabrication of graphene-based Josephon
junction.

DY 19.2 Tue 9:45 A 053
Magnetoresistance of nanocrystalline and ion-irradiated
graphene — ∙Paul Linsmaier1, Lorenz Weiss1, Armin
Shaukat1, Christian Bäuml1, Daniel Steininger1, Ina
Schneider1, Matthias Büenfeld2, Nils-Eike Weber2, Andrey
Turchanin2, Miriam Grothe3, Thomas Weimann3, Ferdinand
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Kißlinger4, Heiko B. Weber4, and Christoph Strunk1 — 1Inst.
f. Exp. and Appl. Physics, University of Regensburg — 2Fac. of
Physics, University of Bielefeld — 3Physikalisch-Technische Bunde-
sanstalt, Braunschweig — 4Fac. of Physics, F.-A. University Erlangen-
Nürnberg
We investigate the magnetotransport in Hall bar structures of
nanocrystalline graphene [1] compared to Ar+-bombarded epitaxial
graphene [2]. We measured the resistance 𝑅(𝑇 ) and 𝑅(𝐵) for samples
with different sheet resistance (10-40 kΩ/sq at 𝑇 = 300K). The I-V
characteristics of both types show strong non-linear behavior at low
temperatures. Low resistive samples of nanocrystalline graphene show
positive magnetoresistance (MR) with values up to + 60 % in perpen-
dicular magnetic field for temperatures below a crossover temperature.
Above this temperature the MR becomes negative. The perpendicular
MR in the ion-bombarded graphene was always negative. In parallel
magnetic field the MR exhibits large positive values up to + 700 % in
the nanocrystalline graphene. Strongly non-monotonic behavior of the
MR was observed in the ion-bombarded sample in parallel field.

[1] A. Turchanin et al., ACS Nano 5 (2011).
[2] K. V. Emtsev et al., Nat. Mat. 8, 203 - 207 (2009).

DY 19.3 Tue 10:00 A 053
Aharonov-Bohm effect in a graphene ring encapsulated in
hexagonal boron nitride — ∙Jan Dauber1,2, Martin Oellers1,
Alexander Epping1,2, Kenji Watanabe3, Takashi Taniguchi3,
Fabian Hassler4, and Christoph Stampfer1,2 — 1JARA-FIT and
2nd Institute of Physics, RWTH Aachen University, Aachen, Germany
— 2Peter Grünberg Institute (PGI-9), Forschungszentrum Jülich,
Jülich, Germany — 3National Institute for Materials Science, 1-1
Namiki, Tsukuba, Japan — 4JARA-Institute for Quantum Informa-
tion at RWTH Aachen University, Aachen, Germany
Recent developments in the van der Waals assembly of heterostruc-
tures of two-dimensional materials enable the fabrication of graphene
on substrate with very high quality. Outstanding charge carrier mo-
bility and mean free path have been reported for micrometer sized
samples of graphene encapsulated in hexagonal boron nitride (hBN).
These unique electronic properties offer opportunities for the obser-
vation of rich mesoscopic transport phenomena in sub-micron sized
graphene-hBN devices. Here, we present low-temperature magneto-
transport measurements on a high mobility graphene ring encapsulated
in hexagonal boron nitride. We observe the co-existence of weak local-
ization, Aharonov-Bohm (AB) oscillations and universal conductance
fluctuations. We investigate the periodicity of the AB oscillations as
a function of charge carrier density and find clear evidence of the AB
effect even at very low carrier densities. Finally, we report on the in-
vestigation of the AB oscillations in the cross over regime of emerging
quantum Hall effect at reasonable magnetic fields.

DY 19.4 Tue 10:15 A 053
Ab-initio simulations of local current flows in functional-
ized graphene flakes and ribbons — ∙Michael Walz1, Jan
Wilhelm2, Alexei Bagrets1, and Ferdinand Evers3 — 1Institute
of Nanotechnology, Karlsruhe Institute of Technology, D-76131 Karl-
sruhe, Germany — 2Institute of Physical Chemistry, University of
Zürich, CH-8057 Zürich, Switzerland — 3Institute for Theoretical
Physics, University of Regensburg, D-93040 Regensburg, Germany
Using our DFT-based transport framework AITRANSS [1], we calcu-
late the transmission and the local current density in graphene flakes
functionalized by adsorbed atoms, such as nitrogen or hydrogen. We
find that even a single nitrogen atom can almost completely suppress
the conductance of a (gated) graphene armchair nano-ribbon. In this
situation local ring currents emerge that result in local (orbital) mag-
netic moments.

In addition, the current flow shows a highly inhomogeneous struc-
ture. In the absence of any scatters, the current flows along parallel
streamlines that exhibit a strong lateral modulation [2]. In the presence
of scattering centers, such as 20% hydrogen absorbants, we observe a
filamentary pattern of streamlines. It exhibits local ring currents (“ed-
dies”) that go along with sizeable local magnetic fields, B(r). [3]

In the future, we plan to study the statistics of local currents of such
large flakes and its dependency on the impurity concentration.

[1] A. Arnold, F. Weigend, F. Evers, J. Chem. Phys. 126 (2007)
[2] J. Wilhelm, M. Walz, F. Evers, Phys. Rev. B 89 (2014)
[3] M. Walz, J. Wilhelm, F. Evers, Phys. Rev. Lett. 113 (2014)

DY 19.5 Tue 10:30 A 053

Fabry-Pérot interference in monolayer and bilayer graphene
devices — ∙Ming-Hao Liu and Klaus Richter — Institut für The-
oretische Physik, Universität Regensburg, D-93040 Regensburg, Ger-
many
Recent progress on high-quality graphene device fabrications has
made submicron- or even micron-scale phase-coherent phenomena in
graphene experimentally observable. Hence reliable quantum trans-
port simulations for ballistic graphene devices are nowadays highly
demanded. In this talk we give an overview on how such simulations
can be accurately and efficiently performed. Concrete examples of
Fabry-Pérot interference in single pn junctions in suspended mono-
layer graphene [1], multiple pn junctions in monolayer graphene on
substrate [2], and pnp junctions in bilayer graphene encapsulated by
hexagonal boron nitrite [3] will be briefly shown, as well as further
studies of “electron optics” in graphene.

[1] P. Rickhaus, R. Maurand, M.-H. Liu, M. Weiss, K. Richter,
and C. Schönenberger, Nature Comm. 4, 2342 (2013);
M.-H. Liu, et. al., arXiv:1407.5620 (2014).
[2] M. Drienovsky, F.-X. Schrettenbrunner, A. Sandner, D. Weiss,
J. Eroms, M.-H. Liu, F. Tkatschenko, and K. Richter,
Phys. Rev. B 89, 115421 (2014).
[3] A. Varlet, M.-H. Liu, V. Krueckl, D. Bischoff, P. Simonet,
K. Watanabe, T. Taniguchi, K. Richter, K. Ensslin, and T. Ihn,
Phys. Rev. Lett. 113, 116601 (2014).

DY 19.6 Tue 10:45 A 053
Substrate-Induced doping of supported graphene: an ab ini-
tio study — ∙Arezoo Dianat1, Rafael Gutierrez1, Zhongquan
Liao2, Martin Gall2, Ehrenfried Zschech2, and Gianaurelio
Cuniberti1 — 1Institute for Materials Science, Technische Univer-
sität Dresden, D-01062 Dresden, Germany — 2Fraunhofer Institute
for Ceramic Technologies and Systems, D-01109 Dresden, Germany
A major challenge for applications of graphene in nanoelectronics is
the absence of a band gap in its low energy spectrum. One possibility
of gap opening is doping and there are various methods to achieve it:
evaporation, thermal treatment, and plasma doping. In this study,
using ab initio molecular dynamics, we investigate graphene doping
mediated by substrate-induced mechanisms. More specifically, we ad-
dress graphene on a B-doped Si(100) surface. Our ab initio total energy
calculations show that B atoms prefer to locate on the surface layer
of Si(100). Further, intercalation of B atoms into vacancy positions
of graphene is only found for temperatures larger than 700 K. In a
second step, the electrical transport properties of B-doped graphene
are studied using the non-equilibrium Green’s function approach.

15 min. break.

DY 19.7 Tue 11:15 A 053
Density of states of graphene with vacancies — ∙Soumya Bera
— MPI-PKS, Dresden
We numerically calculate the density of states (DOS) of graphene in
the presence of compensated vacancy disorder. The model belongs
to the BDI class of Atland-Zirnbauer symmetry classification of disor-
dered metals, where the non-linear Sigma model predicts a Gade-type
singularity in the DOS 𝜌(𝐸) ∼ 𝐸−1exp(−|log(𝐸)|−1/2). We show that
in the pre-asymptotic regime this is indeed true, however, at even lower
energies the Gade-type behavior gives away to a stronger singularity
of the form 𝜌(𝐸) ∼ 𝐸−1|log(𝐸)|−𝑥 with 2 > 𝑥 ≥ 1 in agreement with
recent analytical work (Ostrovsky et al., PRL 113, 186803). We con-
clude that the generic Sigma model of the BDI class does not apply
for strong (unitary) scatterers; the nature of disorder is of important
to determine the low energy behaviour of disordered graphene.

[1] PRL 113, 186802 (2014).

DY 19.8 Tue 11:30 A 053
Nonlocal optical excitations and dynamic shear viscosity of
graphene — ∙Julia Link, Peter P. Orth, and Jörg Schmalian
— Institute for Theoretical Condensed Matter physics, Karlsruhe In-
stitute of Technology (KIT), 76131 Karlsruhe
We study the dynamic shear viscosity of the interacting electronic fluid
of graphene in the finite frequency, collision-less regime, relevant for
nonlocal optical properties. We determine the frequency dependence
of the dynamic shear viscosity for non-interacting graphene and study
the influence of the long-range Coulomb interaction. Finally we discuss
a setup where the viscosity can be spectroscopically measured.

32



Berlin 2015 – DY Tuesday

DY 19.9 Tue 11:45 A 053
Transport phenomena in deformed graphene: Magnetic field
versus curvature — Thomas Stegmann1,2 and ∙Nikodem Szpak1

— 1Fakultät für Physik, Universität Duisburg-Essen, Duisburg, Ger-
many — 2Instituto de Ciencias Fisicas, Universidad Nacional Au-
tonoma de Mexico, Cuernavaca, Mexico
The current flow in deformed graphene nanoribbons is studied theo-
retically. Using a tight-binding model, we apply the nonequilibrium
Green’s function (NEGF) method to investigate how a localized de-
formation and a perpendicular magnetic field affect the current flow.
At long wavelengths, the eikonal approximation applied to the effec-
tive Dirac equation leads to the Mathisson-Papapetrou equations de-
scribing trajectories of a spinning point-like particle in a curved space.
We show that these trajectories are compatible with the current flow
paths of the NEGF calculations. The deformation has two-fold effect
on them: First, via a pseudo-magnetic field, with sixfold symmetry of
attractive and repulsive regions, which acts differently on electrons and
holes, but changes its sign when going from the K to the K’ point. Sec-
ond, via an attractive force due to the curvature of the ribbon, which
treats electrons and holes equivalently. We conclude with an outlook
on how to use deformed graphene ribbons for geometrical focusing of
the current flow.

DY 19.10 Tue 12:00 A 053

Merging of the Dirac points in electronic artificial graphene —
∙Juraj Feilhauer1,2, Walter Apel1, and Ludwig Schweitzer1 —
1Physikalisch-Technische Bundesanstalt (PTB), Braunschweig, Ger-
many — 2Institute of Electrical Engineering, Slovak Academy of Sci-
ences, Bratislava, Slovakia
Artificial graphene (AG) is a man-made electron system which has a
similar bandstructure as normal graphene, i.e. in the low-energy part
of the electronic spectrum, two bands touch and form a pair of Dirac
cones. We study analytically and numerically the bandstructure of
electronic AG under uniaxial strain. Here, AG is created from the two-
dimensional electron gas by applying a repulsive triangular potential
and the effect of strain is modeled by tuning the distance between the
repulsive potentials along the armchair direction. In normal graphene,
the theory based on nearest-neighbour tight-binding approximation
predicts that due to the change of the hopping integrals by applying
uniaxial strain, both Dirac cones are shifted away from the corners of
the Brillouin zone and also becomes elliptical instead of circular. With
increasing compressive strain, the Dirac cones move along the edge of
Brillouin zone towards each other until they merge. We show that such
a merging of the Dirac cones also exists in uniaxially compressed AG.
With applied strain, we find the Dirac cones are also tilted and that
can be simulated by the presence of a next-nearest-neighbour hopping
in the tight-binding hamiltonian. We discuss a possible realization of
our theoretical results in a recent experiment with molecular graphene.

DY 20: Focus Session: Complex Contagion Phenmomena (joint session SOE/ DY/ BP)
Complex contagion is the phenomenon in nature in which multiple factors are required for an agent
in order to adopt or/and change of a behavior. Generically pathogens, information, opinions, new
technologies that spread and proliferate on networks (e.g. contact networks between individuals in single
populations or in networks of populations that are coupled by means of transportation, etc) interact,
coexist and coevolve. These can effectively change simple dynamical processes to complex contagion
phenomena. This session addresses the theoretical approaches as well as empirical studies dealing with
these phenomena. (Session compiled and chaired by Fakhteh Ghanbarnejad and Dirk Brockmann.)

Time: Tuesday 10:15–13:15 Location: MA 001

Topical Talk DY 20.1 Tue 10:15 MA 001
Micro dynamics of social interactions — ∙Sune Lehmann —
Technical University of Denmark, Kgs Lyngby, Denmark
Over the past decade, we have made tremendous progress in under-
standing the complex networks in the world around us. In terms of
social systems, we have recently developed the technological ability
to measure the dynamics such networks with unprecedented accuracy,
using smartphones as sensors.

For the past two years, my group has worked towards creating a
dataset of unparalleled quality and size. We use smartphones as
measurement devices to capture the complete network (face-to-face,
telecommunication, online social networks, geolocation, etc) in a group
of approximately 1000 individuals. In terms of size, this increases the
number of study participants by a full order of magnitude compared
to similar studies in the field.

I’ll give an overview of our ongoing work with a particular focus on
spreading processes as well as communities in face-to-face networks.

DY 20.2 Tue 10:45 MA 001
Cooperative SIS epidemics can lead to abrupt outbreaks —
∙Fakhteh Ghanbarnejad1, Li Chen2, Weiran Cai3, and Peter
Grassberger4 — 1Max Planck Institute for the Physics of Complex
Systems, Dresden, Germany — 2Robert Koch- Institute, 13353 Berlin,
Germany — 3TU Dresden, Germany — 4JSC, FZ Jülich, D-52425
Jülich, Germany
In this paper, we study spreading of two cooperative SIS epidemics in
mean field approximations and also within an agent based framework.
Therefore we investigate dynamics on different topologies like Erdos-
Renyi networks and regular lattices. We show that cooperativity of
two diseases can lead to strongly first order outbreaks, while the dy-
namics still might present some scaling laws typical for second order
phase transitions. We argue how topological network features might
be related to this interesting hybrid behaviors.

DY 20.3 Tue 11:00 MA 001
How to quantify the strength of factors in a contagion phe-

nomena? — Fakhteh Ghanbarnejad, Martin Gerlach, Jose M.
Miotto, and ∙Eduardo G. Altmann — Max Planck Institute for
the Physics of Complex Systems, Dresden
Different factors contribute to the spreading of a process through a
population. For instance, the adoption of an innovation may depend
on factors such as peer pressure, agent specific believes, and the intrin-
sic fitness of the innovation. In this talk we (i) introduce a measure
of the contribution of a factor to the overall spreading; (ii) show how
this measure depends on the spreading dynamics (e.g., Bass or Thresh-
old) and network topology; and (iii) propose methods to estimate the
strength of factors from data.
[1] F. Ghanbarnejad, M. Gerlach, J. M. Miotto, and E. G. Altmann,
"Extracting information from S-curves of language change", J. R. Soc.
Interface 11, 20141044 (2014)

DY 20.4 Tue 11:15 MA 001
Competitive percolation: How cooperation can strengthen
competitors — li chen1,2 and ∙dirk brockmann1,2 — 1Robert-
Koch Institute, Berlin, Germany — 2Humboldt University, Berlin,
Germany
Competition and cooperation are ubiquitous in natural and social sys-
tems. Typically, both concepts are considered as antagonistic and
mutually exclusive dynamic forces that typically enter systems as in-
dependent degrees of freedom with opposite signs. Direct interactions
of both concepts, e.g. the benefit of cooperation among competitors
and vice versa, is less well understood. Here we investigate a net-
work system, in which two choices initially compete with for individual
agents in a susceptible population. Cooperation enters the system by
enhanced recruitment in a secondary contagion process for those indi-
viduals that recovered from the first reaction. A mean-field analysis
supplemented with agent-based simulations shows that these systems
can exhibit a discontinuous transition for the contagion process for
strong cooperativity. We also show that one ”infection” only survives
in the presence of the other. Our model can shed light on the dynamics
of systems in socio-economic contexts, sports and stability of fashion
traits.
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DY 20.5 Tue 11:30 MA 001
The good, the bad and the optimal: allocation of resources
during emergent infectious diseases — ∙Olga Baranov1 and
Dirk Brockmann1,2 — 1Robert Koch Institut, Berlin — 2HU Berlin
The growing complexity of global mobility is a key challenge for the
understanding of the worldwide spread of emergent infectious diseases
and the design of effective containment strategies. Despite global con-
nectivity, containment policies are based on national, regional and ’ego-
centric’ assessments of outbreak situations that are no longer effective
or meaningful in the development of efficient containment strategies.
This was recently demonstrated by 2014 Ebola outbreak in West Africa
where months passed before a concerted effort followed. Despite the
importance of the matter, optimal strategies are poorly understood.
We investigate a model for the optimal deployment of mitigation re-
sources in a network of interacting countries. Each node can exercise
a limited amount of resources among all nodes in the network to mit-
igate an outbreak. At each node costs are a combination of invested
resources and effective susceptibility to import a disease. We treat the
problem game theoretically and show that, contrary to common belief,
purely selfish and cooperative actions do not differ considerably in a
single outbreak scenario. Purely selfish behavior tends to invest re-
sources at the outbreak location. However, in a scenario with multiple
outbreak locations we find that resource allocation can follow more
complex patterns and nodes can fall back on egocentric resource allo-
cations. We will report on preliminary results obtained for a system
when disease dynamics and resource allocation are modelled explicitly.

Topical Talk DY 20.6 Tue 11:45 MA 001
Containing epidemics using limited resources and informa-
tion — ∙Olivia Woolley-Meza — Computational Social Science,
ETH Zurich, Clausiusstrasse 37, CLD C6
Every action taken to contain disease spread carries a potential payoff
but also a cost. Can we successfully contain epidemic spreading when
resources are limited, and decisions on how to allocate these resources
are based on imperfect information? I will discuss two cases where the
interaction of economic constraints with disease spread transforms the
spreading dynamics, usually making it harder to contain the disease.
However, I will show that some constraints can work to our advantage.
I first consider the dynamics of an epidemic when the recovery of sick
individuals depends on the availability of healing resources that are
generated by the healthy population. Epidemics spiral out of control
into “explosive” spread if the cost of recovery is above a critical cost.
The transition to this explosive regime is discontinuous – once there
are signs of a transition it can no longer be prevented. In the second
case I will show you how the information resolution available to indi-
viduals determines the effectiveness of voluntary vaccination decisions.
Although an epidemic cannot be contained when individuals use global
information, the successful eradication of a disease can occur in an in-
termediate region of information resolution between the local and the
global.

DY 20.7 Tue 12:15 MA 001
Virus transmission on a network of injecting drug users —
∙Cornelia Metzig and Peter White — Department of Infectious
Disease Epidemiology, Imperial Collge London, UK
The Hepatitis C virus (HCV) is a virus that is most prevalent among
injecting drug users, who transmit the virus by sharing their injecting
equipment, a problem that receives much attention from healthcare
providers. Several studies investigate the topology of drug injecting
partners via snowball sampling methods with the goal of describing a
static network. Typical networks are reported to be highy clustered,
assortive and heavy-tailed in degree distribution. Transmission dy-
namics of the virus can be described by SIR or SIS-models, depending

whether treatment is considered.
In addition, virus transmission is affected by (i) change in sharing

partners, and (ii) entry and exit from the community, which happen
at shorter timescales than the duration of an untreated infection is.
These phenomena can be captured in a network model where each
connection describes only one sharing event. Simultaneous rewiring
of the network and transmission are studied theoretically and numer-
ically in a model. Assumptions on the network, HCV-incidence rate
and HCV-prevalence are compared to data on drug users from the UK.

DY 20.8 Tue 12:30 MA 001
Spatio-temporal dynamics of the cholera epidemic of
1831/1832 in Austria — ∙Michael Leitner1 and Gero Vogl2

— 1Heinz Maier-Leibnitz Zentrum (MLZ), Technische Universität
München, Lichtenbergstr. 1, 85748 Garching, Germany — 2Fakultät
für Physik, Universität Wien, Boltzmanngasse 5, 1090 Wien, Austria
Caused by large-scale troop movements in the Russian empire, cholera
reached Europe in 1830 and caused the first cholera pandemic to af-
fect the western world. Within the confined region of Weinviertel in
Lower Austria (approx. 5000 km2), first cases were registered in 1831,
while major outbreaks followed in the summer months of 1832. We
reconstructed the dynamics of the disease from the causes of death
in the clerical burial records on the temporal scale of single days and
spatial scale of single villages. We analyze the data in terms of con-
nectivity, both concerning geographical distance and bodies of flowing
water. In contrast to analyzes of recent epidemics, we hope to obtain
finer-resolution information on the dynamics due to the lower human
mobility in past times.

DY 20.9 Tue 12:45 MA 001
Containment of contagious processes on temporal networks
via adaptive edge rewiring — ∙Vitaly Belik1,2, Florian
Fiebig1, and Philipp Hövel1 — 1Institut für Theoretische Physik,
TU Berlin — 2Helmholtz-Zentrum für Infektionsforschung, Braun-
schweig
We consider a recurrent contagious process spreading on a time-varying
network topology. As a containment measure we propose an adap-
tive rewiring mechanism: after detection of the disease, to temporary
isolate infected nodes, rewiring the incoming edges away from those
nodes. As a case study we use the network of animal trade in Ger-
many. One of the main results reveals heterogeneous performance of
adaptation in respect to different index nodes (where epidemic initially
started): some index nodes lead to easily controllable epidemics and
some not. Our findings are important for designing response strategies
for infectious diseases management.

DY 20.10 Tue 13:00 MA 001
Spread of Infections on Temporal Networks — ∙Andreas Ko-
her, Lucian Willareth, Hartmut Lenz, and Igor M. Sokolov
— Humboldt University, Berlin
Social interactions can be naturally abstracted to temporal networks,
where bonds appear as long as the corresponding contacts exist. In
epidemiological studies the temporal dimension is usually projected
out however, in order to apply the standard tools from (static) net-
work analyses even though, a systematic error will be introduced
thereby. We present an intuitive algebraic formalism by contrast,
which is explicitly based on temporal networks and which allows to
calculate potential paths of an infection. By applying the idea to a
SIR (susceptible-infected-recovered) type of disease, we will present
an elegant way to find all possibly affected nodes of an outbreak. The
method can be efficiently implemented and will be demonstrated on a
recorded data set.
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DY 21: Correlated Electrons: Nonequilibrium Quantum Many-Body Systems 3 (joint session
TT/ DY)

Time: Tuesday 14:00–16:00 Location: H 3010

DY 21.1 Tue 14:00 H 3010
Real-time decay of a highly excited charge carrier in the
one-dimensional Holstein model — ∙Florian Dorfner1, Lev
Vidmar1, Christoph Brockt2, Eric Jeckelmann2, and Fabian
Heidrich-Meisner1 — 1Ludwig-Maximilians-Universität München,
Germany — 2Leibniz Universität Hannover, Germany
We study the real-time dynamics of a highly excited charge carrier cou-
pled to quantum phonons via a Holstein-type electron-phonon coupling
[1]. This is a prototypical example for the non-equilibrium dynamics
in an interacting many-body system where excess energy is transferred
from electronic to phononic degrees of freedom. We use an efficient nu-
merical method, i.e., diagonalization in a limited functional space, to
study the non-equilibrium dynamics on a finite one-dimensional chain.
We perform a comprehensive analysis of the time evolution in different
parameter regimes by calculating the electron, phonon and electron-
phonon coupling energies, and the electronic momentum distribution
function. For example, we demonstrate that in the weak coupling
regime, the relaxation dynamics obtained from the Boltzmann equa-
tion agrees very well with the numerical data. We also study the time
dependence of the eigenstates of the single-site reduced density matrix,
the so-called optimal phonon modes, unveiling that their structure in
non-equilibrium contains very useful information for the interpretation
of the numerical data. Support from the DFG through FOR 1807 is
gratefully acknowledged.

[1] Dorfner et al, arXiv:1411.5074 (2014).

DY 21.2 Tue 14:15 H 3010
Measure of equilibration in Luttinger liquids — ∙Mariya
Medvedyeva and Stefan Kehrein — Goettingen University, Goet-
tingen, Germany
We consider the properties of the Luttinger liquid in the echo proto-
col (forward evolution in time followed by the backward evolution of
slightly perturbed system) and explore the relation of the Loschmidt
echo (the overlap of the initial and final wavefunctions) and the mea-
surable properties of the system. We first study the linear Luttinger
liquid as an example of an integrable system and find that the momen-
tum distribution function exhibits almost complete recurrence while
the Loschmidt echo does not, as the diagonal basis is different during
the forward and backward time evolution. For a nonlinear Luttinger
liquid the recurrence strength of the momentum distribution function
drops as the nonlinearity of the fermion dispersion relation grows. We
conclude that there is no simple relation of the Loschmidt echo to the
behavior of the observables and that more work is needed to under-
stand how to interpret the echo in the context of experiment.

DY 21.3 Tue 14:30 H 3010
Quantum Freezing Effect in 1D SU(N) Hubbard Systems —
∙Salvatore R. Manmana, Mariya V. Medvedyeva, and Johannes
M. Oberreuter — Institut f. Theoretische Physik, Georg-August-
Universität Göttingen, D-37077 Göttingen
We investigate the time evolution of SU(N) Fermi-Hubbard systems
by releasing initially trapped particles onto an empty lattice. Using
the time-dependent DMRG and perturbative approaches, we find that
in one spatial dimension for large enough filling and values of N, repul-
sive interactions cause the dynamics to develop a very strong freezing
effect, i.e., on the time scales accessible, particle motion is essentially
suppressed. We relate this finding to the quantum distillation effect
previously reported for SU(2) Fermi-Hubbard systems and discuss its
relevance for ongoing experiments with alkaline earth atom experi-
ments on optical lattices.

DY 21.4 Tue 14:45 H 3010
Thermalization Dynamics in the Interacting Luttinger Model
after a Quantum Quench — ∙Michael Buchhold and Sebastian
Diehl — Institut für Theoretische Physik, TU Dresden, 01062 Dres-
den
Interacting Luttinger Liquids form a paradigmatic example of one-
dimensional interacting fermions with a weak integrability breaking
non-linearity. The thermalization dynamics of this model after an in-
teraction quench is studied in a Keldysh non-equilibrium framework

by means of Dyson-Schwinger equations.
After the quench, the ballistic dephasing of the phononic modes leads

to correlations corresponding to a prethermal state, well described
by a generalized Gibbs ensemble (GGE). This behavior is however
overwritten on short distances by a sub-ballistically spreading thermal
regime. While the GGE still features algebraic correlations in space
and time with a corresponding non-equilibrium exponent, the thermal
state shows the well-known exponential decay of correlations.

DY 21.5 Tue 15:00 H 3010
Spectral Properties of One-Dimensional Fermi Systems after
an Interaction Quench — ∙Christian Klöckner, Dante Marvin
Kennes, and Volker Meden — Institut für Theorie der Statistischen
Physik, RWTH Aachen University and JARA - Fundamentals of Fu-
ture Information Technology, 52056 Aachen, Germany
We show that the single-particle spectral properties of gapless one-
dimensional Fermi systems in the Luttinger liquid state reached at in-
termediate times after an abrupt quench of the two-particle interaction
are highly indicative of the unusual nonequilibrium nature of this state.
Analytical and numerical insights gained by applying bosonization are
presented. The resulting line shapes of the momentum-integrated and
-resolved spectral functions strongly differing from their ground state
as well as finite temperature equilibrium counterparts.

DY 21.6 Tue 15:15 H 3010
Inhomogeneous Quantum Quenches in the 1D Hubbard
Model — ∙Ernst von Oelsen1, Götz Seibold1, and Jörg
Bünemann2 — 1BTU Cottbus-Senftenberg — 2Philipps-Universität
Marburg
We investigate the dynamics of a many-electron system after a sudden
quench of the single-particle potential and of the interaction strength.
The calculation is based on the single-band Hubbard model and the
time-dependent Gutzwiller theory. Our study is focussed on finite-size
systems with lattice-site dependent on-site potentials and interaction
strengths.

We compute the time-evolution of the electrons’ density matrix and
of the electrons double occupancy by fully integrating the equations
of motion. Thus, our approach is not limited to small amplitudes but
allows for a detailed study of the dependence of the electrons’ excita-
tion energies on both the interaction strength and the strength of the
quench. Our results are compared to those from exact diagonalization
techniques, from the small-amplitude limit and from a Hartree–Fock
calculation.

DY 21.7 Tue 15:30 H 3010
Thermalization rates in a 1d Fermi-Hubbard model with
slightly broken integrability for various fillings — ∙Fabian
Biebl and Stefan Kehrein — Institut für Theoretische Physik,
Georg-August-Universität Göttingen, D-37077 Göttingen, Germany
Understanding relaxation in quantum systems is essential to determine
whether an experimental setup can be described by equilibrium con-
cepts. For example integrable systems do not thermalize, but develop
into non-thermal steady states. By slightly breaking integrability, ther-
malization of such non-thermal (prethermalized) states becomes possi-
ble. An important question is to identify the corresponding timescale
for thermalization due to the breaking of integrability.

We investigate this question for a fermionic Hubbard chain in the
thermodynamic limit. The integrability breaking term is a small next
to nearest neighbor hopping term [1,2]. The thermalization timescale is
extracted from the quantum Boltzmann equation and depends strongly
on temperature, especially when one goes away from half filling. The
dependence on filling is connected to Umklapp-processes and we study
this dependence systematically.

[1] M. L. R. Fuerst et al., Phys. Rev. E 86, 031122 (2012).
[2] M. L. R. Fuerst et al., Phys. Rev. E 88, 012108 (2013).

DY 21.8 Tue 15:45 H 3010
Time evolution of the ohmic spin boson model at finite bias
in the weak coupling limit — ∙Carsten Lindner and Herbert
Schoeller — Institut für Theorie der Statistischen Physik, RWTH
Aachen
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The spin boson model is a prominent model which describes dissipa-
tion in a quantum mechanical two-state system caused by an energy
exchange with the environment. Proposed for applications in various
fields of condensed matter physics, it has been discussed widely for
more than twenty years. However, a full systematic analysis of the
weak coupling regime has not been done for a long time. Recently, the
time evolution of the ohmic spin boson model at zero bias has been in-
vestigated in the case of weak coupling where the interaction with the
environment can be regarded as a small perturbation [1]. Therefore, a
non-equilibrium renormalization group (RG) method, which has come

to be known as the real-time RG (RTRG), has been employed to de-
termine its time evolution. The choosen approach allows to obtain the
time evolution in a controlled way which means that the renormal-
ized coupling parameters stay small for arbitrarily long times. Beside
predicting the dominant exponential time evolution, this method also
enables us to address the time scaling behavior of the pre-exponential
functions precisely. Based on this insight, we have investigated the
ohmic spin boson model at finite bias accordingly, leading to new re-
sults on all time scales.
[1] O. Kashuba and H. Schoeller, Phys. Rev. B 87, 201402(R) (2013)

DY 22: Evolutionary Game Theory II (joint session SOE/ BP/ DY)

Time: Tuesday 14:00–16:15 Location: MA 001

DY 22.1 Tue 14:00 MA 001
Frequency-Dependent Selection at Rough Expanding Fronts
— ∙Jan-Timm Kuhr and Holger Stark — Institut für Theoretische
Physik, Technische Universität Berlin
Microbial colonies are a formidable model system to study longstand-
ing questions of population dynamics, ecology, and evolutionary dy-
namics. Growth on surfaces naturally allows to observe range ex-
pansions, where microbes colonize new territory. The small number
of reproducing individuals introduces strong demoscopic fluctuations,
which interact with mutation and selection at the front.

We use generalized Eden models to explore statistical properties of
multi-species range expansions, where the front’s geometry and evo-
lutionary dynamics couple to each other. In earlier work we found
that irreversible mutations entail a new type of non-equilibrium phase
transition accompanied by enhanced surface roughening [1].

If reproduction rates depend on local species composition, we dis-
tinguish a variety of patterns. Focusing on social dilemmas, we obtain
new exponents for both kinetic roughening and the transition between
global defection vs. global cooperation. This is also reflected in the dy-
namics of single species domains which at large times show enhanced
fluctuation statistics.
[1] J.-T. Kuhr, M. Leisner, and E. Frey, New J. Phys. 13, 113013
(2011).

DY 22.2 Tue 14:15 MA 001
Evolutionary Fitness in Variable Environments — ∙Anna Mel-
binger and Massimo Vergassola — University of California San
Diego
One essential ingredient of evolutionary theory is the concept of fitness
as a measure for a species’ success in its living conditions. Here, we
quantify the effect of environmental fluctuations onto fitness by ana-
lytical calculations on a general evolutionary model and by studying
corresponding individual-based microscopic models. We demonstrate
that not only larger growth rates and viabilities, but also reduced sen-
sitivity to environmental variability substantially increases the fitness.
Even for neutral evolution, variability in the growth rates plays the
crucial role of strongly reducing the expected fixation times. Thereby,
environmental fluctuations constitute a mechanism to account for the
effective population sizes inferred from genetic data that often are
much smaller than expected.

DY 22.3 Tue 14:30 MA 001
Non-selective evolution of growing populations — ∙Karl
Wienand1, Matthias Lechner1, Felix Becker2, Heinrich Jung2,
and Erwin Frey1 — 1Arnold Sommerfeld Center for Theoreti-
cal Physics, Ludwig-Maximilians Universität, Munich, Germany —
2Biozentrum, Ludwig-Maximilians Universität, Munich, Germany
Evolution results from the interplay between directed selection and
non-selective effects. Most theoretical analyses of non-selective evolu-
tion rely on constant population sizes and result in some trait taking
over the entire population. However, bacterial populations both in
nature and in the laboratory are often observed during their exponen-
tial growth. In this work we show that, during growth, populations
"freeze" to a random steady state composition. To show this, we em-
ployed theoretical models based on Pólya urns and performed experi-
ments on two Pseudomonas putida strains in non-selective conditions.
We found excellent agreement between experiments and theory. We
were also able to elucidate the importance of initial conditions on the
steady state distribution on population compositions. In particular,

the initial size of the populations can tune the relative importance of
initial assortment and growth as noise sources for the final distribution.

DY 22.4 Tue 14:45 MA 001
Counterintuitive findings for evolution on networks — ∙Laura
Hindersin and Arne Traulsen — Max Planck Institute for Evolu-
tionary Biology, Plön, Germany
How does spatial population structure affect the fixation time of a
novel mutation?

In the framework of evolutionary graph theory, individuals inhabit
the nodes of a network. We study the Moran birth-death process,
where reproduction happens with probability proportional to fitness.
The links of a node determine which other individuals can be replaced
by the offspring of that individual.

Intuitively, one might assume that adding a link to a given net-
work would always decrease fixation time. However, a simple counter-
example disproves this intuition. We show analytically for small net-
works, that adding a link can increase the fixation time. Simulating
the stochastic process on larger lattices, we find a similar result. By
adding links to a 2D-lattice without boundary conditions, the fixation
time can increase as well. This shows the validity of our counterintu-
itive result even for larger populations.
[1] Hindersin L, Traulsen A. 2014 Counterintuitive properties of the
fixation time in network-structured populations. J. R. Soc. Interface
11: 20140606. http://dx.doi.org/10.1098/rsif.2014.0606

DY 22.5 Tue 15:00 MA 001
The Cost and Dynamics of Competence in Bacillus subtilis
— ∙Jeffrey Power, Melih Yüksel, and Berenike Maier — Uni-
versität zu Köln, Cologne, Germany
When bacterial cells deplete all of the nutrients in their environment,
they can enter a stationary growth phase. In Bacillus subtilis, the
stationary phase is of particular interest as a fraction of a culture in
the stationary phase will stochastically switch into a competent state,
where cells can take up extracellular DNA. Competence presents the
opportunity for the acquisition and implementation of new genes, but
at the cost of a reduced growth rate.

To better understand the advantage of stochastic switching, station-
ary phase competition assays were carried out competing strains with
various fractions of competent cells against the wild type. Flow cy-
tometry was used to monitor changes in the mixed populations over
time, and fitness advantages were quantified by means of selection
coefficients. We found selection coefficients of s = 0.04(1) for the non-
competent comK strain and s = -0.07(1) for the hypercompetent rok
strain, indicating that competence development has a large cost.

This work is a fundamental start to better understanding the dynam-
ics of the stationary phase and the evolutionary advantage of stochas-
tically switching a population subset into a competent state.

DY 22.6 Tue 15:15 MA 001
A Two-Player Game with Linear State-Dependent Payoff
Function — ∙Tim Herrmann1, Mark Kirstein2, and Katharina
Fischer3 — 1TU Dresden — 2TU Dresden, Chair of Managerial Eco-
nomics — 3TU Dresden, Institut für mathematische Stochastik
In classic game theory all elements of a game (set of players, set of
strategies, payoff function) are static. In contrary, real-world strate-
gic interactions are often characterized by changes of at least one of
the three elements of a game over time. In our model a game with
state-dependent payoff functions is analysed. The payoff function of
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the (𝑛+ 1)-st round depends linearly on the payoff of the 𝑛-th round.
Thereby the structure of the game can change, e.g. from prisoner’s
dilemma structure to a structure, where individual rationality coin-
cides with collective rationality. Therefore, the concepts of short-term
and long-term rationality are defined. It is shown for our game with
a state-dependent payoff function, that the following criteria of long-
term rationality are equivalent (besides a few special cases): Pareto
optimality, collective rationality and the Nash equilibrium in recursive
dominant strategies. For symmetric payoff functions these three cri-
teria of (individual and collective) long-term rationality are addition-
ally equivalent to the collective short-term rationality. The concept
of ESS is refined to absolute ESS (ESSA) and relative ESS (ESSR).
It is shown that ESSA-tuples are equivalent to the above mentioned
criteria for symmetric payoff functions and long-term rationality.

DY 22.7 Tue 15:30 MA 001
Evolutionary Coalitional Games — ∙Tadeusz Płatkowski —
Faculty of Mathematics, Informatics, and Mechanics \\ University of
Warsaw, Warsaw, Poland
We introduce the concept of evolutionary coalitional games played in
a large population. The members of the population play a strategy
chosen from a finite set, and interact in randomly formed coalitions.
The interactions are described by a multiplayer strategic game. Each
coalition generates a total utility, identified with the value of the coali-
tion, and equal to the sum of the payoffs of its all members from the
multiplayer game. The total utility is distributed among the coalition
members, proportionally to their Shapley values. Evolution of the
whole population is governed by the replicator equations. Polymor-
phic stationary states of the population are studied for various types
of the multiplayer social dilemma games. It is argued that application
of coalitional game theory solution concepts to social dilemma models
of evolutionary game theory can foster cooperation in the long run.

DY 22.8 Tue 15:45 MA 001
Evolutionary games of condensates in coupled birth-death
processes — ∙Johannes Knebel, Markus F. Weber, Tor-
ben Krüger, and Erwin Frey — Ludwig-Maximilians-Universität,
München, Deutschland
Condensation phenomena occur in many systems, both in classical and
quantum mechanical contexts. Typically, the entities that constitute
a system collectively concentrate in one or multiple states during con-
densation. For example, particular strategies are selected in zero-sum
games, which are generalizations of the children’s game Rock-Paper-

Scissors. These winning strategies can be identified with condensates.
In our work, we apply the theory of evolutionary zero-sum games to

explain condensation in bosonic systems when quantum coherence is
negligible. Only recently has it been shown that a driven-dissipative
gas of bosons may condense not only into a single, but also into multiple
non-degenerate states. This phenomenon may occur when a system of
non-interacting bosons is weakly coupled to a reservoir and is driven by
an external time-periodic force (Floquet system). On a mathematical
level, this condensation is described by the same coupled birth-death
processes that govern the dynamics of evolutionary zero-sum games.
We illuminate the physical principles underlying the condensation and
find that the vanishing of relative entropy production determines the
condensates. Condensation proceeds exponentially fast, but the sys-
tem of condensates never comes to rest: The occupation numbers of
condensates oscillate, which we demonstrate for a Rock-Paper-Scissors
game of condensates.

DY 22.9 Tue 16:00 MA 001
Length selection and replication in a thermal flow chamber —
∙Simon A. Lanzmich1, Lorenz M. R. Keil1, Moritz Kreysing2,
and Dieter Braun1 — 1Systems Biophysics, LMU Munich, Germany
— 2MPI of Molecular Cell Biology and Genetics, Dresden, Germany
The replication of long nucleic acids is central to life. On the early
Earth, suitable non-equilibrium boundary conditions were required to
surmount the effects of thermodynamic equilibrium such as dilution
and degradation of oligonucleotides. One particularly intractable ex-
perimental finding is that short genetic polymers replicate faster and
outcompete longer ones, leading to ever shorter sequences and the loss
of genetic information. We show in theory and experiment that heat
flux across an open chamber in submerged rock concentrates repli-
cating oligonucleotides from a constant feeding flow and selects for
longer strands. The thermal gradient triggers a complex interplay of
molecular thermophoresis, external flow and laminar convection, where
the latter drives strand separation and exponential replication. The
measurements are understood quantitatively based on the calculation
of stochastic trajectories inside the chamber using a two-dimensional
random walk model. This allowed to derive lifetimes and thermal os-
cillation frequencies of the nucleic acids. In an intermediate range of
external velocities, the superposition of flow fields retains strands of
75 bases, while strands half as long die out, inverting above dilemma
of the survival of the shortest. The combined feeding, thermal cycling
and positive length selection opens the door for stable molecular evo-
lution in the long-term micro-habitat of asymmetrically heated porous
rock.

DY 23: Reaction-Diffusion Systems

Time: Tuesday 14:30–16:15 Location: BH-N 243

DY 23.1 Tue 14:30 BH-N 243
Front and Turing patterns induced by Mexican-hat-like non-
local feedback. — ∙Julien Siebert and Eckehard Schöll —
Technische Universität, Berlin, Deutschland
We consider the effects of a Mexican-hat-shaped nonlocal spatial cou-
pling, i.e., symmetric long-range inhibition superimposed with short-
range excitation, upon front propagation in a model of a bistable
reaction-diffusion system. We show that the velocity of front propaga-
tion can be controlled up to a certain coupling strength beyond which
spatially periodic patterns, such as Turing patterns or coexistence of
spatially homogeneous solutions and Turing patterns, may be induced.
This behaviour is investigated through a linear stability analysis of the
spatially homogeneous steady states and numerical investigations of
the full nonlinear equations in dependence upon the nonlocal coupling
strength and the ratio of the excitatory and inhibitory coupling ranges.

DY 23.2 Tue 14:45 BH-N 243
Front propagation in channels with spatially modulated cross-
section — ∙Steffen Martens, Jakob Löber, and Harald Engel
— Technische Universität Berlin, Berlin, Germany
The problem of front propagation in a three-dimensional channel with
spatially varying cross-section is reduced to an equivalent reaction-
diffusion-advection equation with boundary-induced advection term
[S. Martens et al.,PRE, in press; arXiv:1406.7516]. Treating the ad-
vection term as a weak perturbation, an equation of motion for the

front position is derived. We analyze channels whose cross-sections
vary periodically with 𝐿 along the propagation direction of the front.
Taking the Schlögl model as representative example, we calculate ana-
lytically the nonlinear dependence of the front velocity on the ratio 𝐿/𝑙
where 𝑙 denotes the intrinsic front width. Our analytical results agree
well with the results obtained by numerical simulations. In particu-
lar, the peculiarity of boundary-induced propagation failure for a finite
range of 𝐿/𝑙 values is predicted by analytical calculations. Lastly, we
demonstrate that the front velocity is determined by the suppressed
diffusivity of the reactants for 𝐿≪ 𝑙.

DY 23.3 Tue 15:00 BH-N 243
Kinetics of a chemical clock reaction in a microflow — ∙Robert
Raimund Niedl1, Alexander Anielski1, Igal Berenstein2, and
Carsten Beta1 — 1Biological Physics, Universität Potsdam, Ger-
many — 2Nonlinear Physical Chemistry Unit,Université libre de Brux-
elles, Brussels
We study the dynamics of the autocatalytic iodate-arsenite reaction in
PDMS-based microfluidic devices under continuous flow conditions. If
a critical amount of initializer is present, a color reaction is triggered
by a nonlinear autocatalytic process. We investigate the kinetics of
the clock depending on the various input concentrations and in differ-
ent channel geometries. We could show that due to delayed mixing in
the microchannel, higher local initiator concentrations occur, so that
the reaction runs up to seven times faster, than in a macroscopic well-
mixed volume.
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DY 23.4 Tue 15:15 BH-N 243
Three-Dimensional Autonomous Pacemaker in Excitable Me-
dia — ∙Arash Azhand, Jan F. Totz, and Harald Engel — In-
stitut für Theoretische Physik, Technische Universität Berlin, Harden-
bergstraße 36, 10623 Berlin, Germany
In experiments with the photosensitive Belousov-Zhabotinsky reaction
(PBZR) we found a stable three-dimensional organizing center that
periodically emits trigger waves of chemical concentration. Our exper-
iments are performed in a parameter regime with negative line tension
using an open gel reactor to maintain stationary non-equilibrium con-
ditions. The observed periodic wave source is formed by a scroll ring
stabilized due to its interaction with a no-flux boundary.

Sufficiently far from the boundary, the scroll ring expands and un-
dergoes the negative line tension instability before it finally develops
into scroll wave turbulence. Our experimental results are reproduced
by numerical integration of the modified Oregonator model for the
PBZR. In the numerical simulations besides stationary also breathing
self-organized pacemakers have been found where both the radius of
the scroll ring and the distance of its filament plane to the no-flux
boundary undergo stable limit cycle oscillations.

[1] Y. Kuramoto, Chemical Oscillations, Waves, and Turbulence
(Dover Publications, 2003)

[2] M. Stich, I. Ipsen, and A.S. Mikhailov, Phys. Rev. Lett. 86,
4406 (2001)

[2] A. Azhand, J. F. Totz, and H. Engel, EPL 108, 10004 (2014)

DY 23.5 Tue 15:30 BH-N 243
Critical coupling and bifurcations in two-dimensional oscilla-
tor arrays undergoing the Belousov-Zhabotinsky reaction —
∙Claudia Lenk and J. Michael Köhler — Institut für Chemie und
Biotechnologie, TU Ilmenau, Ilmenau, Deutschland
Spatio-temporal dynamics of many biological and chemical systems
depend on coupling of individual oscillators e.g. catalyst particles, the
heart cells during atrial fibrillation or neuronal networks. In these sys-
tems, irregular patterns and bifurcations of frequency are most often
observed in regions of critical coupling strength. To elucidate the in-
fluence of local coupling of individual oscillators we perform on one
hand experiments of the Ferroin-catalyzed Belousov-Zhabotinsky re-
action in silica gels and on the other hand numerical calculations of
the FitzHugh-Nagumo (FHN) model, both with a catalyst distribution
in form of a micro spot pattern. We observe transitions to multiple
period oscillations and amplitude oscillations in dependence of spot
distance and size. Furthermore, these transitions can also be observed
due to gradients of the spot distance for parameter ranges, which oth-
erwise do not show these bifurcations. The identifiation of bifurcation
parameters is done in the numerical simulations. Experimental results

confirm the numerical analysis.

DY 23.6 Tue 15:45 BH-N 243
Electrodissolution of silicon: Self-organized patterns in space
and time — ∙Konrad Schönleber, Lennart Schmidt, and
Katharina Krischer — TU München, Deutschland
The oscillatory electrodissolution of silicon in fluoride containing elec-
trolytes has been studied for decades. Still many basic aspects con-
cerning this system remain unknown, most prominently the mechanism
giving rise to the oscillations.

In the present work, some key features of this oscillatory mechanism
will be presented. It will be secifically shown that the system seems
to have a built-in memory of its current state even when perturbed
drastically.

For n-doped silicon, pattern formation is observed under limited
illumination. Remarkably, these patterns often consist of different dy-
namical states coexisting on the electrode, the most striking example
of which are the so-called ’chimera states’. The pattern formation can
be well understood in theory, when treating the silicon as an oscillatory
medium close to the onset of oscillations. A comparison of theoretical
simulations and experiments will be given.

DY 23.7 Tue 16:00 BH-N 243
Enhancement of dimerization in a 1D-out-of-equilibrium sys-
tem — ∙Philipp Seifert1,2, Patrick Hillenbrand2, Vladimir
Palyulin2, and Ulrich Gerland2 — 1Ludwig-Maximilians-
Universität München, 80799 Munich, Germany — 2Theory of Complex
Biosystems, Physik-Department, Technische Universität München,
James-Franck-Strasse 1, D-85748 Garching, Germany
Mutual enhancement of polymerization and accumulation was recently
found to be essential for spontaneous synthesis of long polynucleotides
from nucleotide monomers, which is perceived as a substantial step
in the emergence of early life [1]. The major driving force behind
this effect is a thermally induced drift, which increases the concentra-
tion of monomer units in a certain volume and hence enhances the
subsequent polymerization. Here we study a simple model of a drift-
diffusion system coupled with a reversible dimerization process. We
introduce a measure of the global chemical balance, which character-
izes the enhancement of dimerization relative to a homogenous system.
Numerical and analytical results show a nontrivial dependence of this
enhancement on the physical properties of the system. Specifically,
we find that the ratio of timescales between physical and chemical
processes critically influences the steady state properties.

[1] Mast, C. B., Schink, S., Gerland, U., and Braun, D. (2013). Proc.
Natl. Acad. Sci. USA, 110, 8030-8035.

DY 24: Quantum Chaos (joint session DY/ TT)

Time: Tuesday 14:30–16:00 Location: BH-N 334

DY 24.1 Tue 14:30 BH-N 334
Regular phase-space structures and bifurcations in generic
4d symplectic maps — ∙Franziska Onken1, Steffen Lange1,
Arnd Bäcker1,2, and Roland Ketzmerick1,2 — 1TU Dresden, In-
stitut für Theoretische Physik, Dresden — 2MPI für Physik komplexer
Systeme, Dresden
The dynamics of Hamiltonian systems (e.g., planetary motion, electron
dynamics in nano-structures, molecular dynamics) can be investigated
by symplectic maps. While a lot of work has been done for 2d maps,
much less is known for higher dimensions.

For a generic 4d map regular 2d-tori are organized around a skele-
ton of families of elliptic 1d-tori [1], which can be visualized by 3d
phase-space slices [2]. We present an analysis of the different bifurca-
tions of the families of 1d-tori in phase space and in frequency space
by computing the involved hyperbolic and elliptic 1d-tori. Applying
known results of normal form analysis, both the local and the global
structure can be understood: Close to a bifurcation of a 1d-torus, the
phase-space structures are surprisingly similar to bifurcations of peri-
odic orbits in 2d maps. Far away the phase-space structures can be
explained by remnants of broken resonant 2d-tori.

[1] S. Lange, M. Richter, F. Onken, A. Bäcker and R. Ketzmerick,
Global structure of regular tori in a generic 4D symplectic map, Chaos
24, 024409 (2014)

[2] M. Richter, S. Lange, A. Bäcker, and R. Ketzmerick, Visual-
ization and comparison of classical structures and quantum states of
four-dimensional maps, Phys. Rev. E 89, 022902 (2014)

DY 24.2 Tue 14:45 BH-N 334
How to deform a dielectric microcavity to get a given emis-
sion directionality — ∙Marcus Kraft and Jan Wiersig — Otto-
von-Guericke-Universität Magdeburg, 39016 Magdeburg
An important characteristic of dielectric microcavities is the far field
emission pattern. Here, we present a method to find an optimized de-
formation of the boundary of a microcavity to get a predetermined far
field pattern. We write the symmetric deformation of the boundary
in a Fourier series and put this ansatz into a perturbation theory for
weakly deformed microcavities. By minimizing the difference between
the resulted and desired far field pattern we develop a system of lin-
ear equations for the Fourier coefficients of the deformed boundary. A
comparison to full numerical calculations is also presented.

DY 24.3 Tue 15:00 BH-N 334
Quantum Ergodicity in Open Chaotic Systems? —
∙Konstantin Clauß1, Martin Körber1, Arnd Bäcker1,2, and
Roland Ketzmerick1,2 — 1TU Dresden, Institut für Theoretische
Physik, Dresden — 2MPI für Physik komplexer Systeme, Dresden
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In open quantum systems a fundamental question concerns the phase-
space localization of resonance states. For a fully chaotic phase space
the resonance states are supported on a fractal set of classically trapped
orbits. We investigate the possibility of quantum ergodicity, i.e. semi-
classical equidistribution with respect to suitable classical densities on
this fractal set. We explain why these classical densities have to be
chosen according to the quantum decay rate.

DY 24.4 Tue 15:15 BH-N 334
Frobenius-Perron operator for asymmetric backscattering in
deformed microdisk cavities — ∙Julius Kullig and Jan Wiersig
— Institut für Theoretische Physik, Universität Magdeburg, Germany
Due to radiation and absorption optical microcavities cannot be de-
scribed by hermitian but non-hermitian Hamiltonians of open quantum
systems. This leads in general to non-orthogonal quasibound states.
In case of asymmetric optical cavities this is related to an imbalance
between clockwise (CW) and counter-clockwise (CCW) propagating
waves which manifests in a finite chirality of quasibound states [1, 2,
3, 4]. This has applications e.g. in optical sensors [5], where so-called
exceptional points in parameter space can be used to enhance sensi-
tivity [6].

We study the backscattering process between CW and CCW waves
from pure classical ray dynamics. To this end we construct a finite
approximation of Frobenius-Perron operator ℱ to describe the time
evolution of phase-space densities. The eigenstates of ℱ show interest-
ing analogues to quasibound states, including non-orthogonality and
chirality. Our method is demonstrated for a spiral geometry and the
asymmetric Limaçon.

[1] J. Wiersig, S. W. Kim and M. Hentschel PRA 78, 053809 (2008);
[2] J. Wiersig, A. Eberspächer, J.-B. Shim, J.-W. Ryu, S. Shinohara,
M. Hentschel and H. Schomerus PRA 84, 023845 (2011); [3] J. Wiersig
PRA 84, 063828 (2011); [4] J. Wiersig PRA 89, 012119 (2014); [5] F.
Vollmer, L. Yang, Nanophotonics 1, 267 (2012); [6] J. Wiersig PRL

112, 203901 (2014)

DY 24.5 Tue 15:30 BH-N 334
Ray-path reversal and Loschmidt echo for light beams — ∙Pia
Stockschläder and Martina Hentschel — Technische Universität
Ilmenau, Institut für Physik, Ilmenau, Germany
A fundamental feature in classical geometrical optics is the reversibility
of the light path. In reality, however, all light beams have finite width
in contrast to the geometrical rays. This leads to corrections to ray
optics – beam shift effects known as Goos-Hänchen shift and Fresnel
filtering – which break ray-path reversibility. Here, we investigate in
detail the influence of these corrections on the reversal of the optical
path for a light beam reflected at a dielectric interface. As a measure
of how much the reversed light path differs from the original one, we
define and calculate a Loschmidt echo-like quantity in this context. As
a possible technical application, we discuss the potential utilization of
broken ray-path reversibility in optical sensors.

DY 24.6 Tue 15:45 BH-N 334
Quantum-classical correspondence in electronic transport
through quantum point contacts — ∙Kazuhiro Kubo and Mar-
tina Hentschel — Technische Universität Ilmenau, Institut für
Physik, Ilmenau, Germany
We investigate the propagation of electrons starting from a quantum
point contact like source in a random potential. We present the density
of classical trajectories which clearly shows the well-known branching
pattern near the source and its gradual disappearance at larger dis-
tances. We calculate the semiclassical Green’s function for each tra-
jectory, and discuss how its amplitude is related to both the branch-
ing features and the conjugate points (caustics) along the trajectory.
Furthermore, we complement these discussions by including quantum
mechanical results.

DY 25: Nonlinear Stochastic Systems

Time: Tuesday 15:00–16:15 Location: BH-N 128

DY 25.1 Tue 15:00 BH-N 128
Stability induced by PT-symmetry breaking in stochastic os-
cillators — ∙Mirko Lukovic1, Patrick Navez2, Theo Geisel1,3,
and Giorgos Tsironis2,4 — 1Max Planck Institute for Dynam-
ics and Self-Organization, Goettingen, Germany — 2Crete Center
for Quantum Complexity and Nanotechnology, Heraklion, Greece —
3Institute for Nonlinear Dynamics, University of Goettingen, Germany
— 4Department of Physics, University of Crete, Heraklion, Greece
We investigate the effects of dichotomous noise added to the harmonic
oscillator in the form of stochastic time-dependent gain and loss phases,
whose durations are sampled from two distinct exponential waiting
time distributions. We show that this oscillator system is unstable in
the special (symmetric) case where the two waiting time distributions
are identical and that it stabilizes only after introducing a significant
amount of asymmetry (bias), consisting of much longer periods of loss
rather than gain. This concept could be applied in the stabilization of
light propagation in metamaterials (optical fibres) with random regions
of asymmetric active and passive media.

DY 25.2 Tue 15:15 BH-N 128
Noise-controlled bistability in an excitable system with posi-
tive feedback — ∙Justus Alfred Kromer1, Reynaldo Daniel
Pinto2, Benjamin Lindner1,3, and Lutz Schimansky-Geier1,3

— 1Department of Physics, Humboldt-Universität zu Berlin - New-
tonstr. 15, 12489 Berlin, Germany — 2Laboratório de Neurod-
inâmica/Neurobiofísica, Universidade de São Paulo - São Carlos, SP,
Brazil — 3Bernstein Center for Computational Neuroscience - Berlin,
Germany
We study the interplay between noise and a positive feedback mecha-
nism in an excitable system that generates events. We show that such
a system can exhibit a bistability in the dynamics of the event gener-
ation (states of low and high activity). The stability of the two states
is determined by the strength of the noise such that a change of noise
intensity permits complete control over the probabilities with which
the two states are occupied. The bistability also has strong implica-
tions for the regularity of the event generation. While the irregularity

of the interevent interval (short-time variability) and the asymptotic
Fano factor of the event count (long-time variability) are limited if the
system is only in one of the two states, we show that both measures
of variability display giant values if both states are equally likely. The
long-time variability is additionally amplified by long-range positive
correlations of the interevent intervals.

DY 25.3 Tue 15:30 BH-N 128
Simulating stochastic differential equations using truncated
Markov chains — ∙Rüdiger Kürsten and Ulrich Behn — In-
stitut für Theoretische Physik, Universität Leipzig, Brüderstr. 16 D-
04103 Leipzig
Markov chains with detailed balance are widely used to sample high-
dimensional distributions, a prominent example is the Monte Carlo
simulation. To sample critical phenomena or rare events with high
precision modified techniques such as, for example, the multicanonical
method are successfully applied. The methods use more or less tac-
itly a truncated Markov chain where transition probabilities between
certain regions of state space are manipulated. Solution trajectories
of stochastic differential equations (SDE) can be sampled naively for
instance by an Euler-Mayurama scheme. Here we develop an effi-
cient simulation technique for SDEs that is based on a variant of the
truncated Markov chain. An extension for systems without detailed
balance is proposed.

DY 25.4 Tue 15:45 BH-N 128
One single turbine to estimate fatigue within a wind farm —
∙Pedro Lind, Ivan Herraez Hernandez, Matthias Wächter, and
Joachim Peinke — ForWind, Institute of Physics, Carl von Ossietzky
University, 26111 Oldenburg, Germany
We propose a procedure to estimate the fatigue loads on wind tur-
bines, based on a recent framework used for reconstructing data series
of stochastic properties measured at wind turbines. Through a stan-
dard fatigue analysis, we show that it is possible to accurately estimate
fatigue loads in any wind turbine within one wind farm, using only the
load measurements at one single turbine and the set of wind speed
measurements. Our framework consists of deriving a stochastic differ-
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ential equation that describes the evolution of the torque at one wind
turbine driven by the wind speed. The stochastic equation is derived
directly from the measurements and is afterwards used for predicting
the fatigue loads at neighboring turbines. Such a framework could
be used to mitigate the financial efforts usually necessary for placing
measurement devices in all wind turbines within one wind farm.

DY 25.5 Tue 16:00 BH-N 128
1/f noise from the scaling and the nonlinear transformations
of the variables — ∙Bronislovas Kaulakys, Miglius Alaburda,
and Julius Ruseckas — Institute of Theoretical Physics and Astron-
omy, Vilnius University, A. Gostauto 12, LT-01108 Vilnius, Lithuania
Modeling of the low-frequency noise 1/𝑓𝛽 observable in different sys-

tems, from physics to financial markets, still remains a challenge. Dif-
ferent models and theories have been proposed for explanation of this
phenomenon. Recently, the stochastic model of 1/𝑓𝛽 noise, based on
the nonlinear stochastic differential equations has been proposed and
analyzed [1]. Here we employ the self-similarity property of the non-
linear transformation of the nonlinear stochastic differential equations
[2]. We show that processes with 1/𝑓𝛽 spectrum may yield from the
nonlinear transformation of the variable of the widespread processes,
e.g., from the Brownian motion, Bessel or similar familiar processes.
Analytical and numerical investigations of such techniques for model-
ing processes with 1/𝑓𝛽 fluctuations will be presented.

[1] J. Ruseckas and B. Kaulakys, Phys. Rev. E 81, 031105 (2010).
[2] J. Ruseckas and B. Kaulakys, J. Stat. Mech. P06005 (2014).

DY 26: Focus Session: Percolation and turbulent transition
(Organizers Björn Hof and Marc Avila)

Time: Wednesday 9:30–12:30 Location: BH-N 243

Invited Talk DY 26.1 Wed 9:30 BH-N 243
Elusiveness of experimental evidence for directed percola-
tion critical behavior — ∙Hugues Chaté — CEA-Saclay, Service
de Physique de l’Etat Condensé, CNRS UMR 3680, Gif-sur-Yvette,
France
The directed percolation universality class contains all generic contin-
uous phase transitions into an absorbing state. It should in principle
be observed in situations where an ‘active’ state is in an effectively-
stochastic local competition with an ‘absorbing’ state from which no
fluctuation allows to escape.

Such situations a priori abound: fires, epidemics, various invasion
and front propagation processes, etc. In 1986, Pomeau even made
the bold claim that the statistical, large-scale, properties of subcritical
transitions to turbulence in shear flows, such as the plane Couette flow,
should fall into the directed percolation class.

Hundreds of models have been shown to exhibit the universal critical
behavior of directed percolation, which is also well understood at the
field-theoretical level. Yet, comprehensive, unambiguous experimental
evidence for it remains scarce.

In this talk, I will present this situation in more detail and discuss
the reasons why experimental evidence for directed percolation scaling
remains so elusive. I will describe the only fully-convincing case found
by Takeuchi et al. in 2007. I will conclude with a cautious but opti-
mistic viewpoint for the case of shear flows: almost thirty years after
Pomeau’s conjecture, we may finally be near obtaining confirmation
that his seminal insight was well-founded.

Invited Talk DY 26.2 Wed 10:00 BH-N 243
Spatio-temporal dynamics in pipe flow and boundary layers
— ∙Bruno Eckhardt — Philipps-Universität Marburg
The transition to turbulence comes in two varieties: in one case, the
laminar profile becomes linearly unstable, and a subsequent cascade
of instabilities results in the spatially and temporally fluctuating tur-
bulent state. A fluid heated from below (Rayleigh-Benard problem)
is the paradigmatic example for this situation. In other cases, turbu-
lence sets in even though the laminar profile remains linearly stable.
This ‘bypass transition’ is typically observed in pipe flow, boundary
layers and other shear flows. The turbulence is spatially heterogeneous
and temporally transient, with the linearly stable laminar state as an
absorbing state. Considerable numerical and experimental data sup-
port a model for the bypass transition that builds on localized exact
coherent structures and their homoclinic and heteroclinic connections,
the spatio-temporal dynamics of excitable media, and the statistical
mechanics of directed percolation.

DY 26.3 Wed 10:30 BH-N 243
Transition to sustained turbulence in pipe flow: a second or-
der phase transition? — ∙Vasudevan Mukund and Björn Hof —
Institute of Science and Technology Austria, Klosterneuburg, Austria
In a recent study, the critical point for sustained turbulence in a pipe
was estimated to be Re ≈ 2040, by balancing the times scales for tur-
bulence growth and decay processes. This work brought into focus the
spatio-temporal aspects of the transition and suggested the possibility
that the transition is a second order non-equilibrium phase transition.

The present contribution aims to experimentally characterize the tran-
sition to sustained turbulence in pipe flow in greater detail and explore
the analogy to a phase transition. However, the long time scales near
the critical point (≈ 107 advective time units) pose a challenge in real-
izing this. We circumvent this problem by constructing a set-up with
a quasi-periodic pipe, that exploits the memoryless nature of the tur-
bulence spreading and decay processes in the vicinity of the critical
point. In conjunction with an accurate control of the Reynolds num-
ber, it is then possible to monitor the spatio-temporal dynamics for
arbitrarily long times, and obtain quantities such as the equilibrium
turbulent fraction. We present evidence to support the idea that the
transition to sustained turbulence in pipe flow is a phase transition
of second order and provide first estimates of some of the associated
critical exponents.

DY 26.4 Wed 10:45 BH-N 243
Critical exponents for the onset of turbulence in Couette flow
— Liang Shi and ∙Björn Hof — IST Austria, Klosterneuburg, Aus-
tria
At onset turbulence appears in localized patches surrounded by lami-
nar flow. While individual spots eventually decay, they can also seed
new ones in their neighbourhood. As the Reynolds number is increased
turbulence becomes sustained once the rate of spot generation out-
weighs the decay rate of spots. In direct numerical simulations of
Couette flow we determine the resulting turbulent fractions and size
distributions close to this critical point. The exponents describing the
scaling of the turbulent fraction, as well as those for correlation length
and correlation times at critical are in excellent agreement with di-
rected percolation.

15 min. break

DY 26.5 Wed 11:15 BH-N 243
About discontinuous laminar-turbulent transitions in planar
shear flows — ∙Yohann Duguet — LIMSI-CNRS, Université Paris-
Sud, Orsay, France
The suggestion that transitional shear flows with a stable laminar state
could be described as stochastic contact processes was formulated al-
most three decades ago. Recent progresses in pipe flow experiments
and simulations have allowed for firmer claims about the universality
class to which it belongs, with an emphasis on the university class of
directed percolation. In this flow we would like to discuss two planar
flows also featuring competition between laminar and turbulent phases,
by analysing the mechanisms for the collapse of turbulence from ac-
curate numerical simulations in large domains. For the case of planar
Couette flow, the question seems to remain open even judging from
recent observations. The case of a parallel boundary layer flow with
uniform suction, however, shows a clear example of brutal discontin-
uous phase transition. We will discuss the crucial differences between
the local mechanisms in these two examples. This is joint work with
the Mechanics department of KTH (Stockholm, Sweden).

DY 26.6 Wed 11:30 BH-N 243
Transition to turbulence in Couette-Taylor flow as a di-
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rected percolation process ? — ∙Grégoire Lemoult1, Shreyas
Jalikop1, Kerstin Avila2, and Björn Hof1 — 1IST Austria
(Institute of Science and Technology, Klosterneuburg, Austria) —
2Institute for Multiscale Simulation at the Friedrich-Alexander Uni-
versität Erlangen-Nürnberg
In the counter-rotating regime of Couette-Taylor (CT) flow, turbu-
lence appears abruptly through spatio-temporal intermittency (STI).
STI is observed during the sub-critical transition to turbulence in many
shear flows, most notably pipe flow and Couette flows. K. Avila et al.
(Science 333, 2011) recently characterized the onset of sustained tur-
bulence in pipe flow. Their work suggested that the transition could be
a second order non-equilibrium phase transition. The present contri-
bution aims to experimentally characterize the transition to sustained
turbulence in CT flow and explore the analogy to a phase transition.

Our CT setup has an aspect ratio and an azimuthal length of more
than 600 gap-widths. These large dimensions minimise the finite-size
effects, and render the setup suitable to experimentally investigate the
spatio-temporal dynamics. We present evidence to support the idea
that the transition is a phase transition of second order and provide
first estimates of some of the associated critical exponents: laminar
gap size distributions and turbulent fraction.

DY 26.7 Wed 11:45 BH-N 243
Emerging spatiotemporal dynamics in fluid flow — ∙Marc
Avila1, Paul Ritter1, and Fernando Mellibovsky2 — 1FAU
Erlangen-Nürnberg, 91058 Erlangen, Germany — 2UPC, 08860
Castelldefels, Spain
As of today, no theoretical framework fully describes the emergence
of turbulent dynamics in shear flows. A dynamical-systems approach
suggests that invariant solutions to the Navier-Stokes equations, like
traveling waves and relative periodic orbits in pipe flow, act as building
blocks of the disordered dynamics. While recent studies have shown
how transient chaos arises from such solutions, the ensuing dynamics
lacks the strong fluctuations in size, shape and speed of turbulent spots
observed in experiments. In this talk I will show that the interaction of
chaotic spots with distinct dynamical and kinematic properties gives
rise to enhanced spatiotemporal fluctuations, providing a bridge from
chaos toward turbulence. The link between the phase-space interpre-
tation of the dynamics and percolation-like models will be discussed.

DY 26.8 Wed 12:00 BH-N 243

Localized periodic orbits in plane channel flow — ∙Stefan Za-
mmert and Bruno Eckhardt — Philipps-Universität Marburg
Exact solutions of the Navier-Stokes equation are assumed to form a
skeleton for turbulent dynamics. Therefore, within the last two decades
the study of exact solutions has attracted lots of attention. Neverthe-
less, until now there is a lack of localized solutions for plane shear flows
that could help to understand the formation of turbulent spots. Using
direct numerical simulation we were able to identify streamwise and
doubly-localized relative periodic orbits that are exact solutions of the
Navier-Stokes equations (Zammert& Eckhardt: J. Fluid Mech. 761,
348-359 (2014)) for plane channel flow. We will discuss the depen-
dence of these structures on the Reynolds number and we will show
that they are created in bifurcations of spatially extended travelling
wave solutions.

DY 26.9 Wed 12:15 BH-N 243
Zeitaufgelöste High Speed PIV Untersuchung von Ablöse-
punkt und Transition in der Grenzschicht eines Tragflügels
— ∙Tom Wester, Dominik Traphan, Gerd Gülker und Joachim
Peinke — ForWind, Institut für Physik, Universität Oldenburg, 26111
Oldenburg, Deutschland
Zur Optimierung von Windkraftanlagen ist der Umschlag von lami-
narer zu turbulenter Grenzschicht auf den Rotorblättern ein wichtiger
Design-Parameter. Dieses Strömungsphänomen wird durch die Tur-
bulenzintensität der Umgebung, sowie durch den Anstellwinkel des
Profils stark beeinflusst. In der atmosphärischen Grenzschicht ist eine
Windkraftanlage ständig wechselnden Anströmungsbedingungen aus-
gesetzt. Dies macht die Dynamik des laminar-turbulenten Umschlages,
sowie des Strömungsabrisspunktes besonders interessant. Damit diese
Phänomene zeitlich und räumlich gut aufgelöst werden können, wird
in dieser Studie High-Speed Stereo Particle Image Velocimetry (HS-
PIV) verwendet. Hierdurch wird weiter die Analyse der bisher noch
nicht ausreichend untersuchten Dynamik der Transition und des Strö-
mungsabrisses an Rotorblättern möglich. Dies soll unter verschiede-
nen Anströmbedingungen erforscht werden, wobei erste Ergebnisse eine
deutliche Abhängigkeit von diesen zeigen und zur Lastminimierung an
Windkraftanlagen, sowie zu Validierung von CFD-Simulationen bei-
tragen können. Auch können die Ergebnisse zur Entwicklung neuer
stochastischer Modelle für den laminar-turbulenten Umschlag beitra-
gen.

DY 27: Statistical Physics far from Thermal Equilibrium - Part I

Time: Wednesday 9:30–12:15 Location: BH-N 334

Invited Talk DY 27.1 Wed 9:30 BH-N 334
On the use and abuse of thermodynamic entropy — ∙Peter
Hänggi1, Joern Dunkel3, and Stefan Hilbert2 — 1Institute of
Physics, University Augsburg, D-86135 Augsburg — 2Exzellenzcluster
Universe, Boltzmannstr. 2, D-85748 Garching — 3Dept. Mathematics,
MIT, 77 Massachusetts Avenue E17-412, Cambridge, MA 02139-4307
USA
Let us elaborate on the notion of thermodynamic entropy S (Clausius
1865) and its consequences. Gibbs put forward two notions of entropy
for isolated systems that I commonly will refer to here as the volume
entropy (involving the integrated density of states) and as the surface
entropy, being proportional to the density of states, commonly also
(incorrectly) known as the Boltzmann entropy. The absolute temper-
ature, 𝑇 = 𝜕𝑈/𝜕𝑆, is related to thermodynamic entropy; but which
one to use? – The consistency for thermodynamics, i.e. the validity
for the celebrated 0-th, 1-st and 2-nd thermodynamic Law singles out
the Gibbs-entropy [1].

I shall address shortcomings that relate to the thermodynamics of
small systems when sticking to the (Boltzmann)-surface entropy [1-2].
This criticism applies also to the use of absolute negative temperatures
in systems with an upper bound in energy, occurring in experiments in
spin systems or experiments involving isolated ultra-cold atomic gases.

[1] S. Hilbert, P. Hänggi, and J. Dunkel, Thermodynamic Laws in
Isolated Systems, Phys. Rev. E 90, 062116 (2014).

[2] J. Dunkel and S. Hilbert, Phase transitions in small systems:
microcanonical vs. canonical ensembles, Physica A 370, 390 (2006).

DY 27.2 Wed 10:00 BH-N 334
Transverse waves discretize knot motion on a stretched poly-

mer — ∙Raffaello Potestio1 and Luca Tubiana2 — 1Max Planck
Institute for Polymer Research, Mainz, Germany — 2Josef Stefan In-
stitute, Ljubljana, Slovenia
In recent years topological properties of polymers, in particular
biopolymers such as proteins or DNA, have been investigated by means
of computer simulations. At the same time, the capability of perform-
ing single molecule experiments has tremendously grown, allowing a
direct verification of theoretical results. Most of the investigation ef-
fort, though, both from the theoretical as well as experimental point of
view, has been focused on equilibrium properties. Now that technology
allows one to reach unprecedented levels of time and space resolution,
it would be of great interest to investigate the behavior of knotted
polymers under non-equilibrium conditions.

In this talk I will present and discuss the numerical study of a model
polymer, knotted and stretched, subject to forced oscillations. By
varying the oscillation period of one extreme of the polymer, different
dynamical phases are identified, characterized by varying diffusive be-
haviors of the knot. Specifically, a transition between a free diffusion
state to a discretized jump dynamics is observed.

DY 27.3 Wed 10:15 BH-N 334
Equivalence of Non-Equilibrium Ensembles and Represen-
tation of Friction in Turbulent Flows: The Lorenz 96
Model — ∙Valerio Lucarini1,2 and Giovanni Gallavotti3 —
1Institute of Meteorology, University of Hamburg, Hamburg, Germany
— 2Department of Mathematics and Statistics, University of Reading,
Reading, UK — 3Department of Physics, Sapienza University of Rome,
Italy
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We construct different equivalent non-equilibrium statistical ensembles
in a simple yet instructive N-degrees of freedom model of atmospheric
turbulence, introduced by Lorenz in 1996. We construct a modified
version of the model where viscosity varies with time, in such a way
that energy is conserved, and the resulting dynamics is fully time-
reversible. The statistical properties of the irreversible and reversible
model are in excellent agreement. The phase space contraction rate
of the reversible model obeys the fluctuation relation. The equiva-
lence between the two non-equilibrium ensembles extends to dynam-
ical properties such as the Lyapunov exponents. These results have
relevance in motivating the importance of the chaotic hypothesis, in
explaining that we have the freedom to model non-equilibrium systems
using different but equivalent approaches, and, in particular, that us-
ing a model of a fluid where viscosity is kept constant is just one
option, and not necessarily the only option, for describing accurately
its statistical and dynamical properties.

DY 27.4 Wed 10:30 BH-N 334
The Second Laws for an Information driven Current through
a Spin Valve — ∙Philipp Strasberg1, Gernot Schaller1, To-
bias Brandes1, and Christopher Jarzynski2 — 1Institut für theo-
retische Physik, TU Berlin, Germany — 2Institute for Physical Science
and Technology, University of Maryland, USA
We propose a physically realizable Maxwell’s demon device using a spin
valve interacting unitarily for a short time with electrons placed on a
tape of quantum dots, which is thermodynamically equivalent to the
device introduced by Mandal and Jarzynski [PNAS 109, 11641 (2012)].
The model is exactly solvable and we show that it can be equivalently
interpreted as a Brownian ratchet demon. We then consider a measure-
ment based discrete feedback scheme, which produces identical system
dynamics, but possesses a different second law inequality. We show
that the second law for discrete feedback control can provide a smaller,
equal or larger bound on the maximum extractable work as compared
to the second law involving the tape of bits. Finally, we derive an
effective master equation governing the system evolution for Poisson
distributed bits on the tape (or measurement times respectively) and
we show that its associated entropy production rate contains the same
physical statement as the second law involving the tape of bits.

REF: arXiv:1407.7679

DY 27.5 Wed 10:45 BH-N 334
Josephson effect and coherent energy transport in classical
nonlinear oscillators — Simone Borlenghi1,2, ∙Stefano Iubini3,
Stefano Lepri4, Lars Bergqvist1, Anna Delin1,2, and Jonas
Fransson2 — 1Department of Material and Nano-Physics, School of
Information and Communication Technology, KTH Royal Institute of
Technology, Stocholm, Sweden — 2Department of Physics and Astron-
omy, Uppsala University, Uppsala, Sweden — 3Centre de Biophysique
Moléculaire (CBM), CNRS-UPR 4301 Rue Charles Sadron, F-45071
Orléans, France — 4Istituto dei Sistemi Complessi, CNR Unità oper-
ativa di Firenze, Sesto Fiorentino, Italy
The standard approach to non-equilibrium thermodynamics describes
transport in terms of generalised forces and coupled currents, a typ-
ical example being the Fourier law that relates temperature gradient
to the heat flux. In this talk, we discuss the possibility to generate a
persistent energy currents in a lattice of classical nonlinear oscillators
with uniform temperature and chemical potential. In strong analogy
with the well known Josephson effect, the currents are generated only
by the phase differences between the oscillators. The phases play the
role of additional thermodynamical forces, that drive the system out
of equilibrium. Our results apply to a large class of oscillators and
indicate novel ways to practically control the propagation of coupled
currents and rectification effects in many different devices. They also
suggest a simple, macroscopic setup for studying a phenomenon which
hitherto have only been observed in microscopic, quantum-mechanical
systems. (preprint arXiv:1411.5170)

15 min. break

DY 27.6 Wed 11:15 BH-N 334
Synchronization of moving oscillators — ∙Robert Großmann1,
Fernando Peruani2, and Markus Bär1 — 1Physikalisch-
Technische Bundesanstalt, Abbestraße 2-12, 10587 Berlin, Germany —
2Université Nice Sophia Antipolis, Laboratoire J.A. Dieudonné, UMR
7351 CNRS, Parc Valrose, F-06108 Nice Cedex 02, France
We consider an extension of the Kuramoto model of noisy phase oscilla-

tors with local interaction, where individual oscillators move randomly
in 𝐷 dimensional space. We study this model by using both analytical
and numerical methods to answer the question how the synchroniza-
tion is influenced by the motion of individual oscillators. Our model
displays a non-equilibrium order-disorder transition from a desynchro-
nized to a synchronized state depending on the noise acting on indi-
vidual oscillators. The properties of the transition crucially depend
on the spatial dimensionality and the diffusion-type of oscillators: We
consider both normal diffusive motion as well as super-diffusively mov-
ing oscillators. We derive field equations which describe the large-scale
dynamics of the system by means of Langevin equations for order pa-
rameters. By coarse-graining the model in this way, we are able to ana-
lyze the large-scale dynamics analytically. In particular, we study how
fluctuations on the microscale (oscillator dynamics) enter the macro-
scopic dynamics (field theory) and calculate order-parameter correla-
tion functions. Our theory suggests that a transition to long-range
synchronization in 𝐷 ≤ 2 is not possible, if individual oscillators move
diffusively. In contrast, long-range synchronization is possible in any
spatial dimension for certain types of superdiffusive motion.

DY 27.7 Wed 11:30 BH-N 334
Condensation in asymmetric inclusion processes — ∙Markus
F. Weber, Johannes Knebel, Torben Krüger, and Erwin Frey
— Ludwig-Maximilians-Universität München
Condensation occurs when the entities of a system collectively con-
centrate in one or multiple states. In our work, we study such a phe-
nomenon for jump processes on networks. In these processes, many
particles may occupy a node and jump rates depend linearly on the
occupation of departure and arrival nodes. These kinds of processes are
thus referred to as inclusion processes - an example being the totally
antisymmetric inclusion process (TASIP) - and reflect bosonic ana-
logues of fermionic exclusion processes (e.g., the TASEP). Not only do
inclusion processes describe the interaction of strategies in zero-sum
games but they also govern chemical kinetics in autocatalytic reac-
tion networks. Furthermore, they were recently used to show that
driven-dissipative bosonic systems may condense into multiple quan-
tum states. We derived an algebraic method to determine which of
the nodes in an inclusion process become condensates. We show that
the vanishing of relative entropy production guides these systems into
non-equilibrium steady states in which detailed balance is broken. For
inclusion processes on large random networks, we find that the inter-
play between critical properties of networks and dynamically stable
network motifs determines the selection of condensates. Our methods
allow for the design of network topologies and jump rates that result
in condensates with oscillating occupation.

DY 27.8 Wed 11:45 BH-N 334
Feedback control of interacting transport channels — ∙Tobias
Brandes — Institut für Theoretische Physik, TU Berlin
Understanding the flow of information is crucial for interpreting feed-
back control of stochastic processes. Quantitative tools are available
in the form of modified fluctuation relations, mutual information and
flows in the framework of stochastic thermodynamics for discrete or
continuous degrees of freedom [1].

In this talk, I present an extension of a previous non-autonomous
feedback model for transport of particles that was based on the syn-
chronization with an external clock [2]. The new autonomous model
can be viewed as a paradigm for interacting feedback mechanisms or
feedback in networks [3], where the control is achieved in a collective
manner.

[1] J. M. Horowitz, M. Esposito, Phys. Rev. X 4, 031015 (2014);
A. E. Allahverdyan, D. Janzing, G. Mahler, J. Stat. Mech. P09011
(2009); D. Hartich, A. C. Barato, U. Seifert, J. Stat. Mech. P02016
(2014).

[2] T. Brandes, Phys. Rev. Lett. 105, 060602 (2010).
[3] S. Ito, T. Sagawa, Phys. Rev. Lett. 111, 180603 (2013).

DY 27.9 Wed 12:00 BH-N 334
Phase Behaviour of Active Swimmers in Depletants —
∙Benjamin Trefz1,2, Subir Das3, Sergei Egorov4, Peter
Virnau2, and Kurt Binder2 — 1Graduate School Material Science
in Mainz, Staudinger Weg 9, 55128 Mainz, Germany — 2Johannes
Gutenberg University Mainz, Department of Physics, Staudingerweg
7, 55128 Mainz, Germany — 3Theoretical Sciences Unit, Jawaharlal
Nehru Centre for Advanced Scientific Research, Jakkur P.O., Banga-
lore 560064, India — 4Department of Chemistry, University of Vir-
ginia, Charlottesville, Virginia 22901, USA
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We study the structure and phase behaviour of a binary mixture where
one of the components is self-propelling in nature. The inter-particle
interactions in the system were taken from the Asakura-Oosawa model,
for colloid-polymer mixtures, for which the phase diagram is known.
In the current model version the colloid particles were made active us-
ing the Vicsek model for self-propelling particles. The resultant active
system was studied by molecular dynamics methods with a Langevin

thermostat. The Vicsek model based activity facilitates phase separa-
tion, and is thus broadening the coexistence region. Our findings have
been published recently in [1].

[1] Subir K. Das, Sergei A. Egorov, Benjamin Trefz, Peter Virnau,
and Kurt Binder, Phys. Rev. Lett., "Phase Behavior of Active Swim-
mers in Depletants: Molecular Dynamics and Integral Equation The-
ory", 2014

DY 28: Nonlinear Dynamics, Synchronization and Chaos - Part I

Time: Wednesday 9:30–12:00 Location: BH-N 128

DY 28.1 Wed 9:30 BH-N 128
Synchronization by Decoupling — ∙Malte Schröder1, Manu
Mannattil2, Debabrata Dutta3, Sagar Chakraborty2,4, and
Marc Timme1 — 1Network Dynamics, Max Planck Institute for
Dynamics and Self-Organization, 37077 Göttingen, Germany —
2Department of Physics, Indian Institute of Technology Kanpur, U.P.
208016, India — 3CGG Services UK, Crompton Way, Crawley, West
Sussex RH10 9QN, UK — 4Mechanics and Applied Mathematics
Group, Indian Institute of Technology Kanpur, U.P. 208016, India
Synchronization has a broad range of applications, from biological and
ecological settings such as predator-prey dynamics and the migration
of large populations, to technical systems such as lasers. In coupled
chaotic systems, synchronization typically emerges only for a specific
range of coupling parameters and is impossible otherwise. Here, we
demonstrate that restricting the coupling to specific regions of phase
space widens the range of coupling parameters where synchronization
is achieved. This ’trick’ works for simple master-slave systems of two
coupled units as well as for larger networks of more complex interaction
topologies.

DY 28.2 Wed 9:45 BH-N 128
Chaos synchronization by nonlinear coupling — ∙Johannes
Petereit and Arkady Pikovsky — Universität Potsdam, Potsdam,
Germany
Synchronization of chaos is a well known phenomenon that occurs in
ensembles of coupled chaotic systems. It presents itself in different
forms depending on the dynamics and the coupling scheme of the in-
teracting systems. Previous researches have focussed on pairwise cou-
pling implemented by a linear coupling operator. We used nonlinear
coupling methods to link at least three systems.

In detail we coupled three logistic maps using two different nonlin-
ear coupling schemes in order to check general properties of nonlinear
coupling. We analyze different synchronization patterns in dependence
on coupling strength by calculating appropriate synchronization mea-
sures and Lyapunov exponents. Possible extensions are also briefly
discussed.

DY 28.3 Wed 10:00 BH-N 128
Permutation symmetries and phase wave synchronization
on networks of heterogeneous chemical oscillators — ∙Jan
Frederik Totz1, Harald Engel1, and Kenneth Showalter2 —
1Technische Universität Berlin, Berlin, Deutschland — 2West Virginia
University, Morgantown, USA
Synchronization phenomena are observed in a wide variety of systems
ranging from synchronizing fireflies through firing neurons to electrical
power grids [1,2]. Recently it has been demonstrated that permutation
symmetries of the underlying oscillator networks are of fundamental
importance for zero-lag synchronization patterns [3]. In this contri-
bution, we address the question: What role do network symmetries
play, when the frequency detuning of the individual oscillators is too
large to allow for zero-lag synchronization? Experiments and simula-
tions on networks of discrete chemical relaxation oscillators [4] reveal
transitions from incoherence through partial synchronization to phase
waves following symmetry clusters as a function of coupling strength.
[1] P. C. Bressloff, Waves in Neural Media: From Single Neurons to
Neural Fields (Springer, 2014)
[2] A. Pikovsky, M. Rosenblum, and J. Kurths, Synchronization: A
Universal Concept in Nonlinear Sciences (Cambridge University Press,
2003)
[3] L. M. Pecora, F. Sorrentino, A. M. Hagerstrom, T. E. Murphy, and
R. Roy, Nat. Commun. 5, 4079 (2014)
[4] M. R. Tinsley, S. Nkomo, and K. Showalter, Nat. Phys. 8, 662

(2012)

DY 28.4 Wed 10:15 BH-N 128
On the Arrest of Synchronized Oscillations — ∙Darka Labavić
and Hildegard Meyer-Ortmanns — School of Engineering and Sci-
ence, Jacobs University Bremen, Bremen, Germany
We study the mutual conversion of regimes of collective fixed-point be-
havior and collective synchronized oscillations in a system of coupled
dynamical units, which individually can be in an excitable or oscil-
latory state. The conversion is triggered by the change of a single
bifurcation parameter [1]. Of particular interest is the arrest of oscilla-
tions. We identify the criterion that determines the seeds of arrest and
the propagation of arrest fronts in terms of the vicinity to the future
attractor. Due to a high degree of multistability we observe versatile
patterns of phase locked motion in the oscillatory regime. Quenching
the system into the regime, where oscillatory states are metastable,
we observe qualitatively distinct approaches of the fixed-point attrac-
tor, depending on the initial seeds. If the seeds of arrest are isolated
single sites of the lattice, the arrest propagates via bubble formation,
visually similar to nucleation processes; if the seed is extended along
a line of lowest amplitudes, the freezing follows the spatial patterns
of phase-locked motion with long interfaces between arrested and os-
cillating units. For spiral patterns of oscillator phases these interfaces
are arranged along the arms of the spirals.

[1] D. Labavić and H. Meyer-Ortmanns, Chaos 24, 043118 (2014)
[2] D. Labavić and H. Meyer-Ortmanns, On the Arrest of Synchro-

nized Oscillations, submitted

DY 28.5 Wed 10:30 BH-N 128
Synchronizing noisy and chaotic oscillators with non-
uniform couplings — ∙Bernard Sonnenschein1, Thomas K.
DM. Peron2, Francisco A. Rodrigues3, Jürgen Kurths1,4, and
Lutz Schimansky-Geier1 — 1Department of Physics, Humboldt-
Universität zu Berlin, Germany — 2Instituto de Fisica de Sao Carlos,
Universidade de Sao Paulo, Brazil — 3Departamento de Matematica
Aplicada e Estatistica, Instituto de Ciencias Matematicas e de Com-
putacao, Universidade de Sao Paulo, Brazil — 4Potsdam Institute for
Climate Impact Research, Potsdam, Germany
It is well-known that coupled oscillatory units tend to synchronize.
However, many open questions remain, if the couplings are heteroge-
neous, e.g. in their strengths or in their effects (attractive vs. repul-
sive). We investigate all-to-all coupled networks that are composed
of two intertwined populations. All the oscillators are characterized
by two individual coupling strengths and these are the same within
the populations, but different between them. One of the coupling
constants tells how strongly the single element feels the mean field,
while the other one quantifies the strength of the contribution to the
mean field. Furthermore, coupling constants are allowed to be neg-
ative. For the node dynamics we consider two very different models,
chaotic Rössler systems and noisy Kuramoto phase oscillators. Intrigu-
ingly, in both models similar states of discordant synchronization can
be found. We report so-called blurred pi states, chimera-like points and
reentrant synchronization. For the noisy Kuramoto model we derive
analytical results providing a deeper understanding of the numerical
observations.

DY 28.6 Wed 10:45 BH-N 128
Kuramoto Dynamics in Hamiltonian Systems — Dirk
Witthaut1,2 and ∙Marc Timme2,3 — 1Network Dynamics, Max
Planck Institute for Dynamics and Self-Organization, 37077 Goettin-
gen — 2Effciency, Emergence and Economics of Future Supply Net-
works, FZ Julich — 3Institute for Nonlinear Dynamics, University of
Goettingen
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The Kuramoto model constitutes a paradigmatic model for the dis-
sipative collective dynamics of coupled oscillators, characterizing in
particular the emergence of synchrony (phase locking). Here we
present a classical Hamiltonian (and thus conservative) system with
2N state variables that in its action-angle representation exactly
yields Kuramoto dynamics on N-dimensional invariant manifolds,
http://dx.doi.org/10.1103/PhysRevE.90.032917 (2014). We show that
locking of the phase of one oscillator on a Kuramoto manifold to the
average phase emerges where the transverse Hamiltonian action dy-
namics of that specific oscillator becomes unstable. Moreover, the
inverse participation ratio of the Hamiltonian dynamics perturbed off
the manifold indicates the global synchronization transition point for
finite N more precisely than the standard Kuramoto order parame-
ter. The uncovered Kuramoto dynamics in Hamiltonian systems thus
distinctly links dissipative to conservative dynamics, with options of
experimental realization (Witthaut et al., in prep.).

15 min. break

DY 28.7 Wed 11:15 BH-N 128
Nonlinear effects in semiconductor quantum dot micro-
lasers — ∙Elisabeth Schlottmann1, Steffen Holzinger1, Sören
Kreinberg1, Leon Meßner1, Christian Schneider2, Sven
Höfling2,3, Martin Kamp2, Janik Wolters1, and Stephan
Reitzenstein1 — 1Institut für Festkörperphysik, Technische Uni-
versität Berlin, Berlin, Germany — 2Technische Physik, Universität
Würzburg, W, Germany — 3Present address: SUPA, School of Physics
and Astronomy, University of St Andrews, United Kingdom
Semiconductor microlasers with a few tens of quantum dots in the ac-
tive layer exhibit ultra-low laser thresholds in the semiclassical limit,
while showing genuine quantum effects below threshold. Today, it is
well known that classical lasers under optical feedback or external in-
jection posess highly non-linear behavior. However, the transition from
classical to quantum chaos is hardly understood.

In our experiments we investigate non-linear effects in InGaAs/GaAs
quantum dot micropillar lasers, aiming to expand the semiclassical
Lang-Kobayashi physics to the quantum regime. To this end, we mea-
sured the influence of time-delayed feedback from a 2 m long external

cavity on the first and second order autocorrelation of the emitted ra-
diation. With external injection of low intensity laser light, we pave
the way for external quantum control of microlasers.

DY 28.8 Wed 11:30 BH-N 128
Synchronization in coupled organ pipes — ∙Jakub Sawicki1,
Markus Abel2, and Eckehard Schöll1 — 1Technische Universität
Berlin, Berlin, Germany — 2University of Potsdam, Potsdam, Ger-
many
We investigate synchronization in coupled organ pipes. Synchroniza-
tion and reflection in the organ lead in special cases to undesired
weakening of the sound. Experiments show that sound interaction
is highly complex and nonlinear. As a model we consider two delay-
coupled Van-der-Pol oscillators with distance-dependent coupling. An-
alytically, we investigate phenomena as synchronization frequency and
bifurcation scenarios which occur at the boundaries of the Arnold
tongues. We successfully compare our results to experimental data.

DY 28.9 Wed 11:45 BH-N 128
Coupled organ pipes - Numerical investigations and new syn-
chronization experiments — ∙Jost Leonhardt Fischer1, Rolf
Bader1, and Markus Abel2,3 — 1Systematische Musikwissenschaft,
Universität Hamburg, Deutschland — 2Institut für Physik und As-
tronomie, Universität Potsdam, Deutschland — 3Ambrosys GmbH,
Potsdam, Deutschland
Motivated by recent synchronization experiments with slightly detuned
organ pipes we show that mutual interaction between two organ pipes
which lead to synchronization can be properly depicted by methods of
numerical simulation. Therefore we integrated the fully compressible
Navier-Stokes equations with suitable initial and boundary conditions
using an LES-Model. This gives a deep insight into the fluiddynam-
ical and aeroacoustical first principles of sound generation and sound
radiation of organ pipes. Furthermore we show first results of new syn-
chronization experiments with equally tuned pairs of organ pipes. We
observed abrupt switching between anti- and in-phase synchronization,
depending on the distance of the pipes, respectively the time delay of
the coupling.

DY 29: Statistical Physics of Biological Systems - Part II (joint session BP/DY/CPP)

Time: Wednesday 9:30–13:15 Location: H 1028

DY 29.1 Wed 9:30 H 1028
Pinned polymer loops in external field: how to align chro-
mosomes for recombination? — Yen Ting Lin1, Daniela
Frömberg1, Wenwen Huang1, Petrina Delivani2, Mariola
Chacón2, Iva Tolic2, Frank Jülicher1, and ∙Vasily Zaburdaev1

— 1MPI for the Physics of Complex Systems, Dresden, Germany —
2MPI of Molecular Cell Biology and Genetics
Chromatin movement and structure are central to many processes in
cells such as mitosis, replication, and transcription, where physical
properties of the chromatin fiber play an essential role. Motivated by
the problem of chromosome alignment and recombination during meio-
sis we solve for the statistics of a pinned polymer ring in an external
force field. We predict how the contact probability between two rings
depends on the ratio of the force to the intrinsic noise level and how
it changes upon addition of new recombination spots. Due to the un-
derlying loop topology, our theoretical results are readily applicable to
the description of bacterial DNA and polymer brushes.

DY 29.2 Wed 9:45 H 1028
Statistical Inference of E.Coli’s tumbling behavior and
chemotaxis strategy using Kramers-Moyal coefficients —
∙Oliver Pohl1, Marius Hintsche2, Carsten Beta2, and Holger
Stark1 — 1Institut für Theoretische Physik, Technische Universität
Berlin, 10623 Berlin — 2Institut für Physik und Astronomie, Univer-
sität Potsdam, 14476 Potsdam
The bacterium Escherichia coli moves with alternating runs and tum-
bles that occur with a mean tumble rate. In the presence of gradi-
ents of a chemoattractant, E. coli performs chemotaxis. We set up a
time-continuous model that describes runs and tumbles as a stochastic
process of the bacterium’s swimming direction and speed. The swim-
ming direction updates according to rotational Brownian motion and

additional shot noise, which initiates tumbling events. The speed is
not constant as in previous models but decreases during the tumbling
events.

By analyzing experimental data on swimming trajectories, we infer
the parameters of our model. To this purpose generalized Kramers-
Moyal coefficients are calculated for our shot-noise model and matched
to the ones obtained from the trajectories. In contrast to common
tumbling recognition algorithms no free parameters need to be pre-
determined. Furthermore, we can identify the bacteria’s chemotaxis
strategy by exploiting the Kramers-Moyal coefficients.

DY 29.3 Wed 10:00 H 1028
In vitro Min protein patterns arise from self-controlled chaos
— ∙Jacob Halatek and Erwin Frey — Arnold Sommerfeld Center
for Theoretical Physics, Ludwig-Maximilians-Universität, München,
Germany
The mass-conserving reaction-diffusion dynamics of Min proteins act
as spatial regulator for the assembly of the cell division machinery. A
plethora of experiments has demonstrated a remarkable adaptability
of oscillatory Min proteins patterns to variations of system geometry.
As such, the Min system serves as ideal basis to study the theoretical
concepts underlying a real pattern-forming system that can be found
in nature. The classical picture for pattern-forming reaction-diffusion
systems is rooted in two distinct concepts: The diffusion driven in-
stability proposed by Turing, and the concept of diffusively coupled,
self-sustained oscillators proposed by Kuramoto. Here, we investigate
the spatio-temporal instabilities of Min protein dynamics that lead to
characteristic patterns observed in vivo and in vitro. We find that the
in vitro instability cannot be ascribed to any of the two classical con-
cepts but gives rise to a new one. We find transient Turing patterns
at onset that loose stability to a chaotic attractor. Further from on-
set this chaotic attractor condenses into a global limit cycle, passing a
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regime with transient chimera states. As such, Min protein patterns
arise in vitro from a state of self-controlled chaos, rather than from
destabilization of uniform states. We find that such dynamics stem
from generic properties of mass-conserved reaction-diffusion dynamics
and are not specific to the Min system.

DY 29.4 Wed 10:15 H 1028
Stochastic Dynamics of IFN Type I Signaling — ∙Nikolas
Schnellbächer1,2, Nils Becker3, Thomas Höfer3, and Ulrich
Schwarz1,2 — 1Institute for Theoretical Physics, University of Hei-
delberg, Heidelberg, Germany — 2BioQuant, University of Heidelberg,
Heidelberg, Germany — 3German Cancer Research Center, Heidel-
berg, Germany
The signaling molecules interferon (IFN) of type I are secreted by
many nucleated cells to signal the presence of an intracellular viral
infection to their environment and to inhibit viral replication. Once
in the extracellular environment, they bind to a heterodimeric cell
surface receptor (IFNAR = Interferon Alpha Receptor) to form an
active ternary signaling complex, which then triggers an intracellular
response. The most prominent pathway activated by interferons is the
canonical JAK/STAT signaling pathway, where STAT molecules dock
at the receptor associated Janus kinases (JAKs) at their cytoplasmic
domains.

A central question of this system is to explain the differential in-
formation processing of different interferons through the same trans-
membrane receptor system. Moreover notoriously low copy numbers
of the receptors on the cell surface are a typical cause for a high degree
of intrinsic stochasticity. We use stochastic computer simulations to
analyze the activation dynamics in space and time. In particular we
investigate spatial effects on the dose response behavior of the IFN
type I signaling system.

DY 29.5 Wed 10:30 H 1028
Scaling Regimes for Confined Wormlike Chains under Ten-
sion — ∙Greg Morrison1 and Dave Thirumalai2 — 1IMT Lucca
Institute for Advanced Studies, Lucca Italy 55100 — 2University of
Maryland at College Park, College Park MD 20742
In this talk, we study the scaling behavior of a wormlike chain (WLC)
with persistence length 𝑙𝑝 confined to the surface of a cylinder of ra-
dius 𝑅 under the application of an external tension. Inextensibility and
confinement effects are treated on a mean field level, and we show that
the stationary solution for the mean field parameters can be reduced
simple equations that can be solved asymptotically. We are able to
accurately recover the well known Odijk scaling of 𝐹 ∼ 𝐿/𝑙𝑑, with the
deflection length 𝑙𝑑 = (𝑙𝑝𝑅2)1/3, for strongly confined chains and show
that this scaling is robust to weak external forces. We show that the
scaling regimes for both weakly and strongly confined polymers change
drastically under application of large external tension, with 𝐹 ∼ 𝐿/𝑙𝑡
for a tensile length scale 𝑙𝑡 ∼ (𝑙𝑝/𝛽𝑓)1/2. Our results may be relevant
in the mechanical unbinding of histone-bound DNA as well as a variety
of experimental situations involving DNA confined to nanochannels.

DY 29.6 Wed 10:45 H 1028
Single molecule measurement of the effective temperature in
nonequilibrium steady states — ∙Eckhard Dieterich1, Joan
Camunas-Soler2,3, Marco Ribezzi-Crivellari2,3, Udo Seifert1,
and Felix Ritort2,3 — 1II. Institut für Theoretische Physik, Uni-
versität Stuttgart, Germany — 2Departament de Física Fonamental,
Universitat de Barcelona, Spain — 3CIBER-BBN de Bioingeniería,
Biomateriales y Nanomedicina, Instituto de Salud Carlos III, Madrid,
Spain
Temperature is a crucial concept for equilibrium systems. For glassy
systems, it has been extended to the nonequilibrium regime as an effec-
tive quantity showing up in the fluctuation-dissipation theorem. How-
ever, direct supporting experimental evidence remains scarce. Here, we
present the first direct experimental demonstration of the effective tem-
perature by measuring correlations and responses in single molecules in
nonequilibrium steady states generated under external random forces.
We combine experiment, analytical theory and simulations for systems
with different levels of complexity ranging from a single bead in an op-
tical trap to two-state and multiple-state DNA hairpins. From these
data, we can extract a unifying picture for the existence of an effective
temperature based on the relative order of various time-scales char-
acterizing intrinsic relaxation and external driving. Our study thus
introduces driven small systems as a fertile ground to address funda-
mental concepts in statistical physics, condensed matter physics and
biophysics.

30 min break

Invited Talk DY 29.7 Wed 11:30 H 1028
Efficiently extracting thermodynamics and kinetics from
molecular simulation data at multiple thermodynamic states
— ∙Frank Noe — FU Berlin, Arnimallee 6, 14195 Berlin
I will present novel methods based on Markov modeling for extracting
statistical information (thermodynamics and kinetics) from molecular
simulation data that has been generated at multiple thermodynamic
states. Such data may be obtained from enhanced sampling protocols,
such as umbrella sampling or replica-exchange dynamics, and by mix-
ing one of these protocols with direct molecular dynamics data. Here
I will propose ways to optimally extract information from such data,
including the reconstruction of the kinetics of rare events that are not
directly sampled in the data. An application of our approach is the
estimation of rare unbinding kinetics of protein-ligand complexes when
only the more frequent binding process can be sampled in direct MD
simulations.

DY 29.8 Wed 12:00 H 1028
Stochastic dynamics of adhesion bonds for a rod propelled by
both force and torque — ∙Anna Battista and Ulrich Schwarz
— Heidelberg University, Heidelberg, Germany
The stochastic dynamics of adhesion bonds has emerged as a powerful
theoretical framework to explain many prominent features of sliding
friction, including the stick-slip regimes often observed at intermediate
driving velocity. Sliding friction occurs in a variety of physical contexts,
ranging from tribology to cell motility. In particular, stochastic bonds
have been employed to model the dynamics of adhesion between a cell
and its substrate. Although much progress has been achieved with the
help of stochastic bond models, up to now they have been restricted
to sliding friction in one dimension. However, there are situations in
which translation is coupled with rotation, as is the case of gliding cells
with a shape asymmetry. Motivated by this observation, we develop a
sliding friction model for a slider that is both translated and rotated,
while being connected to the substrate by stochastic bonds. We find
that torque enhances the tendency for stick-slip behaviour and that
adhesive patches spontaneously form at the moving interface when the
on-rate of the bonds has a velocity dependence. Interestingly, our re-
sults show an adhesion dynamics reminiscent of that observed during
the migration of curved malaria parasites.

DY 29.9 Wed 12:15 H 1028
High stress levels lead to transition from heterogeneous tim-
ing to synchronized cellular response of the E.coli Coli-
cin E2 operon — ∙Andreas Mader1, Benedikt von Bronk1,
Benedikt Ewald1, Sara Kesel1, Karin Schnetz2, Erwin Frey1,
and Madeleine Opitz1 — 1Faculty of Physics, LMU München, Ger-
many — 2Institute for Genetics, Universität zu Köln, Germany
The production of bacteriocins, such as colicins, is one means of bac-
teria to outcompete other microorganisms. In a single cell study, we
analyze the heterogeneous gene expression of Colicin E2, expressed
from the SOS inducible E.coli Colicin E2 operon. We quantitatively
study the expression dynamics of the Colicin E2 operon in E.coli us-
ing fluorescence time-lapse microscopy. Different fluorescence reporter
proteins allow us to observe heterogeneity in Colicin production and
Colicin release separately. At low exogenous stress levels all cells even-
tually respond after a given time (heterogeneous timing), high stress
levels lead to a synchronized stress response of all cells about 75 min af-
ter induction via stress. A heterogeneous response in combination with
heterogeneous timing can be biologically significant. It might enable a
bacterial population to endure low stress levels, while at high stress lev-
els an immediate and synchronized response may allow elimination of
closely related bacteria competing for resources. Furthermore we could
demonstrate that the amount of Colicin released is dependent on cel
(lysis) gene expression. Future investigations will focus on transcrip-
tional as well as post-transcriptional regulation affecting the dynamics
of Colicin expression and release.

DY 29.10 Wed 12:30 H 1028
The fluidity of the cytoplasm is regulated by cytosolic pH
— Matthias Munder2, ∙Daniel Midtvedt1, Elisabeth Nüske2,
Shovamayee Maharana2, Sonja Kroschwald2, Doris Richter2,
Vasily Zaburdaev1, and Simon Alberti2 — 1Max Planck Institut
für Physik komplexer Systeme — 2Max Planck Institut für molekulare
Zellbiologie und Genetik
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Upon sub-optimal growth conditions, many cells enter a quiescent state
characterized by lack of cell division, low metabolic activity and de-
creased intracellular pH. The mechanisms by which cells enter and
leave quiescence are as of yet largely unknown.

Using single-particle tracking, we investigate the mobility of foreign
tracer particles under different cytosolic pH conditions. We find a
significant decrease in the mobility of the particles under acidic condi-
tions.

Indicative of obstructed motion in a crowded solution, at short times
the velocity autocorrelation function (VACF) of the tracer particles is
negative. We relate these findings to a structural phase transition in
the cytoplasm.

Our findings indicate that cells may use cytosolic pH to change the
material properties of the cytoplasm. We are currently investigating
possible consequences of these changes. Our findings could have broad
implications for the understanding of alternative physiological states in
cells, and promotes a view on the eukaryotic cytoplasm as a viscoelastic
material with widely tunable properties.

DY 29.11 Wed 12:45 H 1028
Detailed balance violations in mesoscopic biological systems
— ∙Christopher Battle1, Chase P. Broedersz2, Nikta Fakhri1,
Fred C. MacKintosh3, and Christoph F. Schmidt1 — 1Drittes
Physikalisches Institut, Georg-August Universitaet, Goettingen, Ger-
many — 2Lewis-Sigler Institute for Integrative Genomics and Depart-
ment of Physics, Princeton University, Princeton, NJ, USA — 3Dept.
of Physics & Astronomy, Vrije Universiteit, Amsterdam, Netherlands
Living systems exist far from thermal equilibrium, with active pro-
cesses powering many of their functions. As such, they are expected
to violate fundamental tenets of equilibrium, such as the principle of
detailed balance. While some cellular processes show unmistakable
non-equilibrium characteristics, e.g. persistent directed motion, oth-
ers are more subtle, exhibiting non-thermal, random motion which is
similar in appearance to Brownian motion, e.g. cortical stress fluctu-

ations or active cellular stirring. It is not a priori clear whether the
active, random nature of the second class of motions will translate into
observable violations of detailed balance on the mesoscopic, i.e. cel-
lular, scale. Here we report experimental evidence of detailed balance
violations for such a case. Such violations can be used to ”fingerprint”
non-equilibrium systems, and differentiate active processes from ther-
mal ones without perturbing the system.

DY 29.12 Wed 13:00 H 1028
Genetic networks specifying the functional architecture of
orientation domains in V1 — ∙Joscha Liedtke and Fred Wolf
— Max Planck Institute for Dynamics and Self-Organization, Am Fass-
berg 17, 37077 Goettingen (Germany)
Although genetic information is critically important for brain devel-
opment and structure, it is widely believed that neocortical functional
architecture is largely shaped by activity dependent mechanisms.

Here we show theoretically that mathematical models of genetic net-
works of principal neurons interacting by long range axonal morphogen
transport can generate morphogen patterns that exactly prescribe the
functional architecture of the primary visual cortex (V1) as experi-
mentally observed. We analyze in detail an example genetic network
that encodes the functional architecture of V1 by a dynamically gen-
erated morphogen pattern. We use analytical methods from weakly
non-linear analysis [Cross & Hohenberg 1993] complemented by nu-
merical simulations to obtain solutions of the model. In particular we
find that the pinwheel statistics are in quantitative agreement with
high precision experimental measurements [Kaschube et al. 2010].

This theory opens a novel perspective on the experimentally ob-
served robustness of V1’s architecture against radically abnormal de-
velopmental conditions such a dark rearing [White et al. 2001]. Fur-
thermore, it provides for the first time a scheme how the pattern of
a complex cortical architecture can be specified using only a small
genetic bandwidth.

DY 30: SYPS: Physics of Sustainability and Human-Nature Interactions (joint symposium
SOE/ AKE/ BP/ DY/ jDPG)

Time: Wednesday 9:30–12:15 Location: H 0105

Invited Talk DY 30.1 Wed 9:30 H 0105
Anticipating and avoiding tipping points — ∙Timothy M.
Lenton — University of Exeter, Exeter, UK
A ’tipping point’ occurs when a small change in forcing triggers a
strongly non-linear response in the internal dynamics of a system, qual-
itatively changing its future state. Large-scale ’tipping elements’ have
been identified in the Earth’s climate system that may pass a tipping
point under human-induced global change this century. At the smaller
scale of ecosystems, some tipping points have already been observed,
and more are anticipated in future. Our capacity to forecast such
abrupt, non-linear changes has historically been poor. However, much
excitement has recently been generated by the theory that some ap-
proaching tipping points carry generic early warning signals. I will
critically examine the prospects for gaining early warning of approach-
ing tipping points. Promising methods are based on detecting ’critical
slowing down’ in the rate a system recovers from small perturbations,
and on accompanying changes in the statistical distribution of its be-
haviour. I will show examples of early warning signals in paleo-data
approaching past abrupt climate changes, and in models being grad-
ually forced past tipping points. I will also consider the conditions
under which the methods fail. Finally, I will discuss how we might
respond to early warning to try and avoid tipping points, especially in
the climate system.

Invited Talk DY 30.2 Wed 10:00 H 0105
Climate investment under uncertainty: the two degree target
and the desire for dynamic consistency — ∙Hermann Held and
Delf Neubersch — Center of Earth System Research and Sustain-
ability, University of Hamburg, Grindelberg 5, 20144 Hamburg
During the climate Conferences of the Parties 2009-2011 the global
community developed a formal consensus to limit the anthropogeni-
cally induced increase of global mean temperature to 2K (“two-degree
targe” or “2∘-target”). While the latest IPCC (Intergovernmental Panel
on Climate Change) report (2014) summarizes cost estimates that can

be interpreted as rather low, suggesting some potential political feasi-
bility of the 2∘-target, some authors start to question the conceptual
validity of the 2∘-target: it might be too late to still comply with it,
given the slow pace of mitigation policy. Moreover, it is pointed out
that a strictly interpreted temperature target does not have a straight-
forward generalization when uncertainty is internalized in decision-
making under anticipated future learning.

Here we present a generalization of the 2∘-target that addresses both
of these problematic aspects and that respects dynamic consistency un-
der anticipated future learning. Consequences for climate policy are
highlighted. We find that previous climate economic analyses of the
2K-target in terms of low cost for transforming the energy system are
still valid, when being re-interpreted. Moreover, mitigation costs could
be reduced by up to 1/3 if the climate response to greenhouse gas forc-
ing were known with certainty, pointing to the expected economic value
of geo-scientific information.

Invited Talk DY 30.3 Wed 10:30 H 0105
What are the resources required to fulfil human needs? —
∙Julia Steinberger — Sustainability Research Institute, University
of Leeds, UK
All human societies require environmental resources, in the form of en-
ergy and materials, to survive and flourish. However, the exact level of
resource requirements may be difficult to estimate, since it can depend
on many factors. These factors include: local biophysical conditions,
such as climate or available crops for food; technological options and
efficiencies for delivering key services; but also socio-economic parame-
ters, including consumption levels and inequality in distribution. This
talk will present recent advances in the international study of energy
requirements for human needs. These results demonstrate that high
levels of human wellbeing are attainable at moderate as well as very
high energy use, and that the average level of energy use required to
achieve high human wellbeing is declining over time. Moreover, it can
be shown that energy itself does not play a dominant role in explain-
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ing the considerable advances in human wellbeing over the past half
century. An agenda for analysing the resource requirements to fulfil
universal basic human needs will then be presented. This agenda must
take into account socio-economic as well as technological choices, since
fulfilling human needs at low levels of resource use most likely requires
a re-organisation and re-orientation of many socio-economic activities.

15 min. break

Invited Talk DY 30.4 Wed 11:15 H 0105
Design of Sustainable Supply Chains for Sustainable Cities
— ∙Anna Nagurney — Isenberg School of Management, University
of Massachusetts Amherst
Supply chains provide the critical infrastructure for the production
and distribution of goods and services in our Network Economy and
serve as the conduits for the manufacturing, transportation, and con-
sumption of products ranging from food, clothing, automobiles, and
high technology products, to even healthcare products. Cities as major
population centers serve not only as the principal demand points but
also as the locations of many of the distribution and storage facilities,
transportation providers, and even manufacturers. The sustainability
of supply chains is, hence, a precursor to the sustainability of our cities.

In this presentation, we discuss a plethora of relevant supply chain
networks for cities from food to energy ones. We provide the foun-
dations of the methodologies in terms of variational inequality theory
and projected dynamical systems theory and describe both an opti-

mization model for sustainable supply chain network design as well as
a game theory one with multiple decision-makers and frequencies of
the network economic activities.

Invited Talk DY 30.5 Wed 11:45 H 0105
Ecological econophysics for degrowth — ∙Salvador Pueyo —
Dept. d’Ecologia, Universitat de Barcelona, Barcelona, Catalonia,
Spain — Research & Degrowth, Barcelona, Catalonia, Spain
Climate change, resource scarcity and ecosystem degradation sug-
gest that we have already overshot the sustainable level of economic
throughput. One of the greatest challenges of our time is to move from
a growth-based economy to a socially benign degrowth. The obstacles
ahead are not only political and cultural but also technical: How to
transform the economic system in depth without undesired emergent
properties or loss of its basic functionality? How to shrink the economy
without triggering uncontrolled recessions? How to effectively increase
equality to compensate for a decreasing average consumption? Several
of the involved features are best expressed as frequency distributions
(of recession sizes, of individual income or resource consumption), thus
demanding the kind of approach used in statistical physics, which links
distributions to mechanisms. This econophysical approach should be
combined with that of ecological economics, which treats the economy
as a subsystem of the biosphere instead of an autonomous system.
Researchers in econophysics or complexity economics are in a unique
position to move beyond more mundane goals and apply their knowl-
edge to help changing the system in favor of sustainability, equality
and democracy while we still have the opportunity.

DY 31: Transport: Fluctuations and Noise (joint session TT/ CPP/ DY)

Time: Wednesday 11:30–12:45 Location: H 3005

DY 31.1 Wed 11:30 H 3005
Quantum transport, master equations, and exchange fluctu-
ations — ∙Sigmund Kohler and Robert Hussein — Instituto de
Ciencia de Materiales de Madrid, CSIC, 28049 Madrid, Spain
We investigate to which extent a many-body Bloch-Redfield master
equation description of transport in coupled quantum dots is consistent
with the exact generalized equilibrium conditions known as exchange
fluctuation theorems. Thereby we identify a class of master equations
for which this is the case. Beyond this class, we find deviations which
exhibit characteristic scaling laws as functions of the dot-lead tunnel-
ing, the inter-dot tunneling, and the temperature. These deviations
are accompanied by an increase of lead energy fluctuations inherent in
the Bloch-Redfield equation beyond rotating-wave approximation. We
illustrate our results with numerical data for a double and a quadruple
quantum dot attached to four leads.

[1] R. Hussein and S. Kohler, Phys. Rev. B 89, 205424 (2014).

DY 31.2 Wed 11:45 H 3005
Waiting time-distribution of a quantum-dot spin valve —
∙Björn Sothmann — Département de Physique Théorique, Univer-
sité de Genève, Genève, Switzerland
Recently, the study of waiting-time distributions of electron transport
has received a lot of interest [1]. It can provide information about
transport processes that is complementary to average current and
noise. Here, we discuss the waiting-time distribution of a a quantum-
dot spin valve [2], i.e., a single-level quantum dot coupled to two fer-
romagnetic electrodes with magnetizations that can point in arbitrary
directions [3]. We demonstrate that the rich transport physics of this
setup, such as the dynamical channel blockade and spin precession
in an interaction-driven exchange field, shows up in the waiting-time
distribution, and we analyze the conditions necessary to observe the
various effects.

[1] M. Albert, G. Haack, C. Flindt, M. Büttiker,
Phys. Rev. Lett. 108, 186806 (2012).
[2] B. Sothmann, Phys. Rev. B 90, 155315 (2014).
[3] M. Braun, J. König, J. Martinek,
Phys. Rev. B 70, 195345 (2004).

DY 31.3 Wed 12:00 H 3005
Waiting-time distribution of light from superconducting res-
onators coupled to voltage-biased Josephson junctions —
∙Simon Dambach, Björn Kubala, Vera Gramich, and Joachim

Ankerhold — Institute for Complex Quantum Systems, Ulm Univer-
sity, Ulm, Germany
The interplay of the tunneling transfer of charges and the emission and
absorption of light can be investigated in a set-up, where a voltage-
biased Josephson junction is placed in series to a microwave cavity.
In such devices measurements of the emitted microwave radiation can
yield information about the Cooper pair current and its fluctuations
and vice versa.

Due to the inherent nonlinearity of the Josephson junction tunneling
Cooper-pairs can create a variety of non-classical states of light already
at weak driving. Depending on experimental parameters and tuning,
the device can be described by effective Hamiltonians, indicating spe-
cific photon creation mechanisms which lead to strongly bunched or
anti-bunched light emission [1].

We will use the waiting-time distribution [2] of emitted photons to
highlight how charge quantization of the Cooper pair current drives
a crossover from a coherent light source to a single-photon source.
Analytical results for the weak driving regime, based on a quantum
regression approach, are complemented by numerical results for the
full nonlinear quantum case.

[1] B. Kubala, V. Gramich, and J. Ankerhold, arXiv:1404.6259.
[2] T. Brandes, Ann. Phys. (Berlin) 17, 477 (2008).

DY 31.4 Wed 12:15 H 3005
Input-output description of microwave radiation in the dy-
namical Coulomb blockade — Juha Leppäkangas1, Göran
Johansson1, ∙Michael Marthaler2, and Mikael Fogelström1

— 1Microtechnology and Nanoscience, MC2, Chalmers Universit y
of Technology, SE-412 96 Göteborg, Sweden — 2Institut für Theo-
retische Festkörperphysik, Karlsruhe Institute of Technology, D-76128
Karlsruhe, Germany
We study microwave radiation emitted by a small voltage-biased
Josephson junction connected to a superconducting transmission line.
An input-output formalism for the radiation field is established, using a
perturbation expansion in the junction’s critical current. Using output
field operators solved up to the second order, we estimate the spectral
density and the second-order coherence of the emitted field. For typical
transmission line impedances and at frequencies below the main emis-
sion peak at the Josephson frequency, radiation occurs predominantly
due to two-photon emission. This emission is characterized by a high
degree of photon bunching if detected symmetrically around half of the
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Josephson frequency. Strong phase fluctuations in the transmission
line make related nonclassical phase-dependent amplitude correlations
short lived, and there is no steady-state two-mode squeezing. However,
the radiation is shown to violate the classical Cauchy-Schwarz inequal-
ity of intensity cross-correlations, demonstrating the nonclassicality of
the photon pair production in this region.

DY 31.5 Wed 12:30 H 3005
Distribution of energy dissipated by a driven two-level system
— ∙Philip Wollfarth1,2, Alexander Shnirman1,2, and Yasuhiro
Utsumi3 — 1Institut für Theorie der Kondensierten Materie, Karl-
sruhe Institute of Technology, 76128 Karlsruhe, Germany — 2DFG
Center for Functional Nanostructures (CFN), Karlsruhe Institute of
Technology, 76128 Karlsruhe, Germany — 3Department of Physics
Engineering, Faculty of Engineering, Mie University, Tsu, Mie, 514-

8507, Japan
In the context of fluctuation relations, we study the distribution of
energy dissipated by a driven two-level system. Incorporating an en-
ergy counting field into the well known spin-boson model enables us to
calculate the distribution function of the amount of energy exchanged
between the system and the bath. We also derive the conditional distri-
bution functions of the energy exchanged with the bath for particular
initial and/or final states of the two-level system. We confirm the
symmetry of the conditional distribution function expected from the
theory of fluctuation relations. We also find that the conditional dis-
tribution functions acquire considerable quantum corrections at times
shorter or of the order of the dephasing time. Our findings can be
tested using solid-state qubits.

[1] P. Wollfarth, A. Shnirman, Y. Utsumi,
Phys. Rev. B 90, 165411 (2014).

DY 32: Focus Session: Statistics of fully developed turbulence
Despite its omnipresence and wide range of technical applications, a comprehensive understanding of
fully developed turbulence remains elusive. Fully developed turbulence constitutes a paradigm of a com-
plex system with a large number of strongly interacting degrees of freedom far from equilibrium. With
coherent structures interacting in a complex manner, fully developed turbulence falls in between purely
random and pattern-forming systems. It is this combination which makes it a challenging research field
with connections to non-equilibrium statistical mechanics, pattern formation and stochastic processes.
In this focus session we will cover various aspects of fundamental turbulence research from both the
Eulerian and Lagrangian perspective. (Organizors M.Wilczek and O. Kamps)

Time: Wednesday 15:00–18:45 Location: BH-N 243

Invited Talk DY 32.1 Wed 15:00 BH-N 243
Turbulence and Instantons — Tobias Grafke1, ∙Rainer
Grauer2, Tobias Schäfer3, Stephan Schindel2, and Eric
Vanden-Eijnden4 — 1Dept. of Physics of Complex Systems, Weiz-
mann Institute, Rehovot, Israel — 2Theor. Physik I, Ruhr-Universität
Bochum, Bochum, Germany — 3Dept. of Math., College of Staten Is-
land, CUNY, USA — 4Courant Institute, NYU, New York, USA
It is evident that coherent nearly singular structures play a dominant
role in understanding the anomalous scaling behavior in turbulent sys-
tems.

We ask the question, which role these singular structures play in
turbulence statistics. More than 15 years ago, for certain turbulent
systems the door for attacking this issue was opened by getting ac-
cess to the probability density function to rare and strong fluctuations
by the instanton approach. We address the question whether one can
identify instantons in direct numerical simulations of the stochastically
driven Burgers equation. For this purpose, we first solve the instanton
equations using the Chernykh-Stepanov method [2001]. These results
are then compared to direct numerical simulations by introducing a
filtering technique to extract prescribed rare events from massive data
sets of realizations.

In addition, we solve the issue why earlier simulations by Gotoh
[1999] were in disagreement with the asymptotic prediction of the in-
stanton method and demonstrate that this approach is capable to de-
scribe the probability distribution of velocity differences for various
Reynolds numbers.

DY 32.2 Wed 15:30 BH-N 243
The non-universality of magnetohydrodynamic turbulence
— ∙Wolf-Christian Müller1, Roland Grappin2, Andrea
Verdini3, and Özgur Gürcan4 — 1Technische Hochschule Berlin,
Plasma-Astrophysik — 2LUTH, Observatoire de Paris and LPP, Ecole
Polytechnique, France — 3Università di Firenze, Dipartimento di
Fisica e Astronomia, Firenze, Italy and Royal Observatory of Belgium,
SIDC/STCE, Brussels — 4LPP, Ecole Polytechnique, Paris, France
We present a new cascade scenario motivated by the three-dimensional
energy spectrum observed in numerical simulations of incompressible
MHD turbulence in a strong mean field. It is shown that the energy
distribution is not in accord with standard critical balance and the
associated scale anisotropy. In spite of this, a measurable anisotropy
of structure-function scaling exists independent of taking spatial in-
crements with respect to the mean or local direction of the magnetic
field.

We, thus, propose a combination of weak Iroshnikov-Kraichnan
dynamics governing energy transfer in the field-perpendicular plane
and the ricochet process distributing energy quasi-resonantly along
all other directions. This spectral transfer process asymptotically
approaches the 2D IK-cascade as 𝐵0 increases. The new transfer
mechanism is at variance with the commonly accepted resonant weak-
turbulence cascade as well as with the critically balanced strong tur-
bulence cascade. It is shown that the non-universal spectral dynamics
are determined by the large-scale ratio of kinetic and magnetic energy.

DY 32.3 Wed 15:45 BH-N 243
Markov closure for the Lundgren-Monin-Novikov hierarchy
in turbulence — ∙Jan Friedrich and Rainer Grauer — Institut
für theoretische Physik I, Ruhr-Universität Bochum, Deutschland
A central, yet unsolved problem of hydrodynamic turbulence is the
closure problem, which is due to the nonlinear character of the Navier-
Stokes equation. We formulate the closure problem for the many-
increment probability distributions and introduce a new method for
closing the hierarchy. Here we use the experimental and numerically
verified assumption that the turbulent cascade possesses a Markov
property in scale [1] down to the so-called Einstein-Markov length.
This approximation is far beyond a Gaussian approximation and al-
lows a full description of intermittency effects. The procedure is ex-
plained on the example of the simpler Burgers equation corresponding
to a fluid without pressure contributions whose singular structures are
determined by so-called shocks. The proposed closure also opens up
the way to a perturbative treatment of the Navier-Stokes equation be-
yond the Einstein-Markov length in successively taking into account a
larger and larger scale ”history” of the system.

[1] R. Friedrich, J. Peinke, Phys. Rev. Lett. 78 (5) (1997) 863-866

DY 32.4 Wed 16:00 BH-N 243
Stochastic description of a turbulent wake — ∙Nico Reinke and
Joachim Peinke — ForWind, Institute of Physics, Carl v. Ossietzky
University, Oldenburg, Germany
The presentation will give an insight in our experimental work to frac-
tal generated turbulent flows and especially in the stochastic analysis
of this turbulent flow. The stochastic approach allows to characterize
the turbulent cascade process in scale 𝑟 and in different distances 𝑥
to the grid. This stochastic characterization shows the complexity of
the flow and the transition between an non homogenous to a homoge-
nous turbulent flow. To characterize the wake of a fractal grid velocity
measurements 𝑣(𝑡) (using hot wire anemometer) were performed on
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the wind tunnel test section center line 𝑥 → 𝑣(𝑡, 𝑥). We analysis the
wake in terms of velocity increments 𝑢(𝑟, 𝑥) = 𝑣(𝑡+ 𝑟

<𝑣>
, 𝑥)− 𝑣(𝑡, 𝑥).

The velocity increments are consider as Markov chain, which is true
for 𝑟 ≥ 𝑙𝐸𝑀 , where 𝑙𝐸𝑀 is the Einstein-Markov coherence length.
The information of the turbulent cascade process is captured in the
conditional probability distribution function 𝑝(𝑢(𝑟, 𝑥)|𝑢(𝑟 + 𝛿𝑟, 𝑥)),
𝛿𝑟 ≥ 𝑙𝐸𝑀 . 𝑝(𝑢(𝑟, 𝑥)|𝑢(𝑟 + 𝛿𝑟, 𝑥)) changes for different scales 𝑟. This
change is describe by the so called Fokker-Planck equation, which is
governed by Kramers-Moyal functions 𝐷(1)(𝑢(𝑟, 𝑥)) and 𝐷(2)(𝑢(𝑟, 𝑥)).
Finally, those functions characterize the turbulent cascade and allow
us to understand the wake in scale and in distance to the grid.

DY 32.5 Wed 16:15 BH-N 243
Stochastic analysis of aerodynamic forces acting on airfoils
in turbulent inflow — ∙Gerrit Kampers1, Michael Hölling1,
Ulrike Cordes2, Klaus Hufnagel2, Cameron Tropea2, and
Joachim Peinke1 — 1ForWind, Institute of Physics, University of
Oldenburg, 26111 Oldenburg, Germany — 2Institute of Fluid Me-
chanics and Aerodynamics, Technical University of Darmstadt, 64287
Darmstadt, Germany
Wind turbines work within the atmospheric boundary layer, which is
dominated by turbulence. Such turbulent flows feature non-Gaussian
statistics, that are currently not accounted for by industry standards.
These intermittent statistics lead to heavy fluctuations in aerodynamic
forces and mechanical loads, respectively. Active and passive flow con-
trol elements represent a promising approach for the reduction of fluc-
tuating loads.

We present a new testing method for wind tunnel experiments, that
allows an investigation of the force fluctuations on airfoil segments
with and without flow control elements under realistic and reproducible
conditions. The statistics of the desired inflow are defined by a scale
dependent analysis of offshore wind data and then reproduced in the
wind tunnel with an active grid. Aerodynamic quantities of interest
are measured and subsequently studied using a stochastic Langevin
approach, which separates the deterministic response of a system from
its stochastic (noisy) part. This method enables for a quantitative
analysis of the dynamical performance of flow control mechanisms in
turbulent conditions.

15 min. break

Invited Talk DY 32.6 Wed 16:45 BH-N 243
Particle motion and irreversibility of turbulent flows —
∙Alain Pumir1,2, Haitao Xu2, Jennifer Jucha2, and Eberhard
Bodenschatz2 — 1Laboratoire de Physique, Ecole Normale Su-
perieure de Lyon, F-69007, Lyon, France — 2Max-Planck Institut für
Dynamik und Selbst-Organisation, D-37077, Göttingen, Germany
In three-dimensional turbulent flows, the flux of energy from large to
small scales breaks time- reversal symmetry. I will discuss how this ir-
reversibility can be observed by following the trajec- tories of tracers,
moving with the fluid.

For the problem of relative particle dispersion, irreversibility im-
plies that particles separate slower forward in time than backward (see
Jucha et al, PRL 2014). This property can be understood in terms
of an exact relation, established directly from the Navier-Stokes equa-
tions. A more surprising observation is that a tracer particle needs
more time to build up large kinetic energy, than to dissipate it. This
allows us to quantify the irreversibility of the turbulent fluid (Xu et
al, PNAS, 2014).

DY 32.7 Wed 17:15 BH-N 243
The Time Irreversibility of Turbulence — ∙Jennifer Jucha1,
Alain Pumir2, Haitao Xu1, and Eberhard Bodenschatz1 —
1Max Planck Institut für Dynamik und Selbstorganisation, Göttingen,
Deutschland — 2Ecole Normale Supérieure, Lyon, Frankreich
The dissipation of energy at the smallest scales of a turbulent flow
leads to an increase in entropy and therefore renders the flow time-
irreversible. This irreversibility also influences the transport and mix-
ing processes at larger scales of the flow but the connection was unclear
so far. In this talk, an analytical relation between the dissipation pro-
cess and the dispersion of particle clusters will be presented. Experi-
mental and numerical results will be shown that confirm our theoretical
approach.

DY 32.8 Wed 17:30 BH-N 243
The stochastic description of non-Brownian particles in shear

flow by a colored-noise Fokker-Planck equation — ∙Laura
Lukassen1,2 and Martin Oberlack1,2 — 1Chair of Fluid Dynam-
ics, TU Darmstadt — 2Graduate School of Excellence Computational
Engineering, TU Darmstadt
As described in literature, non-Brownian particles in shear flow show
a diffusive behavior due to hydrodynamic interactions, namely shear-
induced diffusion. The stochastic description by means of a Fokker-
Planck equation is of major interest for non-Brownian particles in
shear-induced diffusion. In contrast to Brownian diffusion, there is
no separation of time scales in the context of shear-induced diffusion.
The configuration of non-Brownian particles changes on the same time
scale as the hydrodynamic velocity. This fact violates the Markov pro-
cess assumption in pure position space. In order to assure the Markov
process assumption, we derived a new Fokker-Planck equation in cou-
pled position-velocity space (Lukassen, Oberlack, Phys. Rev. E 89,
2014). Under certain conditions, this new coupled Fokker-Planck ap-
proach can be reduced to a modified equation in pure position space.
The new modified position space description exhibits additional cor-
rection terms when compared to other position space Fokker-Planck
equations in that context known from literature. Our extended ap-
proach shall enable a better stochastic description of non-Brownian
particle flows.

The work of L. Lukassen is supported by the ”Excellence Initiative”
of the German Federal and State Governments and the Graduate
School of Computational Engineering at TU Darmstadt.

DY 32.9 Wed 17:45 BH-N 243
Universal properties of the intermittency generating func-
tion in fully developed turbulence — ∙Christoph Berling1 and
Oliver Kamps2 — 1Institut für Theoretische Physik, University of
Münster, Germany — 2Center for Nonlinear Science, University of
Münster, Germany
The understanding of the intermittent fluctuations of observables in
fully developed turbulence is one of the central challenges in turbulence
research. One example for intermittency is the non-self-similar evo-
lution of the probability density functions (PDFs) of the Lagrangian
velocity increments 𝑣(𝜏, 𝑡) = 𝑢(𝑡+𝜏)−𝑢(𝑡) with respect to the time lag
𝜏 . Based on the combination of an exact but unclosed PDF equation
and experimental results it is possible to describe the non-self-similar
evolution of the Lagrangian increment PDFs by a single function
that itself is self-similar [1]. In this contribution we will show that
within this framework Lagrangian intermittency can also be described
for turbulent flows with different Reynolds numbers as well as for
magneto-hydrodynamic and two-dimensional turbulence.

[1] Wilczek et. al., New Journal of Physics 15 (2013) 055015

DY 32.10 Wed 18:00 BH-N 243
the intermittent behavior of DDES simulation of fractal-
generated turbulence — ∙Mohamed Cherif Mihoubi1, Bern-
hard Stoevesandt1, and Joachim Peinke1,2 — 1Fraunhofer Insti-
tute for Wind Energy and Energy System Technology IWES, Old-
enburg, Germany — 2ForWind, Center for Wind Energy Research,
Oldenburg, Germany
In order to study the relevant sources of noise from wind turbines
under real atmospheric inflow conditions, we investigate CFD simu-
lations of fractal generated turbulence. The fractal grid used in this
simulation is based on an experimental set-up to be able to validate the
simulation results. The Results showed that in the production region
of the turbulence the pdfs are roughly Gaussian, the deviation from
the Gaussian distribution starts at 0.9m and lasts up to 2m behind
the fractal grid. In this region the statistics show highly intermittent
behavior with heavy tails which show similar behavior to atmospheric
turbulence (please see [1],[2]). From 2m on, the pdfs become Gaussian
again. Additionally, energy spectrum, integral length scale and other
quantities are evaluated on the stream-wise directions. In comparison
with wind tunnel data, the effect of turbulence model in analyzed
[1] Morales, A., Wächter, M. and Peinke, J. (2012), Characterization of
wind turbulence by higher-order statistics,Wind Energ., 15: 391*406.
doi: 10.1002/we.478
[2] Mücke, T., Kleinhans, D. and Peinke, J. (2011), Atmospheric tur-
bulence and its influence on the alternating loads on wind turbines,
Wind Energ., 14: 301*316. doi: 10.1002/we.422

DY 32.11 Wed 18:15 BH-N 243
Describing the heat transport of turbulent Rayleigh-Bénard
convection by POD methods — ∙Johannes Lülff — WWU Mün-
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ster
Rayleigh-Bénard convection, which is the buoyancy-induced movement
of a fluid enclosed between two horizontal plates, is an idealized setup
to study thermal convection. We analyze the modes that transport
the most heat between the plates by calculating the proper orthogonal
decomposition (POD) of numerical data. Instead of the usual POD
ansatz of finding modes that describe the energy best, we developed a
method that is optimal in describing the heat transport. Thereby, we
can determine the modes with the major influence on the heat trans-
port and the coherent structures in the convection cell. We also show
that in lower-dimensional projections of numerical convection data, the
new developed modes perform consistently better than the standard
modes.

DY 32.12 Wed 18:30 BH-N 243
2d-LCA - a new highly resolving anemometer — ∙Jaroslaw
Puczylowski, Michael Hölling, and Joachim Peinke — Univer-
sity of Oldenburg / ForWind - Center for Wind Energy Research, Old-
enburg, Germany

The 2d-Laser Cantilever Anemometer (2d-LCA) is a recently devel-
oped sensor for two-dimensional velocity measurements in fluids. It
uses a mico-structured cantilever as a sensing element, which allows
for extremely high resolved measurements. Hence, spatial structures
of 140micrometer can be resolved at temporal resolutions of about
100kHz. The 2d-LCA can be applied in the same way as commer-
cial x-wires, however, it can also be used in particle-laden flows and
liquids. In addition, the angular acceptance range of the 2d-LCA com-
prises 90∘, whereas standard x-wires are limited to 45∘. Comparative
measurements with the 2d-LCA and an x-wire have been carried out
in a laboratory-generated turbulent wake flow. The data sets of both
measurement techniques were analyzed using same stochastic methods.
These include spectral analyses, inspection of velocity increments and
analyses of extended self-similarity (ESS). Furthermore, key parame-
ters, such as characteristic lengths, mean values of velocity and angles
of attack were determined from both data sets. The evaluation shows
great agreement between both anemometers. Therefore, we are able to
show that the 2d-LCA is capable of providing data that is consistent
with established sensors and theory.

DY 33: Critical Phenomena and Phase Transitions

Time: Wednesday 15:00–18:15 Location: BH-N 334

DY 33.1 Wed 15:00 BH-N 334
Fragmentation of fractal random structures — Eren M. Elçi,
∙Martin Weigel, and Nikolaos G. Fytas — Applied Mathematics
Research Centre, Coventry University, Coventry, CV1 5FB, England
We analyze the fragmentation behavior of random clusters on the lat-
tice under a process where bonds between neighboring sites are succes-
sively broken. Modeling such structures by configurations of a gener-
alized Potts or random-cluster model allows us to discuss a wide range
of systems with fractal properties including trees as well as dense clus-
ters. We present exact results for the densities of fragmenting edges
and the distribution of fragment sizes for critical clusters in two di-
mensions. Dynamical fragmentation with a size cutoff leads to broad
distributions of fragment sizes. The resulting power laws are shown to
encode characteristic fingerprints of the fragmented objects.

DY 33.2 Wed 15:15 BH-N 334
True asymptotics of self-avoiding walks on 3D percolation
clusters. — ∙Niklas Fricke and Wolfhard Janke — Institut
für Theoretische Physik and Centre for Theoretical Sciences (NTZ),
Universität Leipzig, Postfach 100920, 04009 Leipzig, Germany
We study self-avoiding walks on three-dimensional critical percolation
clusters using a new exact enumeration method. It overcomes the
exponential increase in computation time by exploiting the clusters’
fractal nature. We enumerate walks of over 104 steps, far more than
has ever been possible. We found the scaling exponent 𝜈 for the end-
to-end distance to be smaller than previously thought and the same
on backbones and full clusters. Furthermore, we find strong evidence
against the widely assumed scaling law for the average number of con-
formations and propose an alternative, which perfectly fits our data.

N. Fricke and W. Janke, arXiv:1410.5960, to appear in PRL (in print).

DY 33.3 Wed 15:30 BH-N 334
To return or not to return? Phase transition to transience
and congestion in random walks and queueing systems —
∙Andreas Sorge1,2,4, Jan Nagler3,4, Stephan Herminghaus1,2,
and Marc Timme1,2,4 — 1MPI for Dynamics and Self-Organization,
Göttingen, Germany — 2Institute for Nonlinear Dynamics, Georg-
August-Universität Göttingen, Germany — 3Computational Physics,
IfB, ETH Zürich, Switzerland — 4Organization for Research on Com-
plex Adaptive Systems (or-cas), Göttingen, Germany
Will a random walker ever return to where she started, and keep re-
turning forever? When we are unaware of the law governing the walk,
wisdom has it that we cannot infer recurrence from a finite-time sam-
ple trajectory. In 1890, Henri Poincaré introduced the very idea of
such recurrences as a stability criterion. This criterion also applies
to stochastic dynamical systems: By tuning the system parameter, a
random walk loses recurrence and becomes unstable at a critical point.
Intriguingly, this constitutes a phase transition to transience in Marko-
vian systems. Here, we present a practical method to determine the

critical point and the critical exponents of such systems in Monte-
Carlo simulations. We also introduce the freely available Python im-
plementation for effective and reproducible use of our method. Our
findings and tools may be helpful in computational studies of stochas-
tic systems, in particular queueing systems and dynamical congestion
phenomena.

DY 33.4 Wed 15:45 BH-N 334
On the mixing of the single-bond dynamics for the random-
cluster model — ∙Eren M. Elçi1, Timothy Garoni2, Andrea
Collevecchio2, and Martin Weigel1 — 1Applied Mathematics Re-
search Centre, Coventry University, Coventry, CV1 5FB, England —
2School of Mathematical Sciences, Monash University, Victoria, 3800,
Australia
The Markov Chain Monte Carlo method is a ubiquitous tool in Sta-
tistical Physics. It is standard lore that close to a point of a second-
order phase transition a phenomenon called critical slowing down ham-
pers efficient sampling. A major breakthrough in reducing this slow-
ing down for the random-cluster model has been the invention of the
Swendsen-Wang-Chayes-Machta algorithm. Recently, however, it has
been shown, that local chains can be as or even more efficient than non-
local chains. Examples are the Worm algorithm for the Ising model and
the single-bond dynamics for the random-cluster model. We present
results of a numerical study of the coupling time of the single-bond
chain dynamics for the random-cluster model. A careful analysis al-
lows us to obtain high-precision (upper) bounds for auto-correlation,
relaxation and mixing times for both critical and off-critical tempera-
tures on square and simple-cubic lattices. The numerical results give
strong evidence in favor of the rapid-mixing property of the single-
bond dynamics for the random-cluster model, both at a second-order
phase transition and off criticality. Furthermore we also present, to our
knowledge, a novel heuristic method for detecting a first-order phase
transition in the coupling-time distribution.

DY 33.5 Wed 16:00 BH-N 334
Nonstandard Finite-Size Scaling at First-Order Phase Transi-
tions with Macroscopic Low-Temperature Phase Degeneracy
— Marco Mueller1, Desmond A. Johnston2, and ∙Wolfhard
Janke1 — 1Institut für Theoretische Physik, Universität Leipzig,
Postfach 100 920, 04009 Leipzig, Germany — 2Department of Mathe-
matics, School of Mathematical and Computer Sciences, Heriot-Watt
University, Edinburgh EH14 4AS, Scotland, UK
We show that the standard inverse system volume scaling for finite-size
corrections at a first-order phase transition (i.e., 1/𝐿3 for an 𝐿×𝐿×𝐿
lattice in 3𝐷) is transmuted to 1/𝐿2 scaling if there is an exponen-
tial low-temperature phase degeneracy. The gonihedric Ising model
which has a four-spin interaction, plaquette Hamiltonian provides an
exemplar of just such a system. We use multicanonical Monte Carlo
simulations of this model to generate high-precision data which pro-
vides strong confirmation of the nonstandard finite-size scaling law.
The dual to the gonihedric model, which is an anisotropically coupled
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Ashkin-Teller model, has a similar degeneracy and also displays the
nonstandard scaling behaviour. A suitable “fuki-nuke” type order pa-
rameter and further potential applications of the transmuted finite-size
scaling law will be briefly discussed.
M. Mueller, W. Janke, D.A. Johnston, Phys. Rev. Lett. 112 (2014)
200601;
M. Mueller, D.A. Johnston, W. Janke, Nucl. Phys. B 888 (2014) 214.

DY 33.6 Wed 16:15 BH-N 334
Phase transition of films in the Ising universality class —
∙Martin Hasenbusch — Humoldt-Universität zu Berlin, Deutsch-
land
We study the phase transition of films with free and periodic bound-
ary conditions. To this end we perform Monte-Carlo simulations of the
Ising and the Blume-Capel model on the simple cubic lattice. Using a
finite size scaling method, we determine accurately the transition tem-
perature for thicknesses up to 𝐿0 = 64. Since the transition is expected
to share the universality class of the two-dimensional Ising model we
can make use of exact and accurate numerical results obtained for this
model. Our numerical results nicely confirm that the transition of the
films indeed belongs to the universality class of the two-dimensional
Ising model. We analyse how the transition temperature of the films
approaches the transition temperature of the bulk system as the thick-
ness increases. We confirm the power law behaviour predicted by finite
size scaling.

15 min. break

DY 33.7 Wed 16:45 BH-N 334
Quantum phase transitions in networks of Lipkin–Meshkov–
Glick models — ∙Aleksandr Sorokin, Victor Bastidas, and To-
bias Brandes — Technische Universität Berlin, Berlin, Germany
The Lipkin–Meshkov–Glick (LMG) model describes an ensemble of
all-to-all–coupled two-level systems with anisotropic interactions, ex-
hibiting quantum phase transitions. In this contribution we show that
coupling of several LMG systems with the overall Hamiltonian
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gives rise to phases with different collective behaviour. Namely, the
weak-coupling regime corresponds to the paramagnetic phase when
the local field dominates the dynamics, but the local anisotropy leads
to the existence of an exponentially degenerate ground state. In the
strong-coupling regime, the ground state is twofold degenerate and
possesses long-range magnetic ordering.

The calculations were performed in the mean-field (MF) approxi-
mation but taking into account quantum fluctuations around the MF
solution. Within this approach analytical expressions for the ground-
state and excitation energies as well as correlation functions in different
phases were obtained for a network with the ring topology.

For details see [AV Sorokin, VM Bastidas and T Brandes,
Phys. Rev. E 90, 042141 (2014)]

DY 33.8 Wed 17:00 BH-N 334
Hypergeometric extrapolation of the strong coupling pertur-
bation series of the Bose-Hubbard model — ∙Sören Sanders
— Institut für Physik, Carl von Ossietzky Universität, D-26111 Old-
enburg
Critical phenomena occuring at continuous phase transitions render a
(low-order) perturbative description invalid. To overcome this a re-
cently proposed scheme to obtain nonperturbative physics from low-
order perturbation theory utilizing hypergeometric functions is studied
and applied to the quantum phase transition from a Mott insulator to
a superfluid undergone by the Bose-Hubbard model. The well-known
phase diagram is reproduced and critical exponents obtained that are
in remarkable agreement with the universality hypothesis.

DY 33.9 Wed 17:15 BH-N 334
Casimir force scaling functions in 2d Ising systems with open
boundaries: The importance of corner contributions — ∙Fred
Hucht and Felix M. Schmidt — Fakultät für Physik, Universität
Duisburg-Essen, 47048 Duisburg
We consider the two-dimensional square lattice Ising model with free
boundary conditions, aiming at universal critical Casimir force scal-
ing functions. Surprisingly, no closed form solution exists for finite
𝐿‖ × 𝐿⊥ lattices due to the lack of translational invariance in both

directions. However, the exact partition function polynomial can be
efficiently calculated from the determinant of a (4𝐿‖𝐿⊥)-dimensional
sparse matrix using arbitrary-precision integer arithmetics. For infinite
systems, we derive exact expressions for the bulk, surface and corner
free energies at arbitrary temperatures using 𝑞-products [1]. Combin-
ing these results, we derive universal finite-size-scaling functions of the
Casimir force and the residual free energy for different values of the
aspect ratio 𝜌 = 𝐿⊥/𝐿‖. We find a unusual logarithmic divergence
of the residual free energy scaling function at 𝑥 = 𝑡𝐿⊥ → 0, which is
directly related to the logarithmic 𝐿-dependence of the free energy at
criticality predicted by Cardy and Peschel [2].

[1] E. Vernier and J. L. Jacobsen, J. Phys. A: Math. Theor. 45,
045003 (2012).

[2] J. Cardy and I. Peschel, Nucl. Phys. B 300, 377 (1988).

DY 33.10 Wed 17:30 BH-N 334
Thermodynamic properties of two-dimensional colloidal crys-
tals with dipolar interactions — ∙Sven Deutschländer1, To-
bias Horn2, Antonio Manuel Puertas3, Hartmut Löwen2,
Georg Maret1, and Peter Keim1 — 1University of Konstanz, Kon-
stanz, Germany — 2Heinrich-Heine-University Düsseldorf, Düsseldorf,
Germany — 3University of Almeria, Almeria, Spain
Colloidal suspensions provide the possibility to study a variety of clas-
sical many particle systems like glasses, gels, crystals or liquids on
a microscopic scale by means of single particle resolution. Hence,
macroscopically significant thermal and mechanical properties can be
reasoned by the explicit structure and dynamics of the particles. By
colloidal experiments and Monte Carlo simulations, we study the equi-
librium melting scenario of two-dimensional systems with a repulsive
dipole-dipole potential. Our results are largely in agreement with the-
oretical predictions of the continuous KTHNY melting scenario, but
also indicate new prospects which are beyond the microscopic defect
theory.

[1] S. Deutschländer, A. M. Puertas, G. Maret, and P. Keim, Phys.
Rev. Lett. 113, 127801 (2014). [2] S. Deutschländer, T. Horn, H.
Löwen, G. Maret, and P. Keim, Phys. Rev. Lett. 111, 098301 (2013).
[3] T. Horn, S. Deutschländer, H. Löwen, G. Maret, and P. Keim, Phys.
Rev. E 88, 062305 (2013)

DY 33.11 Wed 17:45 BH-N 334
Thermal and nonthermal phase transitions in silicon in-
duced by femtosecond free-electron laser pulse — ∙Nikita
Medvedev1, Zheng Li1,2, and Beata Ziaja1,3 — 1CFEL at DESY,
Notkestr. 85, 22607 Hamburg, Germany — 2University of Hamburg,
20355, Hamburg, Germany — 3Institute of Nuclear Physics, Polish
Academy of Sciences, Radzikowskiego 152, 31-342 Krakow, Poland
Silicon under irradiation with intense femtosecond laser pulses can un-
dergo a phase transition via two different channels: thermal and non-
thermal. The first one occurs if the lattice is heated strongly enough
with electron-phonon coupling to trigger silicon melting, while the
second one results from the modification of the interatomic poten-
tial energy surface by excitation of electrons from the valence to the
conduction band. We developed a model to include both channels.
Tight-binding molecular dynamics (TBMD) is used to model atomic
dynamics with the potential dependent on the state of electronic sys-
tem. Simultaneously, electronic state is traced with the Boltzmann
equation for low-energy electrons (the valence and the bottom of the
conduction band), and with a Monte Carlo model for photoabsorbtion,
high-energy electrons, and deep shell holes.

Our results show that electron-phonon coupling triggers phase tran-
sition into a low-density liquid phase for the deposited doses > 0.65
eV/atom. For deposited doses of over 0.9 eV/atom, silicon undergoes a
phase transition into high-density liquid phase triggered via interplay
of thermal heating and the nonthermal change of the atomic potential.

DY 33.12 Wed 18:00 BH-N 334
Line contribution to the critical Casimir force between
a homogeneous and a chemically stepped surface —
∙Francesco Parisen Toldin1, Matthias Tröndle2,3, and
Siegfried Dietrich2,3 — 1Institut für Theoretische Physik und As-
trophysik, Universität Würzburg, Germany — 2Max-Planck-Institut
für Intelligente Systeme, Stuttgart, Germany — 3IV. Institut für The-
oretische Physik, Universität Stuttgart, Germany
Recent experimental realizations of the critical Casimir effect have
been implemented by monitoring colloidal particles immersed in a bi-
nary liquid mixture near demixing and exposed to a chemically struc-
tured substrate consisting of stripes with alternating adsorption pref-
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erences, forming chemical steps between them. We analyze the contri-
bution of such chemical steps to the critical Casimir force for the film
geometry and within the Ising universality class. By means of Monte
Carlo simulations, mean-field theory, and finite-size scaling analysis we
determine the universal scaling function associated with the contribu-
tion to the critical Casimir force due to individual, isolated chemical
steps facing a surface with homogeneous adsorption preference or with

Dirichlet boundary condition. These results allow one to compute the
critical Casimir force in the presence of arbitrarily shaped, but wide
stripes as a sum of the contributions due to the homogeneous parts
of the surface and due to the chemical steps between the stripes. We
assess this decomposition by comparing the resulting sum with actual
simulation data in the presence of a chemically striped substrate.
Ref: F. Parisen Toldin, M. Tröndle, S. Dietrich, arXiv:1409.5536

DY 34: Nonlinear Dynamics, Synchronization and Chaos - Part II

Time: Wednesday 15:00–16:15 Location: BH-N 128

DY 34.1 Wed 15:00 BH-N 128
Unusually simple way to create spiral wave in an excitable
medium — ∙Vladimir Zykov, Alexei Krechov, and Eberhard
Bodenschatz — Max-Plank-Institute for Dynamics and Selforgani-
zation, Goettingen, Germany
It is demonstrated that a spiral wave can be easy created in a nonuni-
form excitable media where a wave break is due to sufficiently strong
jumps in the diffusion coefficient. Our analytical and numerical results
indicate that in a one-dimensional medium such a inhomogeneity can
result in a unidirectional propagation block. It is also illustrated how
this phenomenon can be used to create spiral wave in a two-dimensional
medium with a specific size and geometry of the inhomogeneity. It is
important to stress that following this way the spiral wave is created
simply after a single excitation stimulus while others known methods
need at least two stimuli.

DY 34.2 Wed 15:15 BH-N 128
Entraining and eliminating spiral waves in excitable media
by secondary excitations — ∙T K Shajahan, Sebastian Berg,
and Stefan Luther — Max Planck Institute for Dynamics and Self
Organization, Am Fassberg, Göttinegn, Germany
Excitable media comprises of a wide variety of physical, chemical, and
biological systems made of coupled networks of excitable elements.
Heart is an example of an excitable medium; the individual cardiac my-
ocytes have a characteristic response, the action potential, to an exter-
nal stimulus. Such excitations in a two-dimensional medium can form
traveling wave patterns including spiral waves and target waves. These
patterns in a physiological system have implications for the healthy
functioning of the system. For example, spiral waves of cardiac exci-
tation waves in the heart can override the natural rhythm of the heart
and lead to cardiac arrhythmias. We study control and elimination
of spiral waves using secondary excitations in monolayers of cultured
cardiac cells. Free spiral waves can be eliminated with a local electrode
by stimulating the medium at a higher frequency than the spiral. But
this method fails if the spiral is pinned to tissue heterogeneities. A
pinned spiral wave can be controlled by electric field stimulus. Our
theoretical and experimental studies indicate that periodic field stim-
uli at a frequency lower than the spiral frequency is more efficient to
eliminate pinned spiral waves. I will discuss the implications of this
result for low energy defibrillation.

DY 34.3 Wed 15:30 BH-N 128
Exact linearization of nonlinear optimal trajectory tracking
problems — ∙Jakob Löber — Institut für Theoretische Physik, TU
Berlin
We consider the task of forcing a phase space trajectory of an affine dy-
namical system as closely as possible along a desired trajectory. Using
the regularization parameter of an appropriately formulated optimal

control problem as the small parameter, we develop a perturbation
approach which allows to interpret a singular optimal control problem
as a singularly perturbed system of ODEs. Surprisingly, for a certain
class of nonlinear control systems as e.g. one-dimensional mechanical
systems, the perturbative treatment of this ODE reduces to exclu-
sively linear equations. The nonlinearity is eaten by the control while
the solution for the controlled trajectories, being independent of the
nonlinearity, is universal for the control system at hand.

DY 34.4 Wed 15:45 BH-N 128
Route to chaos in optomechanics — Lutz Bakemeier,
∙Andreas Alvermann, and Holger Fehske — Institut für Physik,
Ernst-Moritz-Arndt-Universität, Felix-Hausdorff-Str. 6, 17487 Greif-
swald
We establish the emergence of chaotic motion in optomechanical sys-
tems. Chaos appears at negative detuning for experimentally acces-
sible values of the pump power and other system parameters. We
describe the sequence of period doubling bifurcations that leads to
chaos, and state the experimentally observable signatures in the opti-
cal spectrum. In addition to the semi-classical dynamics we analyze
the possibility of chaotic motion in the quantum regime. We find that
quantum mechanics protects the optomechanical system against irreg-
ular dynamics, such that simple periodic orbits reappear and replace
the classically chaotic motion. In this way observation of the dynamical
signatures makes it possible to pin down the crossover from quantum
to classical mechanics.

DY 34.5 Wed 16:00 BH-N 128
Quantum synchronization of driven self-sustained oscillators
— ∙Christoph Bruder1, Andreas Nunnenkamp1,2, and Stefan
Walter1,3 — 1Department of Physics, University of Basel, Klingel-
bergstr. 82, CH-4056 Basel — 2Cavendish Laboratory, J J Thomson
Avenue, Cambridge CB3 0HE — 3Institute for Theoretical Physics,
Universität Erlangen-Nürnberg, Staudtstr. 7, D-91058 Erlangen
Synchronization is a universal phenomenon that is important both in
fundamental studies and in technical applications. Here we study syn-
chronization of two dissipatively coupled Van der Pol oscillators in the
quantum regime and analyze synchronization in terms of frequency
entrainment and frequency locking [1]. Due to quantum noise strict
frequency locking is absent and is replaced by a crossover from weak
to strong frequency entrainment. The differences to the behavior of
one quantum Van der Pol oscillator subject to an external drive [2] are
discussed. Moreover, a possible experimental realization of two cou-
pled quantum Van der Pol oscillators in an optomechanical setting is
described.

[1] S. Walter, A. Nunnenkamp, and C. Bruder, Ann. Phys. DOI:
10.1002/andp.201400144 (2014)

[2] S. Walter, A. Nunnenkamp, and C. Bruder, Phys. Rev. Lett.
112, 094102 (2014)
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DY 35: Complex Fluids and Soft Matter - Part I (joint session DY/ CPP / BP)

Time: Wednesday 15:00–16:45 Location: BH-N 333

DY 35.1 Wed 15:00 BH-N 333
Particle segregation in a sedimenting bidisperse soft sphere
system — Matthias Kohl and ∙Michael Schmiedeberg — In-
stitut für Theoretische Physik II: Weiche Materie, Heinrich-Heine-
Universität Düsseldorf, 40204 Düsseldorf, Germany
We explore the sedimentation process of a binary soft colloidal sphere
system. In case of large overlaps of the particles the segregation
dynamics differs significantly from that of hard particles. By using
Brownian dynamics simulations and theoretical predictions, we find
new complex states [1]. For example, multiple-phase-stackings where
large particles gather both at the top and the bottom of the system
or metastable network-like structures occur. We analyze the compre-
hensive dynamics of the segregation process. Usually, we observe a
multiple-step process: First there is local segregation, then clusters
are formed, and finally the clusters sink to their equilibrium position.

[1] M. Kohl and M. Schmiedeberg, Soft Matter 10, 4340 (2014).

DY 35.2 Wed 15:15 BH-N 333
Suppression of Ostwald Ripening by Chemical Reactions in
Active Emulsions — ∙David Zwicker1,2, Anthony A. Hyman3,
and Frank Jülicher2 — 1Harvard University, Cambridge MA, USA
— 2Max Planck Institute for the Physics of Complex Systems, Dres-
den, Germany — 3Max Planck Institute of Cell Biology and Genetics,
Dresden, Germany
Ostwald ripening is a coarsening process of droplets in an emulsions
that is driven by the surface tension of the droplets. This coarsening
must be suppressed to stabilize emulsions, e.g. to control the prop-
erties of pharmaceuticals, food, or cosmetics. Ostwald ripening must
also be suppressed in biological cells, which contain liquid-like com-
partments, e.g. germ granules, Cajal-bodies, and centrosomes. Such
systems are often driven away from equilibrium by chemical reactions
and can thus be described as active emulsions.

Here, we show that non-equilibrium chemical reactions can suppress
Ostwald Ripening, leading to stable, monodisperse emulsions. Using
a coarse-grained description of the droplet dynamics, we derive ana-
lytical approximations of the typical droplet size, droplet count, and
time scale of the dynamics. We also compare these results to numerical
simulations of the continuous concentration fields. We thus show how
chemical reactions can be used to stabilize emulsions and control their
properties.

DY 35.3 Wed 15:30 BH-N 333
Binary mixtures of hard rod–like colloids: mesoscopic equi-
librium theory and shear-driven instabilities — ∙Rodrigo
Lugo Frias and Sabine Klapp — Institut für Theoretische Physik,
Technische Universität Berlin, Hardenbergstr. 36, 10623 Berlin, Ger-
many
Mixtures of rod–like particles occur in a wide range of biological con-
texts and technological applications, and their equilibrium phase be-
havior has been intensely studied in recent years. Here we investigate a
binary mixture of rod–like colloidal particles driven out of equilibrium
by means of a steady shear flow (Couette geometry).

Using classical density functional theory (DFT), we first derive a
mesoscopic free energy functional for a mixture of hard spherocylin-
ders with different length–to–length ratio in terms of tensorial order
parameters that describe their alignment. The resulting free energy
displays a strong dependence on the microscopical properties of the
system. Based on the equilibrium analysis, we then discuss the dynam-
ical behavior of the mixture using a natural extension of the mesoscopic
Doi–Hess theory. In particular we analyze the orientational dynamics
under shear for varying shear rate, concentration and aspect ratio.
[1] F. Tardani, L. Gentile, G. A. Ranieri and C. La Mesa, J. Phys.
Chem. C, 117, 8556 (2013).
[2] S. Hess, Z.Naturforsch. A 31a, 1034 (1976). M. Doi, J.Polym. Sci.,
Polym. Phys. Ed. 19, 229 (1981).
[3] R. Lugo-Frias and S. H. L. Klapp, in preparation (2015).

DY 35.4 Wed 15:45 BH-N 333
Dynamics of the Critical Casimir Effect in a Binary Fluid
— ∙Sutapa Roy, Felix Höfling, and S. Dietrich — Max-Planck-
Institut für Intelligente Systeme, Stuttgart and Institut für Theoreti-

sche Physik IV, Universität Stuttgart, Germany
A binary fluid mixture near its consolute point exhibits critical fluc-
tuations of the local composition. While the static properties of the
mixture are well described by the 3D Ising universality class [1], the dy-
namic properties involving conservation of particle number and concen-
tration, energy, and momentum are classified as model 𝐻′ [2]. Confine-
ment of critical fluctuations in such a mixture leads to critical Casimir
forces (CCF) [3] acting on the confining surfaces.

We present results for the CCF in a symmetric binary Lennard-Jones
model fluid, confined in a slit pore, close to its bulk critical point. Uti-
lizing the computing resources of GPUs [4], molecular dynamics (MD)
simulations were performed for system sizes of up to 216,000 particles
and 5 orders of magnitude in time which is well beyond common com-
putational efforts. Our results from MD and Monte Carlo simulations,
for various static and dynamic quantities, both in bulk and in confine-
ment, are compared to theory and experimental observations.
[1] S.K. Das et al., J. Chem. Phys. 125, 024506 (2006).
[2] P.C. Hohenberg and B.I. Halperin, Rev. Mod. Phys. 49, 435
(1977).
[3] C. Hertlein, L. Helden, A. Gambassi, S. Dietrich and C. Bechinger,
Nature 451, 172 (2008).
[4] P. Colberg and F. Höfling, Comput. Phys. Commun. 182, 1120
(2011).

DY 35.5 Wed 16:00 BH-N 333
Simulating many-body Casimir interactions in colloidal sus-
pensions — ∙Hendrik Hobrecht and Fred Hucht — Fakultät für
Physik, Universität Duisburg-Essen and CENIDE, 47048 Duisburg
We study the fluctuation-induced (Casimir) interactions in colloidal
suspensions, especially between colloids immersed in a binary liquid
close to its critical demixing point for two-dimensional systems. To
simulate those systems, we present a Monte Carlo cluster algorithm
based on geometric symmetries of the Hamiltonian. Utilizing the prin-
ciple of universality, the suspension is represented by an Ising system
while the colloids are areas of spins with fixed orientation. Our re-
sults for the Casimir interaction potential between two particles agree
quantitatively with the theoretical predictions [1], where we find that
the behavior depends strongly on whether the order parameter is hold
fixed or is allowed to fluctuate. Finally we present our results for the
three-body interaction Casimir potential.

[1] T. W. Burkhardt and E. Eisenriegler, Phys. Rev. Lett. 74 (1995)
3189.

DY 35.6 Wed 16:15 BH-N 333
Flow induced deflection of a liquid-crystal topological defect
— Tillmann Stieger1, Martin Schoen1, and ∙Marco G. Mazza2

— 1Technische Universität Berlin — 2Max-Planck-Institut für Dy-
namik und Selbstorganisation
We perform nonequilibrium molecular dynamics simulations of a ne-
matic liquid crystal flowing around a colloidal particle. We study the
flow-induced modifications of the Saturn ring defect and the surface
ring defect in the liquid crystal. By varying the strength of the in-
teraction between liquid crystal and colloid we can produce Saturn
rings of different sizes. We study the deflection of the topological de-
fect as a function of applied stress, and find a linear, that is Hookean,
stress-strain dependence. We relate this finding to the elastic proper-
ties of the nematic liquid crystal and to the properties of the core of
the topological defect.

DY 35.7 Wed 16:30 BH-N 333
Modeling drying droplets on porous substrates — ∙Christian
Diddens1, Hans Kuerten1, Cees van der Geld1, and Herman
Wijshoff1,2 — 1Eindhoven University of Technology, The Nether-
lands — 2Océ Technologies B.V., Venlo, The Netherlands
We investigate the drying of an inkjet-printed picoliter droplet on a
porous substrate in the framework of a numerical model. The evolu-
tion of the droplet is governed by evaporation at the liquid-air interface
and absorption of the liquid into the porous substrate.

When a binary mixture is considered, an interplay of preferential
evaporation, composition-dependent viscosity and the absorption dy-
namics can interestingly result in a slower drying for faster evaporation
rates.
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Since solute particles and their deposition to the surface are also
taken into account, the present model can be utilized as predictive

tool for deposition patterns in ink-jet printing processes.

DY 36: SYHM Higgs Modes in Condensed Matter and Quantum Gases

Time: Wednesday 15:00–17:45 Location: H 0105

Invited Talk DY 36.1 Wed 15:00 H 0105
Amplitude or Higgs Modes in Condensed Matter — ∙Chandra
Varma — University of California, Riverside, CA, USA
Spurred by some strange experimental observations in some supercon-
ductors, the theory of a new collective mode in superconductors and
how it can be experimentally found under certain circumstances was
provided in 1981. It was called the “Amplitude Mode” to distinguish it
from the “Phase Modes” which provide Josephson effects and which in
homogeneous superconductors are coupled to charge fluctuations and
are at the energies of the plasmons. More generally, this mode is the
amplitude mode of a particle-hole symmetric U(1) field, i.e., the model
treated by Higgs and others in the 1960’s whose generalizations have
played an important role in the standard model of particle physics.

I will tell the story of the above and why such modes were missed
in the theory of superconductivity for so long and the applications of
the ideas about such modes for cold bosons and fermions in optical
lattices and in quantum anti-ferromagnets. I will also comment, as
a very interested outsider and an enthusiast, on the Higgs in particle
physics being discovered at LHC from the point of view of the theory
of superconductivity.

Invited Talk DY 36.2 Wed 15:30 H 0105
Higgs Particles for Systems with U(1) Symmetry in Two Di-
mensions — ∙Lode Pollet — Arnold Sommerfeld Center, Theoret-
ical Physics, LMU Munich, Germany
We present solid evidence for the existence of a Higgs boson in two-
dimensional relativistic field theories based on analytically continued
results from quantum Monte Carlo simulations of the Bose-Hubbard
model in the vicinity of the superfluid-Mott insulator quantum crit-
ical point, featuring emergent particle-hole symmetry and Lorentz-
invariance. The Higgs boson, seen as a well-defined low-frequency res-
onance in the spectral density, is quickly pushed to high energies in the
superfluid phase and disappears by merging with the broad secondary
peak at the characteristic interaction scale. Simulations of a trapped
system of ultra-cold Rb-87 atoms demonstrate that the low-frequency
resonance feature is lost for typical experimental parameters, while the
characteristic frequency for the onset of strong response is preserved.
We compute the universal scaling function and comment on the agree-
ments and disagreements with three dimensions and observations of
Higgs particles in more traditional solid state experiments.

Invited Talk DY 36.3 Wed 16:00 H 0105
Massive Photons and the Anderson-Higgs Mechanism in Su-
perconductors — ∙Dirk van der Marel — University of Geneva,
Geneva, Switzerland
When we tune the temperature or the pressure of a solid transitions
can occur between different states of matter. Usually such a phase
transition is accompanied by a symmetry breaking and the emergence
of one or several collective modes of the material. A superconducting
gap has collective oscillations of its amplitude -equivalent to the Higgs
particle- and of its phase. As shown by Anderson in 1958, coupling
to the electromagnetic field creates an energy gap in the longitudinal
oscillations of the charge density, and in the transverse oscillations of
mixed photon-matter character. The energy-momentum dispersion of
the latter can be measured experimentally, and reveals the mass ac-
quired by the photons due the coupling to the superconducting order
parameter. In certain superconductors two or more condensates coex-
ist. Weak coupling between the condensates gives rise to the so-called

Leggett-exciton, and the coupling to the electromagnetic field makes
that two or more massive photon-branches coexist. Experimental ex-
amples of this will be discussed in this talk.

15 min. break.

Invited Talk DY 36.4 Wed 16:45 H 0105
Amplitude Higgs Mode in 2𝐻-NbSe2 Superconductor —
∙Marie-Aude Méasson1, Romain Grasset1, Yann Gallais1, Max
Cazayous1, Alain Sacuto1, Pierre Rodière2, and Laurent
Cario3 — 1LMPQ, Universite Paris 7-CNRS, France — 2Institut
Neel, Grenoble, France — 3IMN, Universite de Nantes, France
When a spontaneous breaking of a continuous symmetry takes place,
as happens during a superconducting transition, collective excitations
such as the amplitude Higgs mode of the order parameter emerge. The
existence of such Higgs mode was proposed in the charge density wave
(CDW) superconductor (SC) 2𝐻-NbSe2, after the first experimental
observation by Raman scattering. The Higgs mode could be unraveled
via its coupling to the coexisting charge density wave mode. We will
address here the questions of the nature of this mode as well as the
mechanism of its observability.

We report experimental evidences for the Higgs mode scenario in
2𝐻-NbSe2 using Raman scattering. By comparing 2𝐻-NbSe2 and
its iso-structural partner 2𝐻-NbS2 which shows superconductivity but
lacks the charge density wave order and by destroying the coexisting
CDW order under high pressure in 2𝐻-NbSe2, we demonstrate that
the superconducting mode owes its spectral weight to the presence of
the coexisting charge density wave order. In addition a full spectral
weight transfer between both modes operates in 2𝐻-NbSe2 upon enter-
ing the superconducting phase. All these observations are consistent
with a superconducting Higgs mode. Intriguing symmetry dependent
results under pressure will be discussed.

Invited Talk DY 36.5 Wed 17:15 H 0105
The Higgs Mode in Disordered Superconductors Close to
a Quantum Phase Transition — ∙Aviad Frydman1, Daniel
Sherman1,2, Uwe S. Pracht2, Boris Gorshunov2,3, and Mar-
tin Dressel2 — 1Department of Physics, Bar Ilan University, Ramat
Gan, 52900, Israel — 2Physikalisches Institut, Universität, Stuttgart,
70550 Stuttgart, Germany — 3Moscow Institute of Physics and Tech-
nology, 141700, Dolgoprudny, Moscow Region, Russia
The Higgs theory, which generates mass for elementary particles, was
inspired by screening of magnetic fields in superconductors. It is
somewhat disappointing that in superconductors, the Higgs-amplitude
mode has not yet been observed, partially because it can rapidly de-
cay into unpaired electrons. Nevertheless, recent theories show that
if the Higgs mass could be softened below the pairing gap it should
be visible in two dimensions. Such conditions can be met by tuning a
superconducting film towards a quantum critical point (QCP). We re-
port on spectroscopic studies in the terahertz frequency regime of thin
superconducting films for which the superconductor to insulator tran-
sition (SIT) is tuned by disorder. Tunneling spectroscopy determines
the pairing gap 2Δ which remains finite on both sides of the SIT. In
contrast, the threshold frequency for dynamical conductivity, which in
BCS theory is associated with the gap, vanishes critically toward the
SIT. The excess optical spectral weight below 2Δ is identified as an
unambiguous observation of the Higgs mode in a superconductor.
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DY 37: Fluctuating Electricity Supply: Modelling of Generation, Backup and Storage (joint
session AKE / DY / SOE)

Time: Wednesday 15:00–16:30 Location: A 151

Invited Talk DY 37.1 Wed 15:00 A 151
Fluctuations from photovoltaic and wind power systems
— ∙Detlev Heinemann1, Gerald Lohmann1, Mohammed Reza
Rahimi Tabar2, and Mehrnaz Anvari2 — 1Universität Olden-
burg, Institut für Physik, AG Energiemeteorologie & ForWind —
2Universität Oldenburg, Institut für Physik, AG TWiSt & ForWind
Solar and wind resources vary considerably in time and space, and
changes in their magnitude are almost immediately translated into
output power variations of wind and solar power plants. Analyzing
the stochastic properties of wind and solar resources in different tem-
poral and spatial scales is therefore a necessary step towards a proper
representation of these contributions to large scale power systems.

This presentation describes known stochastic properties of wind and
solar resources as well as reports on current studies of (i) their condi-
tional probability distribution functions in different time lags and (ii)
increment statistics of large-scale wind and solar production.

Conditional distribution functions show severe deviations from
Gaussian statistics and possess positive skewness, while the risk of
flickering events in both wind and solar generally increases with pa-
rameters as wind speed and solar elevation, respectively. Spatial av-
eraging significantly influences this behavior. The comparison of wind
and solar power fluctuations is strongly affected by the presence of a
deterministic contribution in the solar part. Applying a detrending
approach for the solar data results in an significant improvement of
the solar increment statistics.

DY 37.2 Wed 15:30 A 151
Facing Europe: Revised wind power upscaling algorithms —
∙Bruno Schyska, Lüder von Bremen, and Alexander Kies —
University Oldenburg - ForWind, Oldenburg, Germany
In the wind energy sector, upscaling models are used to estimate the to-
tal wind energy production within a certain region from a small number
of reference sites. Each reference site is considered to be representative
for a certain sub-region. Upscaling models therefore include selection
schemes for the reference sites as well as statistical, partly non-linear,
models to estimate the energy production in the sub-regions. Until
now, upscaling models are mainly used on country level. For larger
areas such as Europe no operational model and no research model
exist.

In this study, revised upscaling models for the estimation of near
real-time wind energy production in Europe are presented. These
models include different approaches for the estimation of the energy
production in the sub-regions as well as different selection schemes for
the reference sites using cluster analyses. Cluster analyses are based
on wind speed data from the MERRA reanalysis data set as well as
on the geographical distribution of installed wind energy capacities in
Europe. From the comparison, the selection scheme, which requires
the minimal number of reference sites, is selected for long-term inves-
tigations of the wind energy production in Europe.

DY 37.3 Wed 15:45 A 151
Backup flexibility classes in complex renewable energy net-
works — ∙David Schlachtberger1, Sarah Becker1, Stefan
Schramm1, and Martin Greiner2 — 1Frankfurt Institute for Ad-
vanced Studies, Uni Frankfurt, Frankfurt am Main, Germany —
2Department of Engineering, Aarhus University, Aarhus, Denmark
How large will be the demand for more flexible backup plants in an Eu-
ropean power system with an increasing share of fluctuating renewable
energies? We use eight years of high resolution weather-based wind

and solar power generation data to split the backup systems required
to cover the residual load into three flexibility classes for daily, weekly,
and seasonal time-scales. They are distinguished by the maximum
rates of change of their power output. We find that a large fraction
of seasonally and weekly flexible backup systems can no longer be rea-
sonably integrated above a penetration of renewables of around 50%
and 90% of the mean load, respectively. We also find that the total
required backup capacity can only be reduced if countries share their
excess generation and backup power.

DY 37.4 Wed 16:00 A 151
Dimensioning the Minimal Storage Needs in Renewable
Power Systems — ∙Stefan Weitemeyer, David Kleinhans, and
Carsten Agert — NEXT ENERGY · EWE Research Centre for En-
ergy Technology at the University of Oldenburg, Germany
Integrating a high share of electricity from non-dispatchable Renew-
able Energy Sources (RES) in a power supply system is a challenging
task; it will likely require large-scale installations of costly storage ca-
pacities.

We present a modelling approach to investigate which storage char-
acteristics are most adequate for scenarios with high shares of RES.
Adapted from an optimization approach, the model allows to system-
atically study the influence of important storage parameters (size, ef-
ficiency, power) on the integration of RES. In particular, the implica-
tions of simultaneously using multiple storage classes in combination
with fossil back-up power plants can be investigated.

Applying our model to data for Germany, our simulations show how
an extensive integration of RES requires different storage characteris-
tics during different phases of the pathway towards a 100% RES sce-
nario. The results also imply that a balance between installing storage
capacities and additional generation capacities is required.

DY 37.5 Wed 16:15 A 151
The temporal development of storage needs in the European
energy transition — ∙Alexander Kies, Lüder von Bremen, and
Bruno Schyska — ForWind, Universität Oldenburg, Oldenburg
Europe is on the way towards a highly renewable energy system. In
2012 23.5% of the gross electricity consumption in the EU-28 was
produced from renewable sources. This share is expected to increase
further up to very high penetration levels close to 100% in the next
decades. To ensure reliability and stability of the power system several
solutions to the generation-load-mismatch problem have been proposed
like over-installation of renewables, transmission capacity extensions
and the use of storages. In this work we investigate the development of
storage needs in 34 European countries for different transmission grid
scenarios until 2050. A large weather data set with a spatial resolution
of 7 x 7 km and a hourly temporal resolution covering Europe is used
to model the fluctuating feed-in from the renewables, i.e. wind, photo-
voltaics, hydro, concentrated solar power and wave. Additionally the
controllable renewable generation types biomass and geothermal were
considered. Starting from the renewable shares in the year 2012 we
model the increase in renewable capacities in a linear and a logistic
way until levels of 100% in 2050 for different transmission grid sce-
narios and calculate the storage needs for every year. The remaining
generation shares to cover the load are assumed to come from conven-
tional generation. We show that storage needs are unlikely to grow
rapidly until 2030, but thereafter are of high importance. However,
this process can be slowed down considerably by transmission grid
extensions.
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DY 38: Wetting, Micro and Nanofluidics (joint session CPP/ DY)

Time: Wednesday 15:00–18:15 Location: C 243

DY 38.1 Wed 15:00 C 243
Lateral adhesion force of superhydrophobic surfaces — ∙Doris
Vollmer, Dominik Pilat, Nan Gao, Periklis Papadopoulos,
Frank Schellenberger, Rüdiger Berger, and Hans-Jürgen
Butt — MPI for Polymer Research, Mainz, Germany
We designed an instrument to measure the lateral adhesion force of
drops on surfaces (1). The forces required to slide a sessile drop over
a surface was measured by means of the deflection of a capillary that
stuck in the drop. This allows the investigation of the dynamic lat-
eral adhesion force of water drops on superhydrophobic surfaces. The
movement of the drop relative to the surfaces enabled us to resolve
the pinning of the three-phase contact line. This was related to the
shape of the drop profile, which was recorded by video microscopy.
The lateral adhesion of a drop on a superhydrophobic pillar array was
quantified in dependence of pillar spacing and drop velocity.

(1) D.W. Pilat, P. Papadopoulos, D. Schaeffel, D. Vollmer, R.
Berger, and H.-J. Butt, Langmuir 2012, 28, 16812.

DY 38.2 Wed 15:15 C 243
Drying and Wetting transitions on irregular rough substrates.
— ∙Segun Gideon Ayodele, Ciro Semprebon, Renaud Dufour,
Stephan Herminghaus, and Martin Brinkmann — Max-Planck In-
stitut für Dynamik und selbstorganisation, 37077 Göttingen.
Drying and wetting transitions on non-flat solids of homogeneous wet-
tability are studied employing a sharp interface model. Interfacial
configurations in the Grand canonical ensemble and corresponding nu-
merical energy minimizations for a non-zero microscopic contact angle
are compared to predictions based on the statistical model proposed in
Refs. [1,2]. This mean field model considers exclusively local descrip-
tors of the substrate topography such as the distribution of heights,
as well as averages of the slope and its square at a given height. In
contrast to the continuous desorption isotherm of a zero microscopic
contact angle, we observe an increasingly discontinuous decay of the
average film thickness in our numerical simulations during a desorp-
tion as the microscopic contact angle is increased. The pressure of
the final drying transition as observed in the simulated annealing and
numerical energy minimization is in agreement with predictions of the
‘Wenzel prewetting’ transition in the mean field model [1,2].

1. S. Herminghaus, Eur. Phys. J. E 35, 43 (2012).
2. S. Herminghaus, Phys. Rev. Lett., 109,236102 (2012).

DY 38.3 Wed 15:30 C 243
Dynamic Trapping of Sliding Drops on Wetting Defects —
∙Andrea Cavalli1, Michiel Musterd2, Rudy Lagraauw1, Di-
eter ’t Mannetje1, Dirk van den Ende1, and Frieder Mugele1

— 1University of Twente, MESA+ Institute for Nanotechnology;
Physics of Complex Fluids, Enschede, The Netherlands — 2Delft Uni-
versity of Technology, Delft, The Netherlands
We present a numerical analysis of the dynamic interaction of sliding
drops on an inclined plate with wetting defects. Our three-dimensional
model, developed with OpenFOAM allows us to describe intertial and
viscous effects, as well as the internal degrees of freedom of the droplet.
We observe that the ability of a drop to deform and stretch enhances
the strenght and range fo the wetting defect, as compared to a sim-
plified analytic description of a non-deformable drop. Yet, the key
physical parameters, namely the ration between trapping strength and
driving force as well as the ratio between interial and viscous time scale
prevail as governing control parameters. We further investigate the role
of the strength, size and steepness of the wetting defect in retaining
the drop. Finally, we compare our simulations with trapping experi-
ments on electrowetting obstactles. The quantitative agreement shows
that the trapping of sliding drops follows a universal behavior, which
is largely independent of the specific nature of the defect.

DY 38.4 Wed 15:45 C 243
Sub-nanometric substrate structural changes enhance the
solid/liquid slip boundary condition — ∙Joshua McGraw,
Antoine Bridet, Samuel Grandthyll, Hendrik Hähl, Frank
Müller, and Karin Jacobs — Experimental Physics, Saarland Uni-
versity, 66041 Saarbrücken, Germany
Alkylsilane self-assembled monolayers (SAMs) have long been used as
model substrates for their ease of preparation and hydrophobic prop-

erties. We have long observed that these monolayers also provide a
slip boundary condition for dewetting polymer films, and that the slip
condition is switchable if the alkyl chain length is changed (from 12 to
18 backbone carbons, for example). Typically, this change is affected
in a quantized way, using one or the other chain length, thus obtaining
one or the other slip condition. It has been suggested that the spe-
cific structure of the resulting SAM controls the slip condition. Here,
we present results in which this structure is changed in two continu-
ous ways. First, we prepare SAMs containing bidisperse mixtures of
alkyl silanes, with the composition as a control parameter. Second, we
thermally anneal the SAMs, resulting in an irreversible loss of carbon
from the monolayer. In both cases, we find an enhanced slip condition
which is tuneable over a certain range.

DY 38.5 Wed 16:00 C 243
Universal Regimes in the Relaxation of Stepped Liquid In-
terfaces near Contact Lines — ∙Marco Rivetti1, Thomas
Salez2, Michael Benzaquen2, Elie Raphael2, and Oliver
Baeumchen1 — 1Max Planck Institute for Dynamics and Self-
Organization (MPIDS), 37077 Goettingen, Germany — 2Laboratoire
de Physico-Chimie Theorique, UMR 7083 CNRS & ESPCI ParisTech,
Paris, France
A liquid droplet on a perfectly smooth surface wets or dewets the
substrate according to the difference between initial and equilibrium
contact angles [1]. Such a scenario, however, becomes less intuitive
whenever the initial shape of the interface is non-spherical. Indeed,
the capillary-driven relaxation of the liquid surface may be in com-
petition with the relaxation of the contact angle at the three-phase
contact line. Here, we study the dynamics of stepped interfaces of thin
polystyrene films on hydrophilic substrates. Annealing the polymeric
film above its glass transition temperature induces flow which is pre-
cisely monitored using ex- and in-situ atomic force microscopy. Both
pinned and receding contact line regimes are observed. Rescaling with
regard to the viscosity, surface tension and film thickness collapses the
data on a master curve, providing a universal time for the transition
between both regimes. In addition, we prove that the pinned interface
exhibits self-similar height profiles which are captured by a thin film
model in lubrication approximation [2].

[1] S.L.Cormier et al, PRL 109, 154501 (2012); [2] J.D.McGraw et
al, PRL 109, 128303 (2012)

DY 38.6 Wed 16:15 C 243
Dynamic Contact Angle of a Soft Linear Viscoelastic Solid
— ∙Stefan Karpitschka1, Siddhartha Das2, Mathijs van
Gorcum1, Hugo Perrin3, Bruno Andreotti3, and Jacco H.
Snoeijer1,4 — 1Physics of Fluids Group, Faculty of Science and Tech-
nology, Mesa+ Institute, University of Twente, 7500 AE Enschede,
The Netherlands — 2Department of Mechanical Engineering, Univer-
sity of Maryland, College Park, MD 20742, USA — 3Physique et Mé-
canique des Milieux Hétérogènes, UMR 7636 ESPCI -CNRS, Univ.
Paris-Diderot, 10 rue Vauquelin, 75005, Paris, France — 4Department
of Applied Physics, Eindhoven University of Technology, P.O. Box 513,
5600MB Eindhoven, The Netherlands
The wetting motion of a liquid over a rigid solid gives rise to a dy-
namic liquid contact angle. Here we show that on a soft, viscoelastic
substrate, a moving contact line leads to a dynamic contact angle of
the solid. The initially flat solid surface is deformed elastically into a
sharp ridge. The ridge shape and the orientational angle of its tip de-
pend on the contact line velocity. We present a theory based on linear
response that reveals how the dynamics of the wetting ridge emerges
from the substrate rheology. The theory is validated experimentally
with measurements of the dynamic contact angle on a silicone gel.

15 min. break

DY 38.7 Wed 16:45 C 243
Capillary force acting on a particle correlated with the
shape of the meniscus — ∙Frank Schellenberger, Periklis
Papadopoulos, Stefan Weber, Michael Kappl, Doris Vollmer,
and Hans-Jürgen Butt — Max Planck Institute for Polymer Re-
search, Mainz, Germany
Capillary bridges play a important role for the stability of colloidal
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systems. The forces of these bridges strongly correlates with their
shape. It is possible to measure capillary forces with an Atomic Force
Microscope (AFM), but it is impossible with such a device to image
the shape of the capillary bridge at the same time.

Analytical and numerical calculations exist that correlates the force
of the capillary bridges with the shape of the liquid . However ex-
perimentally capillary bridges could not directly be imaged with the
corresponding force in the micrometer range so far. A Laser Scan-
ning Confocal Microscope (LSCM) can visualize the shape of a liquid
bridge on solid surface in a three-dimensional form. We built a com-
bined LSCM and AFM device and measured the forces with colloidal
probes on liquid surfaces. The combination of force spectroscopy and
confocal microscopy allows us to image capillary bridges and simulta-
neously measure the corresponding force.

With our setup we can now verify the theoretical forces, calculated
from the shape of the meniscus, and the corresponding force curves.
We present our results of the simultaneous AFM and LSCM measure-
ments of capillary bridges.

DY 38.8 Wed 17:00 C 243
Wettability-independent bouncing on flat surfaces — Jolet
de Ruiter, Rudy Lagraauw, Dirk van den Ende, and ∙Frieder
Mugele — University of Twente; MESA+ Institute for Nanotechnol-
ogy, Physics of Complex Fluids, Enschede, The Netherlands
The impingement of drops onto solid surfaces plays a crucial role in a
variety of processes, including inkjet printing, fog harvesting, anti-
icing, dropwise condensation and spray coating. Recent efforts in
understanding and controlling drop impact behaviour focused on su-
perhydrophobic surfaces with specific surface structures enabling drop
bouncing with reduced contact time. Here, we report a different univer-
sal bouncing mechanism that occurs on both wetting and non-wetting
flat surfaces for both high and low surface tension liquids. Using high-
speed multiple-wavelength interferometry, we show that this bouncing
mechanism is based on the continuous presence of an air film for mod-
erate drop impact velocities. This submicrometre air cushion slows
down the incoming drop and reverses its momentum. Viscous forces
in the air film play a key role in this process: they provide transient
stability of the air cushion against squeeze-out, mediate momentum
transfer, and contribute a substantial part of the energy dissipation
during bouncing.

DY 38.9 Wed 17:15 C 243
Surfactants in droplet-based microfluidics – Adsorption, Ex-
change and Biocompatibility — ∙Birte Riechers1,2, Philipp
Gruner2, Florine Maes1,2, and Jean-Christophe Baret1,2 —
1Center de Recherche Paul Pascal, Bordeaux, France — 2Max Planck
Institute for Dynamics and Self-Organization, Göttingen, Germany
Emulsions are omnipresent in industry, research and daily life. They
are widely used in painting materials, cosmetics as well as for medi-
cal and biotechnology applications [Bremond et al. Soft Matter 2012].
Emulsions are multiphase liquids stabilised using surfactants. These
amphiphilic molecules adsorb to interfaces changing their properties
(e. g. surface tension, interfacial rheology) [Baret Lab Chip 2012].
They also chemically or physically interact with the dispersed aqueous
phase effecting solubility of solutes in all phases [Skhiri et al. Soft
Matter2012].
Here, we analyse the properties of surfactants which result in undesir-
able reactions and interactions with the interior of the droplets. We
present a microfluidic method to determine the adsorption kinetics of
surfactants. The principle is based on miniaturised pH measurements
at the micron-scale. We show that the surfactant exchange between the
droplet interface and the continuous phase occurs within seconds and
significantly effects the loss of chemicals from droplets. Our method
provides new means to analyse surfactant interfaces and their interac-
tions with the aqueous phase of emulsion droplets. We anticipate that
our approach can be used to optimise surfactants and formulations for
applications in emulsion-based biochemical analysis.

DY 38.10 Wed 17:30 C 243
Coexistence of Various Instabilities on a Single Liquid Fil-
ament — Michael Hein1, ∙Jean-Baptiste Fleury1, and Ralf
Seemann1,2 — 1Saarland University, Experimental Physics, Saar-
bruecken, Germany — 2Max Planck Institute for Dynamics and Self-
Organization, Goettingen, Germany

Droplet based microfluidics exploits the decay of a liquid filament or
cylinder into droplets of micrometric size. While the physics of droplet
breakup on small scales remains a field of vivid interest, droplet based
microfluidic systems have become widely used both in fundamental
science and application such as (bio-)analytics or micro-chemistry. We
present experimental research on the formation of droplets by breakup
of a squeezed liquid filament surrounded by an immiscible phase that
flows over a topographic step. This non-equilibrium process arises from
the interplay between flow properties and interfacial instabilities when
the filament is suddenly released from confinement at the step. In
contrast to previous studies, a rich variety of different droplet breakup
regimes was observed for the used geometry which are characterized
by the coexistence of multiple liquid instabilities on a single filament.
Surprisingly, these instabilities can be of different type while the fila-
ment is exposed to a symmetric flow-field. This spontaneous symmetry
breaking is a nontrivial consequence of volume throughput constraints
of each individual instability and allows for the specific production of
heterogeneous droplet families from one single filament under constant
flow rates.

(Michael Hein, Jean-Baptiste Fleury and Ralf Seemann, Submitted)

DY 38.11 Wed 17:45 C 243
Inertial microfluidics: control of lift forces and dynamics of
microfluidic crystals — ∙Christopher Prohm and Holger Stark
— Institut für Theoretische Physik, Technische Universität Berlin, D-
10623 Berlin
At intermediate Reynolds numbers, particles in microfluidic channels
assemble at fixed distances from the channel axis and bounding walls
[1]. This Segré-Silberberg effect can be described in terms of an inertial
lift force acting on the particles. At increasing densities the particles
form microfluidic crystals due to an interplay of hydrodynamic inter-
actions and inertial lift forces [2]. Microfluidic devices utilizing inertial
migration have recently been demonstrated for biomedical tasks such
as particle sorting or separation [1].

Here, we investigate the motion of colloidal particles in microflu-
idic channels using the lattice Boltzmann method [3]. First, we show
how the geometry of the channel influences inertial focusing of a single
particle. We also demonstrate that manipulating the axial or angu-
lar velocity of the particle modifies its lift-force profile, which permits
control of the lateral particle position. Second, we investigate suspen-
sions of particles. We describe how they self-assemble into microfluidic
particle crystals and discuss the dynamic properties of these crystals.

[1] H. Amini, W. Lee, and D. Di Carlo, Lab Chip 14, 2739 (2014).
[2] W. Lee, H. Amini, H. A. Stone, and D. Di Carlo,

Proc. Natl. Acad. Sci. U.S.A. 107, 22413 (2010).
[3] C. Prohm and H. Stark, Lab Chip 14, 2115 (2014).

DY 38.12 Wed 18:00 C 243
High-throughput and passive trapping of nano-objects using
electrostatic forces — ∙Michael Adrian Gerspach1,2,3, Nas-
sir Mojarad2, Yasin Ekinci2, and Thomas Pfohl1,3 — 1Swiss
Nanoscience Institute, Basel, 4056, Switzerland — 2Paul Scherrer In-
stitute, Villigen, 5323, Switzerland — 3Department of Chemistry, Uni-
versity of Basel, Basel, 4056, Switzerland
Contact free trapping of nano-objects in solution is of broad interest.
Although several methods have been developed, like optical tweezers,
stable and high throughput trapping of nanometer-sized particles re-
mains challenging. Our approach of trapping charged nano-objects is
geometry induced electrostatic trapping [1], a method based on alter-
ing the surface topology of nano-channels that are negatively charged
when exposed to water. Here we present the on chip contact free
trapping of single 40 to 80 nm gold particles in nanometer-sized pock-
ets without the use of any externally applied forces. The particles in
the solution are pushed into the pockets and trapped only because of
the difference in electrostatic potential between the nanofluidic channel
walls and the finer pocket structures. Increasing the salt concentration
of the solution leads to screening of the surface charges by free counter
ions and therefore, weakens the trap strength and shortens the average
time a particle dwell in a trap. Thus by chancing the concentration of
the solution or the height of the nanofluidic channels, the particles can
be trapped from microseconds to several minutes. In future we plan to
extend this method to trap and investigate the dynamics of biological
entities such as DNA or large proteins. [1] Nature 457 (2010), 692-695

57



Berlin 2015 – DY Wednesday

DY 39: Flow-Induced Structures in Complex Fluids (joint session CPP/ DRG, Deutsche
Rheologische Gesellschaft/ DY)

Annual Meeting of the German Rheological Society together with the Spring Meeting of the Condensed
Matter section of German Physical Society

Time: Wednesday 15:00–18:30 Location: C 264

Invited Talk DY 39.1 Wed 15:00 C 264
A new perspective of materials processing — ∙Kyung Hyun
Ahn — Seoul National University, Seoul, Korea
With recent advances in emerging technologies, materials design en-
counters new challenges. With more nano particles inside, processing
experiences thinner and faster deformations than ever, which should be
reflected in materials design. However, little is known about the flow
characteristics of such complex fluids and less is known about how to
design and control the process. Industrial coating materials such as
ink, slurry and paste form heterogeneous microstructure as they con-
tain various components. Therefore, it is necessary to incorporate the
concept of heterogeneity into materials processing and to develop the
methodology to quantitatively analyze the heterogeneous nature ob-
served in both materials and processing. It will be a big challenge to
establish a systematic protocol to characterize the materials and main-
tain uniform quality during manufacturing. In this talk, I will show
illustrative examples that prove the heterogeneous nature in different
length scales, covering the length scale from nano, micro to macro.
With many illustrative examples of both system and methodology, I
will deliver my idea on the perspective and strategy of the researches,
which will be a new paradigm of materials processing as well as of
materials design.

DY 39.2 Wed 15:30 C 264
Slow dynamics in sheared DGEBA/𝑆𝑖𝑂2 suspensions — ∙Rick
Dannert, Roland Sanctuary, and Jörg Baller — University
of Luxembourg, Laboratory for the Physics of Advanced Materials,
Grand-Duchy of Luxembourg
Investigations of concentrated and semi-diluted colloidal suspensions
of spherical silica nanoparticles in Diglycidyl Ether of Bisphenol A
(DGEBA) with oscillatory shear rheology have recently shown an
anomaly at low frequencies, which was interpreted as Brownian stress
relaxation resulting from strain-induced perturbations of the isotropic
filler distribution [1]. To complete the study of the concentration de-
pendency we extend the rheological investigation of the low-frequency
anomaly to ultra-diluted DGEBA/silica suspensions. We illustrate
that the Brownian relaxation process depends in a complex manner
on the volume concentration: the relaxation frequency exhibites a
maximum at low filler contents. This non-monotonic dependency of
the relaxation frequency can no longer be modelled by classical Peclet
frequencies. Including a structural, concentration dependent para-
meter allows for an accurate description of the Brownian relaxation
process for all concentrations.

[1] R. Dannert, R. Sanctuary, M. Thomassey, P. Elens, J.K. Krüger,
J. Baller, Rheologica Acta, 53 (2014) 715-723.

DY 39.3 Wed 15:45 C 264
Microstructure and nonlinear signatures of yielding in a het-
erogeneous colloidal gel under large amplitude oscillatory
shear — Juntae Kim1, ∙Dimitri Merger2, Manfred Wilhelm2,
and Matthew E. Helgeson1 — 1Department of Chemical Engineer-
ing, University of California Santa Barbara, Santa Barbara, California
93106 — 2Institute for Chemical Technology and Polymer Chemistry,
Karlsruhe Institute of Technology, 76131 Karlsruhe, Germany
We investigate yielding in a colloidal gel that forms from a nanoemul-
sion by polymer mediated aggregation. Combining large amplitude os-
cillatory shear measurements with simultaneous small and ultra-small
angle neutron scattering (rheo-SANS/USANS), we characterize both
the nonlinear mechanical processes and strain amplitude-dependent
microstructure underlying yielding. We observe a broad, three-stage
yielding process that evolves over an order of magnitude in strain am-
plitude between the onset of nonlinearity and flow. Analyzing the
intracycle response stress reveals a transition from elastic straining to
elastoplastic thinning which eventually leads to yielding and flow. The
instantaneous nonlinear parameters associated with yielding are cor-
related with time-averaged rheo-USANS measurements. This shows
how the material passes through a cascade of structural breakdown

from large to progressively smaller length scales. All significant struc-
tural changes occur on the micron-scale, suggesting that large-scale
rearrangements of hundreds or thousands of particles, rather than the
homogeneous rearrangement of particle-particle bonds, dominate the
initial yielding of heterogeneous colloidal gels.

DY 39.4 Wed 16:00 C 264
Rheological behavior of a highly concentrated colloidal dis-
persion on different length scales — ∙Clara Weis and Nor-
bert Willenbacher — Karlsruhe Institute for Technology (KIT),
Karlsruhe, Germany
Multi particle tracking and bulk mechanical rheometry have been used
to study rheological properties of concentrated, colloidal suspensions.
Using fluorescent tracer particles with particle sizes between 100nm
and 1000nm enables MPT even in turbid systems and provides rhe-
ological information on the microscale. Following systems have been
investigated: 1. Fluid suspensions with short range repulsive inter-
actions at Φeff<0.5, in this case perfect agreement between bulk and
microrheology is found. 2. Hard sphere type crystallizing dispersions
in the liquid/crystalline coexistence regime with and without added
non-adsorbing polymer. A large variation in mean square displacement
(MSD) of different tracer particles with slopes 𝛿MSD/𝛿𝜏 between 0 and
1 is found. The heterogeneity of the samples can be directly imaged
based on this rheological contrast. The broadening of the coexistence
region due to weak attractive depletion forces induced by added poly-
mer is directly proven by MPT. 3. Variation of tracer particle mobility
is investigated for systems approaching the colloidal glass transition.
4. The change of particle mobility and the variation of sample hetero-
geneity is analyzed in the so-called re-entry regime at Φ>Φg = 0.58
where the system transitions from glassy to fluid and from fluid to gel-
like when attractive interaction controlled by non-adsorbing polymer
increases from 0 to about 10 kT.

DY 39.5 Wed 16:15 C 264
Microstructural studies of colloidal glasses using forced probe
particles — ∙Markus Gruber1, Gustavo Abade1, Antonio
Puertas2, and Matthias Fuchs1 — 1Universität Konstanz, Ger-
many — 2Universidad de Almería, Spain
Driving a colloidal probe particle through a complex fluid provides
unique insights into local viscoelastic properties. For soft solids there is
a delocalization transition when the force on the probe particle is large
enough to pull it free [1]. We study the spatial probability distribution
of a tracer particle as seen by active microrheology in constant force
mode. As model system, we consider a bath of hard spheres perform-
ing Brownian motion in the glassy state and an actively pulled hard
sphere tracer particle. The spatial probability distribution is accessed
within mode-coupling theory (MCT) refining the previous model [2] by
decomposing the mobility-tensor kernel as suggested by [3] to obtain
physical results for even larger forces.

Highly nonlinear effects for example in mean and mean square dis-
placements are seen already below the critical force. One reason is the
emergence of an exponential tail of the probability distribution in the
direction of the applied force, which can also be found in molecular
dynamic computer simulations (MDS). In addition we compare other
MCT predictions with results from MDS.

[1] I. Gazuz, et al. Phys. Rev. Lett. 102 (2009) 248302.
[2] Ch. J. Harrer, et al. Z. Phys. Chem. 226 (2012) 779.
[3] S. Lang et al. J. Stat. Mech. P12007 (2013).

DY 39.6 Wed 16:30 C 264
Rheological properties of temporarily cross-linked microcap-
sules — ∙Sarah Demand and Heinz Rehage — Chair of Physical
Chemistry II, TU Dortmund, 44227 Dortmund, Germany
Microcapsules have a broad spectrum of different applications and can
be used as simple model systems for understanding the mechanical
properties and controlled release processes of biological cells, e. g.
erythrocytes. Capsules consist of a tiny fluid droplet which is sur-
rounded by an ultra-thin, flexible membrane. Temporary networks,
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which simply emerge from self-organization processes of surfactants,
are of special interest. These coherent films exhibit striking viscoelas-
tic properties which are influenced by dynamic fluctuations and the
average life-time of cross-linking points. A typical emulsifying com-
pound, showing this special ambivalent behavior, is the polysaccharide
surfactant Span 65. In order to measure the kinetics of crosslinking
and the stability of Span 65-films, we performed different types of
rheological investigations. The shear and dilatational behavior of mi-
crocapsules was obtained from deformation studies in external fields.
Capsule deformations in centrifugal fields were studied in a spinning-
drop tensiometer. The deformation and orientation behavior in simple
shear flow was investigated by means of an optical rheoscope. The re-
sults of all the studies showed a high ability of temporarily cross-linked
surfactant films to stabilize emulsion droplets. Due to their processes
of self-organization, this provides new and interesting perspectives for
simple and effective micro- and nano-capsule technologies.

DY 39.7 Wed 16:45 C 264
Clusters formation in microcirculation — Othmane
Aouane1,2,3, Marine Thiebaud2, Chaouqi Misbah2, and
∙Christian Wagner1 — 1Department of Experimental Physics,
Saarland University, 66123 Saarbrücken, Germany — 2Université
Grenoble Alpes, LIPHY, F-38000 Grenoble, France — 3LMPHE,
URAC 12, Faculte des Sciences, Rabat, Morocco
We investigate numerically the flow of deformable objects such as vesi-
cles and red blood cells (rbcs) in micro-channels. We focus on under-
standing the phenomena behind the formation of small train of cells
(called clusters) that occurs in the microcirculation. We consider the
rbc in 2D as a closed deformable and non-permeable membrane en-
capsulating an inner fluid and suspended in an outer fluid. The mem-
brane total force is composed from a bending force, a tension force
to fulfill the area conservation constraint, and a cell-cell interaction
force to reproduce the depletion forces due to the effect of the plasma
macromolecules such as fibrinogen. The cells are placed in a confined
geometry (two parallel walls) and subjected to a Poiseuille flow. The
inner and outer fluids obey to Stokes equations. This equations are
solved using the boundary integral formulation. We observe that two
kind of clusters exist namely: i) hydrodynamical clusters, and ii) poly-
mer induced clusters. We notice that there is an interplay between the
confinement and the formation/destruction of hydrodynamical clus-
ters. The polymer induced clusters are more robust and remain stable
independently from the confinement.

15 min. break.

DY 39.8 Wed 17:15 C 264
Red blood cells in intimate contact — ∙Achim Guckenberger
and Stephan Gekle — Biofluid Simulation and Modeling, University
of Bayreuth, Germany
Red blood cells in confined flow exhibit an effective hydrodynamic at-
traction: At low volume fractions, they tend to form pairs of cells
(clusters). Understanding this effect is important for designing mi-
crofluidic devices. Furthermore, agglomeration of erythrocytes plays a
major role in biological processes ranging from clotting to cardiovas-
cular diseases. We study this phenomenon with the help of a three-
dimensional periodic boundary integral method for various parameter
sets. Amongst other things, the cell to cell distance is found to depend
on the channel geometry and the flow rate. However, it is independent
of the initial configuration of the cells.

DY 39.9 Wed 17:30 C 264
Flow of complex fluids into porous media — ∙Viviane Lutz
Bueno1, Marianne Liebi2, and Peter Fischer1 — 1ETH, Zürich,
Switzerland — 2Paul Scherrer Institute, Villigen, Switzerland
The dynamic behavior of complex fluids is studied by controlling flow-
geometry-fluid interactions. Quantitative information on flow-induced
structures (FIS) and in-situ rheological response are reported. Worm-
like micelles (WLMs) flowing through porous media lead to a highly
transient and localized rheological signature, composed by shear-
banding and FIS due to micellar alignment, stretching, and breaking
down. The porous media is simplified by a single contraction for ini-
tial studies on shear/extensional rates, microstructure organization,
and velocity fields. Flow confinement provokes shear banding and vis-
coelastic instabilities, which dependent on channel’s geometry. Micro-
designed channels provide extreme fluid confinement and tailored flow-
geometry, which are investigate by flow-induced birefringence, micro-

particle image velocimetry, and scanning small-angle x-ray/neutron
scattering. High shear/extensional rates in the flow through an array
of cylinders cause permanent fluid gelation. By decoupling extensional
and shear contributions, some of the critical factors, which influence
this FIS formation, are reported.

DY 39.10 Wed 17:45 C 264
A thermodynamic study of shear banding in polymeric so-
lutions — ∙Natalie Germann — Technische Universität München,
Freising, Deutschland
Shear banding is an ubiquitous phenomenon occurring in soft mat-
ter. The mechanisms behind this type of flow instability is not fully
understood. It has been hypothesized (1) that the formation of local-
ized shear bands in polymeric solutions is caused by the diffusion of
the polymers. In the first part of this talk, we will introduce a new
model for polymeric solutions. A new thermodynamically consistent
two-fluid approach (2-3) was employed to account for Fiction diffu-
sion and shear-induced migration effects. In this two-fluid approach,
the differential velocity resulting from local variations in concentra-
tion and conformation is treated as a state variable. The additional
boundary conditions arising from the spatial derivatives of the diffu-
sion terms in the time evolution equations are now directly imposed
with respect to that state variable. Hence, it is not anymore neces-
sary to make assumptions about the polymeric microstructure on the
boundaries. In the second part of this talk, we will discuss the tran-
sient behaviour of the model. The influence of the viscoelasticity of the
polymers and the flow geometry on the shear band formation will be
examined. The uniqueness of the numerical results and the conditions
under which multiple banded states develop will also be elaborated.
(1) M. Cromer, G.H. Fredrickson, and L.G. Leal, Phys. Fluids, 26,
063101, 2014. (2) N. Germann, L.P. Cook, and A.N. Beris. JNNFM,
(207):21-31, 2014. (3) N. Germann, L.P. Cook, and A.N. Beris, in
preparation.

DY 39.11 Wed 18:00 C 264
Evidence for simultaneous appearance of gradient and vor-
ticity shear bands using time-resolved Rheo-SANS and laser
light transmittance measurements — ∙Annekathrin Mütze1,
Peggy Heunemann1, Lionel Porcar2, and Peter Fischer1 —
1ETH Zürich, Schmelzbergstr. 9, 8092 Zürich, Switzerland —
2Institute Laue-Langevin, 6 rue Jules Horowitz, B.P.156, F-38042
Grenoble Cedex 9, France
The flow properties of wormlike micellar surfactant solutions play an
important role in applications like drag reduction in turbulent flows,
fracturing fluids, and encapsulation agents. Such systems are studied
with respect to the applied shear stress, concentration, temperature
and composition of the salt counter ions. A combination of rheologi-
cal measurements, laser-light transmittance, video analysis, and rheo-
small angle neutron scattering allow a detailed exploration of number
and types of shear bands. Typical flow curves of the solutions show
Newtonian, shear-thinning, and shear-thickening flow behavior. In the
latter regime, the solutions show vorticity and gradient shear bands
simultaneously, in which vorticity shear bands dominate the visual ef-
fect, while gradient shear bands always coexist and predominate the
rheological response. We show that gradient shear bands change their
phases (turbid, clear) with the same frequency as the shear rate oscil-
lates, whereas in-time vorticity shear bands change their phases with
half the frequency of the shear rate [1].

[1] A. Mütze, P. Heunemann, P. Fischer. Journal of Rheology 58(6):
1647

DY 39.12 Wed 18:15 C 264
Soft Solid Rheology Near the Gel Point — ∙Horst Henning
Winter — University of Massachusetts Amherst
For most amorphous materials that undergo gelation, the powerlaw
relaxation time spectrum, H(tau)~tau^-n for tau,min<tau<tau,max,
governs the rheology only in a narrow window very close to the gel
point. Soon beyond the gel point, the soft solid develops a very rich
viscoelastic behavior for the evolving material states with increasing
connectivity. Typical rheological features of the evolving soft solid are
a growing relaxation modulus and accelerated relaxation processes for
the structural components that can still relax. Time-resolved rheology
measurements, in combination with time-cure superposition, on two
model materials show this soft solid behavior. One model material
(self-exfoliating clay-polymer composite) represents physical gelation
and the other one (crosslinking polyurethane) represents chemical gela-
tion. The relaxation characteristics near the gel point are different for
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the two materials. For the physically gelling material, the modulus
growth was found to be inversely proportional to the relaxation time
decay. For chemical gelation, the modulus grows only with a factor of

about 0.7. During the next couple of months, more gelling materials
are going to be included in the study since it is unclear how widespread
the observed viscoelastic pattern occurs.

DY 40: Physics of Sustainability and Human-Nature Interactions - Part I (joint session SOE/
DY/ jDPG/ BP/ AKE)

Time: Wednesday 16:45–18:30 Location: MA 001

Topical Talk DY 40.1 Wed 16:45 MA 001
The Industrial Society’s natural Sustainability — ∙Hans G.
Danielmeyer and Thomas Martinetz — Institut für Neuro- und
Bioinformatik, Uni Lübeck
Human nature and industrial engineering form a predictable macro-
system with six S-functional variables and biologically stabilized pa-
rameters [1]. S-functions display storing lifetimes with time shifts like
Sinus functions with phase shifts. Since 18th century UK the real GDP
per capita increased 100-fold; only a factor of 2.7 yields for the G7 the
biologic limit of 118 years for the life expectancy.

This is orders of magnitude below all earlier predictions. The indus-
trial society will be materially sustainable. But the present financial
system is unsustainable because saturating growth and interest rates
dry out saving, life insurances, and pension funds. This caused the
Great Depression and the crash of 2008, not neoclassical excuses [2].
The only cure is bringing finance in line with human biology: return
to the sustainable income distribution between Word War II and 1980;
increase retirement age; continue innovation; and defend the G7 po-
sition globally. Believing in the Neoclassical Paradigm of exponential
growth is already Chinas problem because it wastes resources with
unsustainable investments.

[1] H. G. Danielmeyer and T. Martinetz, An exact theory
of the industrial evolution and national recovery, www.inb.uni-
luebeck.de, 2009 pdf. [2] C. Teuling and R.Baldwin, Secu-
lar Stagnation: Facts, Causes and Cures, CEPR London 2014,
www.voxeu.org/sites/default/files/Vox_secular_stagnation.pdf

DY 40.2 Wed 17:15 MA 001
The decoupling of CO2 emissions and human development
— Kai Kornhuber1, Dominik Reusser1, ∙Luis Costa1, Jür-
gen Kropp1,2, Rybski Diego1, and Schellnhuber Joachim1,3 —
1Potsdam Institute for Climate Impact Research, Potsdam, Germany
— 2University of Potsdam, Potsdam, Germany — 3Santa Fé Institute
Evidence of a decoupling between greenhouse gas emission and so-
cioeconomic development would benefit international climate negotia-
tions in two ways. First, it would communicate to emerging countries
that socioeconomic progress is not strictly connected with ever-growing
emissions. Secondly, it informs developed economies on reduction tar-
gets that do not jeopardize progress. Using the Environmental Kuznets
Curve as background and country-panel data between 1990 and 2013,
a model was established to test postulated relationships between so-
cioeconomic progress (measured using the Human Development Index
(HDI)) and CO2 emissions from fossil fuels. An inverted U-curve with
a time-dependent maximum moving towards higher HDI and lower
per capita CO2 mission was established as the relationship delivering
the lower fitting error. Extrapolating the global decoupling trend until
2050 returns global cumulative emissions of CO2 that are incompatible
with meaningful with long-term climate protection targets. Individual
countries presented remarkable differences in their decoupling dynam-
ics. Further insights and implications of the analysis will be discussed,
as well as future research needs.

DY 40.3 Wed 17:30 MA 001
The size distribution, scaling properties and spatial organi-
zation of urban clusters: a global and regional perspective
— ∙Till Fluschnik, Steffen Kriewald, Anselmo García Cantú
Ros, Bin Zhou, Dominik Reusser, Jürgen Peter Kropp, and
Diego Rybski — Potsdam Institute for Climate Impact Research
(PIK)
Human development has far-reaching impacts on the surface of the
globe. The transformation of natural land cover occurs in different
forms and urban growth is one of the most eminent transformative
processes. We analyze global land cover data and extract cities as
defined by maximally connected urban clusters. The analysis of the
city size distribution for all cities on the globe confirms Zipf’s law.

Moreover, by investigating the percolation properties of the cluster-
ing of urban areas we assess the closeness to criticality. We study the
Zipf-exponents as a function of the closeness to percolation and find a
systematic decrease with increasing scale, which could be the reason
for deviating exponents reported in literature.

DY 40.4 Wed 17:45 MA 001
Limits and opportunities of a regionalized food production
for cities: A global analysis — ∙Steffen Kriewald, Anselmo
García Cantú Ros, Till Sterzel, Prajal Pradhan, and Jür-
gen P. Kropp — Potsdam Institute for Climate Impact Research,
Potsdam, Germany
The massive ongoing urbanisation in the 21st century is a major chal-
lenge for societies and therefore crucial developments towards a sus-
tainable future will take place in cities. Together with many other is-
sues a proper food supply is essential. Today, the necessary transport
of food, especially the increasing transport by plane due to the global
food supply chain, leads to a significant amount of greenhouse gas
emissions. A reorganisation of cities in terms of their food allocation
could save a considerable amount of emissions. We provide a global
overview of the potential of peri-urban agriculture based on land-use,
population, yield and dietary datasets. Our analysis indicates that up
to 2 billion city dwellers can be fed by local grown products. However,
Climate Change will drastically decrease the possibility of a local food
supply for many regions.

DY 40.5 Wed 18:00 MA 001
Food demand and supply under global change: need for
sustainable agricultural intensification — ∙Prajal Pradhan1,
Dominik Reusser1, Matthias Lüdeke1, and Juergen Kropp1,2

— 1Potsdam Institute for Climate Impact Research, Potsdam —
2University of Potsdam, Dept. of Geo- and Environmental Sciences,
Potsdam
Global food demand is expected to increase by 60–110% between 2005
and 2050. Meeting growing food demand along with reducing agricul-
tural environmental impacts is a global sustainability challenge. We
investigated diet shifts, emissions, livestock feed, local food, and yield
gaps to address this challenge. Globally, we identified sixteen dietary
patterns. Diets common in developed world, exhibit higher emissions.
Currently, 40% of global crops is fed to livestock. Two billions people
are self-sufficient within 5′ grid, while 1 billion Asians and Africans re-
quire inter-continental trade. However, they can become self-sufficient
by closing yield gaps. By 2050, the global agricultural emissions will
approach 7–20 Gt CO2eq./yr and feed demand may increase up to 1.3
times. The number of trade dependent people will range 1.5–6 billion
which may be further increased by 4–16% due to climate change. In
future, diet shifts will significantly increase crop demand, emissions,
and trade. These can be reduced by technological change, consum-
ing local food, and closing yield gaps. Sustainability of inputs and
management required to close yield gaps depends on how options are
chosen and implemented. Hence, a combination of sustainable inten-
sification, expansion, trade and diet shifts is required to feed growing
population.

DY 40.6 Wed 18:15 MA 001
Sustainabilty for a Warming Planet — ∙Humberto
Llavador1,2, John Roemer3, and Joaquim Silvestre4 —
1Universitat Pompeu Fabra (Barcelona) — 2Barcelona GSE — 3Yale
University — 4University of California, Davis
A clean biosphere is a resource in jeopardy due to man-made GHG
emissions. What is the fair way to share this scarce global resource
across present and future generations, and across regions of the world?
This study proposes that the guiding ethics should be sustainability
and egalitarianism. Sustainability is interpreted as a pattern of eco-
nomic activity over time that sustains a given rate of growth of human
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welfare indefinitely; in doing so, the atmospheric concentration of car-
bon must be capped at some level not much higher than exists today.

Human welfare depends not only upon consumption, but also upon
education, knowledge, and a clean biosphere. The analysis shows that
we should be investing more in education and substantially more in
knowledge creation than is currently the case.

International cooperation is vital in capping global greenhouse gas
emissions at a sufficiently low level. We propose that solving the bar-

gaining problem between developing and developed nations requires
recognizing the relationship between economic growth and the climate
problem. We propose that the dates at which developing countries
converge in living standards to those of developed countries should
not be altered by the agreement. This principle, along with sustain-
ability, suffices to determine how emissions should be allocated across
regions and time.

DY 41: Complex Fluids and Soft Matter - Part II (joint session DY/ CPP / BP)

Time: Thursday 9:30–11:45 Location: BH-N 334

Invited Talk DY 41.1 Thu 9:30 BH-N 334
Ultrasoft particles under out-of-equilibrium conditions —
∙Gerhard Kahl — Institut für Theoretische Physik, TU Wien, Vi-
enna, Austria
On a coarse-grained level, colloids often interact via so-called ultrasoft
potentials, which assume at short interparticle distances values in the
order of a few 𝑘B𝑇 ; thus, these particles are able to overlap at the
cost of a relatively small energy penalty. Under equilibrium condi-
tions such ultrasoft particles are able to form aggregates (clusters) of
overlapping particles which can then either form a disordered or an
ordered cluster phase. In the latter case, these aggregates populate
the positions of a regular fcc or bcc lattice. Cluster crystals display
rather unconventional properties, such as a density-independent lat-
tice constant [1]. Also under out-of-equilibrium conditions, ultrasoft
systems show unexpected features. Exposing a cluster crystal to shear
leads – with increasing shear rate �̇� – to the following novel response-
scenario: for small �̇�-values the crystal melts; then gradually strings
parallel to the flow direction form which are arranged in a hexagonal
grid in the gradient-vorticity plane. Upon further increasing �̇� this lat-
tice eventually melts [2]. Exposing a cluster crystal to Poiseuille flow
the emergence of a quantized flow pattern is observed where the height
and the width of the fluid stream display well-defined plateaus, indi-
cating a successive fluidization of crystal layers adjacent to the channel
walls [3].

[1] B.M. Mladek et al., Phys. Rev. Lett. 96, 045701 (2006).
[2] A. Nikoubashman et al., Phys. Rev. Lett. 107, 068302 (2011).
[3] A. Nikoubashman et al., Soft Matter 8, 4121 (2012).

DY 41.2 Thu 10:00 BH-N 334
Dynamics of density excitations in shear-driven, confined bi-
nary mixtures — ∙Sascha Gerloff, Tarlan A. Vezirov, and
Sabine H. L. Klapp — Institut für Theoretische Physik, Technische
Universität Berlin, Hardenbergstraße 36, 10623 Berlin, Germany
Understanding friction on the microscopic scale is of great interest both
from a fundamental and an applicational point of view. An important
topic in this context is the appearance of density heterogeneities [1].

Here we perform overdamped Brownian dynamics simulations of a
thin film of charged colloidal particles with two different sizes in pla-
nar shear flow. The particles interact via a combined Yukawa- and
softsphere-potential. The parameters are set to suit experimental data
for ludox silica particles, which where previously studied. The one-
component system is known to form shear-induced multi-layer config-
urations in confinement and to show different intra-layer structures
which depend on the applied shear rate. [2]

The corresponding two-component system under shear displays den-
sity excitations, provided that mixing of the two species is prohibited.
We investigate the distribution and motion of these density excitations
using voronoi tessellation. The density excitations are then identified
as clusters of high local density in the spirit of the Hoshen-Kopelman
algorithm.

[1] T. Bohlein, J. Mikhael and C. Bechinger, Nat. Mater. 11, 126-
130 (2012).

[2] T. A. Vezirov and S. H. L. Klapp, Phys. Rev. 88, 052307 (2013).

DY 41.3 Thu 10:15 BH-N 334
Analytical solutions for immiscible two-phase-flow in porous
media — ∙Christoph Wolber and Rudolf Hilfer — Institut
für Computerphysik, Universität Stuttgart, Allmandring 3, 70569
Stuttgart
A macroscopic theory for two-phase-flow in porous media that dis-
tinguishes between percolating (free-flowing) and non-percolating

(trapped, disconnected) fluid parts has been studied. The theory nat-
urally predicts hysteresis and spatiotemporal variations of residual and
irreducible saturations. The computational advantage of the general-
ization over the traditional theory is the strict locality in time of all
processes including hysteretic processes with simultaneous drainage
and imbibition. Initial and boundary value problems on semi-infinite
domains with constant total flux (generalized Buckley Leverett prob-
lems) have been solved semi-analytically with and without flow rever-
sal. Complex combinations of shock fronts and rarefaction waves have
been observed as the result.

DY 41.4 Thu 10:30 BH-N 334
Saturation overshoot and hysteresis for twophase flow in
porous media — ∙Rouven Steinle and Rudolf Hilfer — In-
stitute for Computational Physics, University of Stuttgart, Germany
Observations of non-monotone saturation profiles (saturation over-
shoot) during twophase infiltration processes have recently attracted
much attention because such profiles are mathematically excluded
within the Richards approximation to the traditional Darcy theory.
Here it is shown that a traditional Darcy theory combined with a
simple hysteresis model yields non-monotone saturation profiles in the
Buckley-Leverett limit. Analytical arguments and numerical simula-
tions are reported. They agree quantitatively in predicting saturation
overshoot. A simple jump-type hysteresis in the relative permeabilities
suffices to yield a saturation overshoot, while hysteresis in the cap-
illary pressure is not needed [1]. Extensive numerical simulations of
the mathematical model reveal a strong dependence of the overshoot
phenomenon on the initial and boundary conditions.

[1] Hilfer, R. and Steinle, R., Saturation overshoot and hysteresis
for twophase flow in porous media, Eur.Phys.J.ST, vol. 223, pp. 2323
(2014)

DY 41.5 Thu 10:45 BH-N 334
Free energy cost of forming a solid-liquid interface — ∙Ronald
Benjamin1 and Jürgen Horbach2 — 1Institut für Theoretische
Physik II - Soft Matter, Heinrich-Heine-Universität, 40225 Düsseldorf
— 2Institut für Theoretische Physik II - Soft Matter, Heinrich-Heine-
Universität, 40225 Düsseldorf
Knowledge of the solid-liquid interfacial free energy is crucial to an
understanding of nucleation, crystallization, and wetting phenomena.
In this talk, we present a novel simulation technique to compute this
quantity directly for an interface between a crystal and its melt [1].
Our approach solves an important problem arising out of hysteresis
effects which led to uncontrolled errors in previous studies. We apply
our method to different interaction potentials [1, 2] and do a careful
finite-size scaling analysis in each case to obtain reliable estimates of
the solid-liquid interfacial free energies.

Reference:-
1.) Crystal-liquid interfacial free energy via thermodynamic

integration.-R. Benjamin and J. Horbach, J. Chem. Phys. 141, 044715
(2014).

2.) Crystal-liquid interfacial free energy of hard spheres via a novel
thermodynamic integration scheme.- R. Benjamin and J. Horbach,
arXiv 1410.8798 (2014).

DY 41.6 Thu 11:00 BH-N 334
Transient microrheology of viscoelastic fluids — ∙Juan Ruben
Gomez Solano1,2 and Clemens Bechinger1,2 — 12. Physikalisches
Institut, Universitaet Stuttgart, Pfaffenwaldring 57, 70569 Stuttgart,
Germany — 2Max-Planck-Institute for Intelligent Systems, Heisen-
bergstrasse 3, 70569 Stuttgart, Germany
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Viscoelasticity is ubiquitous in soft matter ranging from biological flu-
ids to new synthetised materials, whose mechanical response deviate
from Newtonian behavior under applied stress or strain. Microrheol-
ogy has proved successfully in recent years as an alternative to bulk
rheology in investigating linear and steady-state flow properties of mi-
crolitre samples of such materials. More complex transient behav-
ior, e.g. creep and strain recovery after flow startup and cessation, is
far less well understood within the context of microrheology. In this
work we experimentally study the transient motion of a colloidal par-
ticle actively dragged by an optical trap through different viscoelastic
fluids (wormlike micelles, polymer solutions, and entangled lambda-
phage DNA). We observe that, after sudden removal of the moving
trap, the particle recoils due to the relaxation of the deformed fluid
microstructure until its complete strain recovery. We find that the re-
laxational dynamics of the particle proceeds via a double exponential
decay, whose relaxation times remain independent of the initial parti-
cle velocity whereas their amplitudes strongly depend on it. We show
that this transient information, which has no counterpart for colloids
moving in Newtonian fluids, can be exploited to determine linear and
non-linear flow properties of the embedding fluid.

DY 41.7 Thu 11:15 BH-N 334
Flow properties of anisotropic fluids — ∙Sebastian

Heidenreich1, Sabine H. L. Klapp2, and Markus Bär1

— 1Physikalisch Technische Bundesanstalt, Berlin, Germany —
2Technische Universität Berlin, Germany
From liquid crystal polymers to suspensions of bacteria anisotropic
fluids are ubiquitous in nature and technology. The flow exhibits
intriguing phenomena like flow alignment, shear banding, tumbling,
shear thickening/thinning, large-scale correlation and mesoscale tur-
bulence. The emergence of such fascinating aspects is often related to
the anisotropy and to the out-of equilibrium character of the consid-
ered system. In the first part of our presentation we review selected
flow phenomena of passive fluids with anisotropy. We discuss the role
of the order parameter like the alignment tensor for the description of
the flow properties. In particular, we introduce the relaxation equation
for the alignment tensor coupled to the hydrodynamic flow and dis-
cuss the orientational dynamics in the shear flow. In the second part of
the talk we focus on active fluids like dense bacterial suspensions and
we introduce the governing hydrodynamic equations for self-sustained
individuals that are swimming in a Newtonian fluid. We discuss the
relationship to the passive counterpart and finally present recent work
on mesoscale bacterial turbulence.

15 min. break

DY 42: Delay and Feedback Dynamics

Time: Thursday 9:30–11:00 Location: BH-N 128

Invited Talk DY 42.1 Thu 9:30 BH-N 128
Time-delayed feedback control of self-organized structures in
dissipative systems — ∙Svetlana Gurevich1, Felix Tabbert1,
and Alexander Kraft2 — 1Institut für Theoretische Physik, Uni-
versität Münster, Wilhelm-Klemm-Str.9, D-48149, Münster, Germany
— 2Institut für Theoretische Physik, Technische Universität Berlin
Hardenbergstr. 36 D-10623 Berlin
We are interested in the dynamical properties of periodic and local-
ized structures in the Swift-Hohenberg equation subjected to a delayed
feedback. We shall show that variation in the delay time and the feed-
back strength leads to the emergence of complex spatio-temporal pat-
terns. In addition we show that the presence of spatial inhomogeneties
strongly influences dynamical behavior of the system, resulting in the
formation of intricate oscillatory structures.

DY 42.2 Thu 10:00 BH-N 128
Dynamics of the self-coupled FitzHugh-Nagumo system
in the limit of small delays — ∙Larissa Bauer1,2, Lionel
Weicker3, Thomas Erneux3, and Philipp Hövel1,2 — 1Technische
Universität Berlin — 2Bernstein Center for Computational Neuro-
science Berlin — 3Université Libre de Bruxelles
We consider delay-induced oscillations in a paradigmatic model of neu-
ral dynamics, FitzHugh-Nagumo system, which is subject to Pyragas-
type self-coupling. The uncoupled model is operated in the excitable
regime close to a Hopf bifurcation, where the system exhibits a sta-
ble fixed point. We compare an analytical derivation of the period
with numerical simulations. For large delays, the self-coupling sets
the timescale of the oscillations. For small delays or small coupling
strengths, however, an activation time has to be taken into account.

DY 42.3 Thu 10:15 BH-N 128
Feedback control of flow vorticity at low Reynolds numbers —
∙Maria Zeitz, Jenny Triptow, Peter Kalle, and Holger Stark
— Institut für Theoretische Physik, Technische Universitat Berlin, D-
10623 Berlin
Our goal is to explore feedback control strategies to stabilize novel dy-
namic flow patterns in microfluidic model systems. As a first example,
we investigate a Newtonian fluid in a circular geometry realizable by a
long rotating cylinder. The fluid vorticity satisfies a diffusion equation.
We control fluid flow via the angular velocity of the circular boundary,
which we determine from the mean vorticity in the sensing area using
two control strategies: feedback with hysteretic switching or with time
delay.

Hysteretic feedback control generates self-regulated stable oscilla-
tions in time the frequency of which can be adjusted over several orders
of magnitude by tuning the feedback parameters.

Historically time-delayed feedback was developed in order to stabi-
lize orbits in a chaotic system. Here, we show that it can be used as
well to destabilize an inherently stable system such as vortex diffusion.
For large values of feedback gain we find that vorticity diverges expo-
nentially in time. Adjusting the parameters accurately, the vorticity
oscillates with a stable amplitude. Large delay times promote oscilla-
tion pulses of vorticity, resulting in a complex time periodic pattern.

In a next step we apply these control strategies to more complex
fluids. We present first results on the viscoelastic two-fluid system.

DY 42.4 Thu 10:30 BH-N 128
A fundamental dichotomy for dynamical systems with vari-
able delay — ∙Andreas Otto, David Müller, and Günter
Radons — Institute of Physics, Chemnitz University of Technology,
09107 Chemnitz, Germany
Dynamical systems with time-varying delays can describe various phe-
nomena in many fields such as biology, chemistry, economy, engineer-
ing and physics. We identify two fundamentally different classes of
variable delays. Conservative delays are related to quasiperiodicity
and are equivalent to constant delays. On the other hand, contractive
delays are characterized by mode-locking and cannot be converted to
constant delays.

Time-varying delays are often generated by a common transport
mechanism resulting in a conservative delay. However, typical models
for time-varying delays often represent both, conservative and contrac-
tive delays, depending extremely sensitive on the delay parameters. In
fact, starting from a conservative delay, we show that no continuous
parameter change is possible without passing a contractive delay or
equivalently modeling unphysical situations.

The type of the delay affects the dynamics of the associated time
delay system. For conservative delays the asymptotic scaling of the
Lyapunov spectrum is logarithmic, similar to the well-known behavior
for constant delays. In contrast, for contractive delays the asymptotic
scaling of the Lyapunov spectrum is linear. The presented results are
independent of the specific form or the attractor of the time delay sys-
tem as well as independent of the specific form of the variable delay.

DY 42.5 Thu 10:45 BH-N 128
Dynamical behaviors in time-delay systems with delayed
feedback and digitized coupling — ∙Chiranjit Mitra1, G.
Ambika2, and Soumitro Banerjee1,3 — 1Indian Institute of Sci-
ence Education and Research, Kolkata 741246, India — 2Indian Insti-
tute of Science Education and Research, Pune 411008, India — 3King
Abdulaziz University, Jeddah, Saudi Arabia
We consider a network of delay dynamical systems connected in a ring
via unidirectional positive feedback with constant delay in coupling.
For the specific case of Mackey-Glass systems on the ring topology, we
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capture the phenomena of amplitude death, isochronous synchroniza-
tion and phase-flip bifurcation as the relevant parameters are tuned.
Using linear stability analysis and Master Stability Function approach,
we predict the region of amplitude death and synchronized states re-
spectively in the parameter space and study the nature of transitions
between the different states. For a large number of systems in the same

dynamical configuration, we observe splay states, mixed splay states
and phase locked clusters. We extend the study to the case of digitized
coupling and observe that these emergent states still persist. However,
the sampling and quantization reduce the regions of amplitude death
and induce phase-flip bifurcation.

DY 43: Energy Systems and Power Grid (joint session DY/ AK Energy /SOE)

Time: Thursday 9:30–12:45 Location: BH-N 243

DY 43.1 Thu 9:30 BH-N 243
Decentral Smart Grid Control — ∙Benjamin Schäfer1, Moritz
Matthiae1, Dirk Witthaut1,3,4, and Marc Timme1,2 — 1Network
Dynamics, Max Planck Institute for Dynamics and Self-Organization
(MPIDS), 37077 Göttingen — 2Institute for Nonlinear Dynamics,
Faculty of Physics, University of Göttingen, 37077 Göttingen —
3Forschungszentrum Jülich, Institute for Energy and Climate Research
(IEK-STE), 52428 Jülich — 4Institute for Theoretical Physics, Univer-
sity of Cologne, 50937 Köln
Stable operation of complex flow and transportation networks requires
balanced supply and demand. For the operation of electric power grids
- due to their increasing fraction of renewable energy sources - a press-
ing challenge is to fit the fluctuations in decentralized supply to the
distributed and temporally varying demands. Common smart grid
concepts suggest to collect consumer demand data, centrally evaluate
them and send price information back to customers. Besides restric-
tions regarding cyber security, privacy protection and large required
investments, it remains unclear how such central smart grid options
guarantee overall stability.

Here we propose a Decentral Smart Grid Control, where the price
is directly linked to the local grid frequency at each customer. The
grid frequency provides all necessary information about the current
power balance such that it is sufficient to match supply and demand
without the need for a centralized IT infrastructure. We analyze the
performance and the dynamical stability of the power grid with such
a control system and determine its stability conditions.

DY 43.2 Thu 9:45 BH-N 243
Dynamical Models of Power Grids: Identifying and Cur-
ing Weak Links — ∙Martin Rohden and Hildegard Meyer-
Ortmanns — Jacobs University Bremen, Canpus Ring 8, 28759 Bre-
men
The inclusion of more and more renewable energy sources into modern
power grids leads inevitably to drastic changes of the topology of power
grids [1]. Nevertheless it is not known to date what an optimal network
topology for power transport and robustness could be. Adding simply
new transmission lines can induce long-ranged alterations on the power
flow [2]. Here we use the recently introduced novel criteria of redun-
dant capacities to identify weak links in power grids. We propose new
strategies to cure these critical links and show their advantages over
possible alternatives. Our results may serve as a step towards optimal
network topologies in real-world power grids.

[1]: M. Rohden, A. Sorge, D. Witthaut and M. Timme, Chaos 24,
013123 (2014)

[2]: D. Labavic, R. Suciu, H. Meyer-Ortmanns and S. Kettemann,
Eur. Phys. J. Special Topics (EPJ ST), 223, pp 2517-2525 (2014)

DY 43.3 Thu 10:00 BH-N 243
The induced feedback of Demand-Side Management in the
German power market and grid — ∙Sabine Auer1,2, Jobst
Heitzig1, and Jürgen Kurths1,2,3,4 — 1Potsdam Institute for Cli-
mate Impact Research, D-14412 Potsdam, Germany — 2Department
of Physics, Humboldt University Berlin, D-12489 Berlin, Germany —
3Institute for Complex Systems and Mathematical Biology, University
of Aberdeen, AB24 3UE Aberdeen, UK — 4Department of Control
Theory, Nizhny Novgorod State University, Gagarin Avenue 23, 606950
Nizhny Novgorod, Russia
The integration of Variable Renewable Energy (VRE) into the German
power system becomes increasingly challenging with growing wind and
solar power capacities. To prevent negative energy prices and to secure
future energy supply, a debate about redesigning the German power
market has aroused. Two competing solutions, a capacity market and
an optimized spot market, are under consideration, so far [1]. Either

using demand as negative capacities or real-time market pricing will
increase the price elasticity of demand and therefore, create a feedback
loop between physical loads and power pricing [2].

In our research, we study these feedbacks in regard to power market
and grid, especially in terms of stability [3]. Will these new concepts
increase system stability by smoothing price evolution or rather pro-
voke highly non-linear dynamics?

[1] BMWi. Ein Strommarkt für die Energiewende (2014). [2] M.
Roozbehani et. al. (2012), IEEE, 27(4), 1926-1940. [3] P. Menck, J.
Heitzig, N. Marwan J. & Kurths (2013). Nature Physics, 9(2), 89-92.

DY 43.4 Thu 10:15 BH-N 243
Flow tracing in renewable electricity networks — Mirko
Schäfer1, ∙Bo Tranberg2, and Martin Greiner2 — 1Frankfurt
Institute for Advanced Studies — 2Aarhus University
Renewable electricity networks are defined as power grids with a large
penetration of fluctuating renewable power generation. Flow tracing
algorithms track the renewable power as it flows from the generation
nodes through the network to the consumption nodes. This allows
for fair pricing schemes of future transmission investments. A new
analytical expression is presented and applied to the pan-European
transmission grid.

DY 43.5 Thu 10:30 BH-N 243
Large-deviation study of the maximum-disturbance stability
of power grids — ∙Alexander K. Hartmann1, Timo Dewenter1,
Wiebke Heins2, and Benjamin Werther2 — 1Institut of Physics,
University of Oldenburg — 2Institut for Electrical Energy Technology,
Technical University of Clausthal
We study numerically the distribution of “maximum-disturbance” sta-
bility of power grids. The model is based on networks of oscillators.
Here, we consider different ensembles of random networks, like stan-
dard Erdös-Renyi and two dimensional spacial networks. To access
the distribution down to very small probabilities, we use specific large
deviation techniques [1]. The stability is given by a conservative es-
timation of an asymptotic stability boundary, which is well known
in stability theory [2,3]. The starting point is the matrix A defined
by JTA + AJ = E, J being the Jacobean Matrix. By calculating
the maximum disturbance of x, which results in the quadratic form
𝑉 = xTAx = 𝜖(x) not being a Lyapunov-function of the system any
longer, the boundaries for the stability can be found.

For comparsion, for the given networks also simple stability mea-
sures beased on shortest paths [4], on the eigenvalues of the Jacobi
matrix and on a linearized power-flow model [5] are obtained.
[1] A.K. Hartmann, Eur. Phys. J. B 84, 627-634 (2011)
[2] R. Unbehauen, Systemtheorie (Vol. 2), Oldenbourg, Munich (1998)
[3] E.J. Davison and E.M. Kurak, Automatica 7, 627-636 (1971)
[4] A.K. Hartmann, Eur. Phys. J. B 87, 114 (2014)
[5] T. Dewenter and A.K. Hartmann, preprint arXiv:1411.5233 (2014)

DY 43.6 Thu 10:45 BH-N 243
Impact of network topology on decentral frequency-based
smart grid control — ∙Carsten Grabow1 and Jürgen Kurths2

— 1Potsdam Institute for Climate Impact Research, Potsdam, Ger-
many — 2Potsdam Institute for Climate Impact Research, Potsdam,
Germany
Replacing conventional power sources by renewables in power grids
poses a big challenge nowadays. In particular, a stable operation of the
power grid requires new methods and ideas in aligning the arising fluc-
tuations in decentralised supply to the temporally varying demands.
In this context, a decentral Smart Grid Control has been proposed
recently in order to directly link the price information to the local grid
frequency. Principally, it has been shown that this approach leads to
an efficient decentralized strategy for matching supply and demand in
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a dynamically stable way. However, first results are restricted to sim-
ple small and regular networks. In our talk, we will extend the local
and global stability analysis of the decentral Smart Grid Control to
the collective dynamics of small network motifs, in particular, star-like
networks and regular grid motifs. For larger networks, we numeri-
cally investigate decentralization scenarios finding additional phenom-
ena that have to be considered to support power grids in exhibiting a
stable state.

15 min. break

DY 43.7 Thu 11:15 BH-N 243
Detours around basin stability in power networks —
∙Paul Schultz1,2, Jobst Heitzig1, and Jürgen Kurths1,2,3,4 —
1Potsdam Institute for Climate Impact Research, D-14412 Potsdam,
Germany — 2Department of Physics, Humboldt University Berlin, D-
12489 Berlin, Germany — 3Institute for Complex Systems and Mathe-
matical Biology, University of Aberdeen, AB24 3UE Aberdeen, UK —
4Department of Control Theory, Nizhny Novgorod State University,
Gagarin Avenue 23, 606950 Nizhny Novgorod, Russia
To analyse the relationship between stability against (large) perturba-
tions and topological properties of a power transmission grid, we em-
ploy a statistical analysis of a large ensemble of synthetic power grids,
looking for significant statistical relationships between the single-node
basin stability measure and classical as well as tailor-made weighted
network characteristics. Especially, we propose a strategy to directly
estimate a power grid’s stability - even on short time scales - to omit
the need of costly simulations. The focus lies on the identification of
grid nodes that appear critical for stability, using for example a version
of Newman’s current flow betweenness. This method enables us to pre-
dict poor values of single-node basin stability for a large extent of the
nodes, offering a node-wise stability estimation at low computational
cost.

Further, we analyse the particular function of certain network motifs
to promote or degrade the stability of the system. Here we uncover
the impact of so-called detour motifs on the appearance of nodes with
a poor stability score and discuss implications for power grid design.

DY 43.8 Thu 11:30 BH-N 243
Network Measures for Power Grid Stability in Practice —
∙Frank Hellmann — Potsdam-Institut für Klimafolgenforschung,
Potsdam, Deutschland
A key challenge for the emerging future grid infrastructure is the dy-
namical stability of the power grid in the presence of fluctuating power
sources and changing topologies.

I show how tools based on novel as well as existing network topology
measures can help with identifying vulnerable points in the power grid
and can guide the design of the future grid in practice.

DY 43.9 Thu 11:45 BH-N 243
Predicting critical links in complex supply networks —
∙Xiaozhu Zhang1, Dirk Witthaut1,2,3, Martin Rohden1,4,5,
Sarah Hallerberg1, and Marc Timme1,6 — 1Network Dynamics,
Max Planck Institute for Dynamics and Self-Organization (MPIDS),
37077 Göttingen, Germany — 2Forschungszentrum Jülich, Institute
for Energy and Climate Research - Systems Analysis and Technol-
ogy Evaluation (IEK-STE), 52428 Jülich, Germany — 3Institute for
Theoretical Physics, University of Cologne, 50937 Köln, Germany —
4IIIrd Institute of Physics, Faculty of Physics, Georg August Univer-
sity, 37077 Göttingen, Germany — 5School of Engineering and Science,
Jacobs University, 28759 Bremen, Germany — 6Institute for Nonlinear
Dynamics, Faculty of Physics, Georg August University, 37077 Göt-
tingen, Germany
It has been observed that most large-scale outages in power grids can
be traced back to single transmission line failures [1]. Yet, identifying
which infrastructures in power grids and other supply networks are
critical remains an open challenge, with severe consequences for net-
work planning and stability. In this work we propose that the critical

links can be reliably predicted from the network structure and the nor-
mal operation state prior to edge failure. Numerical simulations of a
variety of flow network models confirm that the topological edge redun-
dancy as well as renormalized linear response theory provide general
key indicators for network robustness.

[1] Pourbeik et al., Power and Energy Magazine, IEEE 4.5 (2006):
22-29.

DY 43.10 Thu 12:00 BH-N 243
Modelling the Dynamical Formation of Coalitions of Power
Grid Operators to Reduce Needs for Backup Capacity —
∙Jobst Heitzig1 and Sarah Becker2 — 1Potsdam Institute for Cli-
mate Impact Research, Potsdam, Germany — 2Frankfurt Institute for
Advanced Studies, Frankfurt, Germany
Power grid operators face an increasing need for backup capacity due
to a raising amount of volatile renewable energy production. This need
may be decreased by extending transmission capacities between sev-
eral neighbouring grids and then pooling their backup capacities. Due
to the physical properties of electricity transmission grids, extending
a line between two grids may however also reduce the backup capac-
ity needs of a third connected grid, and may do so even more than
when the third grid’s connection were extended as well. These phys-
ical effects generate complex and interesting strategic incentives for
individual grid operators to join a backup capacity sharing coalition
or not. In this talk, we’ll use a model of dynamic coalition formation to
show which grids may form coalitions in which order, using real-world
example data.

DY 43.11 Thu 12:15 BH-N 243
Short-Time Stochastic Characterization of the Offshore
Wind Profile — ∙Christian Behnken, Pedro Lind, Matthias
Wächter, and Joachim Peinke — ForWind, Institute of Physics,
Carl-von-Ossietzky University, 26111 Oldenburg, Germany
Currently descriptions of vertical wind profiles are mostly performed
by using standard logarithmic or power law approaches. Especially
for short time scales (1 𝑠 ≤ 𝑡 ≤ 10min) the dynamics of the pro-
file strongly influence the load situations and the energy conversion
of wind turbines. Since these short-time dynamics are not considered
when using the standard techniques, a more detailed approach is pre-
sentend in this work. Firstly, PDFs of spatial and temporal velocity
increments, estimated from offshore wind speed data, are fitted by us-
ing a superposition of Gaussian distributions with a varying standard
deviation. It is shown that the empirical PDFs follow a heavy-tailed
distribution which matches the proposed theoretical distribution. Fur-
thermore, drift and diffusion coefficients for two-dimensional systems
of Langevin equations are estimated directly from wind speed data to
investigate dynamic coupling along the profile. This approach gives a
first insight into the dynamics of wind profiles on short time scales.

DY 43.12 Thu 12:30 BH-N 243
Intermittency and Synchronization in Wind Farm —
∙Mehrnaz Anvari and Joachim Peinke — Institute of Physics and
Forwind, Carl von Ossietzky University, 26111 Oldenburg, Germany
The renewable wind and solar sources and their share in electricity
production have been increased constantly in recent years. These
sources have new stochastic characteristics such as intermittency and
non-Gaussian behavior, which may cause instability in power grids in
very short-term time scales.

In this work, we focus on wind power that influenced by atmo-
spheric turbulence. Hence frequent extreme fluctuations in power out-
put of wind turbines are detectable. This intermittent behavior also, is
present in cumulative power of the total wind field, even for a country-
wide installation. To understand the origin of such extreme events, we
consider the interactions between wind turbines and for this purpose,
we evaluate the phase synchronization in wind farm. We conclude
that, the existence of partial phase synchronization between turbines
in specific time intervals can explain the origin of extreme events in
this complex system. We found that higher synchronized wind turbines
will produce higher intermittent power output.
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DY 44: Pattern Formation

Time: Thursday 9:30–12:15 Location: BH-N 333

DY 44.1 Thu 9:30 BH-N 333
Feedback control and semi-laning in confned colloidal suspen-
sions — ∙Tarlan A. Vezirov, Sascha Gerloff, and Sabine H.
L. Klapp — Institut für Theoretische Physik, Technische Universität
Berlin, Hardenbergstrasse 36, 10623 Berlin, Germany
Colloidal particles under the combined influence of an external driving
force and restricted geometry exhibit a wealth of non-linear phenom-
ena, which are relevant in diverse fields such as directed particle trans-
port, sorting mechanisms and friction phenomena at the nanoscale. We
perform Brownian Dynamic simulations of strongly confined systems of
charged colloidal particles interacting via a combined soft-sphere and
Yukawa potential. Under an external shear flow such systems display a
sequence of states characterised by pinning, shear-induced melting and
reentrant ordering into a moving hexagonal state [1]. Here we focus
on the following situations: First, we consider a crystalline bilayer. By
adding a feedback equation of motion we are able to stabilise specific
properties such as the degree of hexagonal ordering or the shear stress.
This opens the route for a deliberate control of friction properties of
the system [2]. Second, we consider an open-loop controlled trilayer
system. Besides the three states already observed in the bilayer system
[1] we observe a novel state, which is characterized by the separation
of the middle layer into two sublayers with opposite velocities. This is
enabled by the formation of microlanes.

[1] T. A. Vezirov and S. H. L. Klapp, Phys. Rev. E 88, 5 (2013).
[2] T. A. Vezirov, S. Gerloff and S. H. L. Klapp, Soft Matter DOI:
10.1039/c4sm01414f (2014).

DY 44.2 Thu 9:45 BH-N 333
Patterns driven by combined ac and dc electric fields in ne-
matic liquid crystals — ∙Alexei Krekhov1, Werner Pesch2,
Nandor Eber3, and Agnes Buka3 — 1Max Planck Institute
for Dynamics and Self-Organization, 37077 Göttingen, Germany —
2Institute of Physics, University of Bayreuth, 95440 Bayreuth, Ger-
many — 3Institute for Solid State Physics and Optics, Hungarian
Academy of Sciences, H-1525 Budapest, Hungary
Electroconvection and flexoelectric patterns in a nematic liquid crys-
tal layer driven by two superimposed ac and dc voltages, where each
of them would separately trigger patterns of different spato-temporal
symmetry, are investigated. An extended model of the electrohydro-
dynamic instabilities was used to characterize the onset of pattern
formation in the two-dimensional parameter space of the magnitudes
of the ac and dc voltages. It is demonstrated that depending on the
type of patterns and on the ac frequency, the combined action of ac
and dc fields may either enhance or suppress the formation of spatially
periodic patterns. The theoretical predictions are compared with rep-
resentative experiments.

DY 44.3 Thu 10:00 BH-N 333
Turning Spirals into Fingers: The Impact of Advection on
Pattern-Formation in Excitable Media — ∙Munir Salman,
Philipp Bauer, and Katharina Krischer — Physik Department,
Nonequilibrium Chemical Physics, TU München, James-Franck-Str. 1,
85748 Garching, Germany
Inspired by experimentally observed solitary waves with non-curling
open ends in an electrochemical flow cell, we present simulations in
a two dimensional excitable reaction-diffusion-advection system. De-
pending on the advection strength, the tip of spiral waves can be
pushed toward the flow outlet, leaving a uniform system, or driven
against the advective flow, resulting in a finger-shaped wave fragment.
Thus, the peculiar experimental traveling ’fingers’ can be explained by
the presence of advective flow in the experimental system.

DY 44.4 Thu 10:15 BH-N 333
Localized states in the conserved Swift-Hohenberg equation
(aka the Phase Field Crystal quation) — ∙Uwe Thiele1, An-
drew J. Archer2, Mark J. Robbins2, Hector Gomez3, and
Edgar Knobloch4 — 1Institut für Theoretische Physik, Westfälische
Wilhelms-Universität Münster, Germany — 2Department of Math-
ematical Sciences, Loughborough University, Loughborough, UK —
3University of A Coruna, 15192 A Coruna, Spain — 4Department of
Physics, University of California, Berkeley, CA, USA
We consider the structure of localised states for the phase field crys-

tal (PFC) model [aka conserved Swift-Hohenberg (cSH) equation with
cubic nonlinearity] that may be obtained as a local approximation of
a dynamical density functional theory (DDFT) for colloidal crystalli-
sation [1].

We determine the location of steady spatially localized structures in
the temperature vs. mean order parameter plane combining numerical
continuation in 1d and direct numerical simulation in 2d and 3d. The
results are related to the phenomenon of slanted snaking but take the
form of standard homoclinic snaking when the mean order parameter
is plotted as a function of the chemical potential [2].

[1] H. Emmerich et al., Adv. Phys. 61, 665 (2012). [2] U. Thiele,
A. J. Archer, M. J. Robbins, H. Gomez, and E. Knobloch, Phys. Rev.
E. 87, 042915 (2013).

DY 44.5 Thu 10:30 BH-N 333
Unveiling the Bifurcation Diagram of Pattern Formation in
Surfactant Monolayer Transfer — ∙Michael Köpf1 and Uwe
Thiele2 — 1Departement de Physique, Ecole Normale Superieure
Paris, France — 2Institut für Theoretische Physik, WWU Münster,
Germany
Spontaneous pattern formation in deposition processes at receding con-
tact lines has become a versatile tool to coat substrates with well con-
trolled micro- and nanostructures. As a paradigmatic example, the
coating of substrates with periodically structured monolayers has in
recent years been investigated by theoreticians [1,2] and experimental-
ists [3,4] alike. Here, we present recent progress [5], allowing for the
first time to understand the intricate bifurcation diagram of the sys-
tem that exhibits a snaking branch of stationary solutions. Each nose
of the snake is connected to a branch of time periodic solutions. Using
numerical continuation, we detect various local and global bifurcations
and investigate how the solution structure depends on the system size.
These results are of wide interest for the theoretical description of pat-
tern formation in systems with nontrivial boundary conditions.

[1] Köpf, Gurevich, Friedrich, Thiele, New J. Phys. 14 (2012) 02316
[2] Köpf, Gurevich, Friedrich, Chi, Langmuir 26 (2010) 10444-10447
[3] Li, Köpf, Gurevich, Friedrich, Chi, Small 8 (2012) 488-503
[4] Köpf, Harder, Reiche, Santer, Langmuir 27 (2011) 12354-12360
[5] Köpf, Thiele, Nonlinearity 27 (2014) 2711-2734

DY 44.6 Thu 10:45 BH-N 333
Faraday Waves as dynamical system under time asymmetric
periodic excitation — ∙Thomas John1,2, Dirk Pietschmann2,
Ralf Stannarius2, and Christan Wagner1 — 1Universität des
Saarlandes, 66123 Saarbrücken — 2Otto-von-Guericke-Universität
Magdeburg, 39016 Magdeburg
The Faraday wave experiment is a paradigm for parametric excitable
systems, in particular by periodic accelerations. We investigated the
onset of the patter formation by periodic, however time asymmetric
wave form shapes in excitation. In that case a new question arises:
Does the threshold amplitude of the first instability changes - if the
asymmetric periodic waveform is only reversed in time. Simple wave
forms like sine or square waves are identical under time reversed trans-
formation and can’t lead to an influence of the stability of the system.
We present our experimental and theoretical results for the Faraday
system. The linear stability analysis derived from the Navier-Stokes
equations will discussed for arbitrary periodic wave forms. In addition,
a simpler analytical example system with parametric, periodic and
time asymmetric driving is presented. In this example: if the shape
of the excitation is exclusively time reversed (amplitude is the same)
then the stability changes from unstable to stable and vice versa. The
reduced complexity in the example system presents the mathematical
properties more clear. Nevertheless, the linear stability analysis of the
Faraday wave experiment shows a perfect agreement with our exper-
imental obtained results. D. Pietschmann, R. Stannarius, C. Wagner
and T. John, PRL 110, 094503 (2013).

15 min. break

DY 44.7 Thu 11:15 BH-N 333
On the self-assembly of magnetic cubes - infinite frustration
bears a sevenfold magnetic clutch — ∙Ingo Rehberg — Exper-
imentalphysik V, Uni Bayreuth
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The self-assembly of magnetic particles into a simple cubic lattice [1]
triggers questions like: - Why do they form cuboids,rather than chains
or ribbons? - What is the overall magnetization of those clusters? -
How susceptible are they to external magnetic fields? - What is the
arrangement of the individual magnets within those clusters?

Answers are provided by experimental investigations [1] and calcula-
tions based on dipole-dipole interaction of magnetic particles [2]. The
minimal arrangement consisting of eight dipoles arranged in the cor-
ners of a cube bears a continuum of dipoles arrangements as the ground
state, suggesting a seven-fold magnetic clutch operating smoothly in
the flat potential valley of this goldstone mode.

[1] S. Mehdizadeh Taheri, S. Rosenfeldt, M. Michaelis, M. Drech-
sler, B. Förster, P. Böseke, T. Friedrich, I. Rehberg, and S. Förster, in
preparation.

[2] J. Schönke, T. Schneider, and I. Rehberg, in preparation.

DY 44.8 Thu 11:30 BH-N 333
The tongue as an excitable medium — ∙Gabriel Seiden1,2 and
Sofia Curland2 — 1Max Planck Institute for the Physics of Complex
Systems, Dresden 01187 — 2Weizmann Institute of Science, Rehovot
76100, Israel
Geographic tongue (GT) is a medical condition affecting approximately
2% of the population, whereby the papillae covering the upper part of
the tongue are lost due to a slowly expanding inflammation. The resul-
tant dynamical appearance of the tongue has striking similarities with
well known out-of equilibrium phenomena observed in excitable media,
such as forest fires, cardiac dynamics and chemically driven reaction-
diffusion systems. We explore the dynamics associated with GT from
a dynamical systems perspective, utilizing cellular automata simula-
tions. Our results shed light on the evolution of the inflammation and
suggest a practical way to classify the severity of the condition, based
on the characteristic patterns observed in GT patients.

DY 44.9 Thu 11:45 BH-N 333
Homoclinic snaking near the surface instability of a polariz-
able fluid — ∙David J.B. Lloyd1, Christian Gollwitzer2, Ingo
Rehberg2, and Reinhard Richter2 — 1Department of Mathemat-

ics, Univ. of Surrey, Guildford, GU2 7XH, UK — 2Experimentalphysik
V, Universität Bayreuth, D-95440 Bayreuth, Germany
We report on localized patches of cellular hexagons observed on the
surface of a magnetic fluid in a vertical magnetic field. These patches
are spontaneously generated by jumping into the neighborhood of the
unstable branch of the domain covering hexagons of the Rosensweig
instability. They are found to co-exist in intervals around this branch.
We derive a general energy functional for the system and a correspond-
ing Hamiltonian that provides a pattern selection principle allowing
us to compute Maxwell points for general magnetic permeabilities.
Using numerical continuation techniques we investigate the existence
of localized hexagons in the Young-Laplace equation coupled to the
Maxwell equations. We find cellular hexagons possess a Maxwell point
where the energy of a single hexagon is equal to the energy of the flat
state providing an energetic explanation for the multitude of measured
hexagon patches. Furthermore, it is found that planar hexagon fronts
and hexagon patches undergo homoclinic snaking corroborating the
experimentally detected intervals.

DY 44.10 Thu 12:00 BH-N 333
Rupture dynamics of liquid crystal bubbles — ∙Torsten Trit-
tel and Ralf Stannarius — Otto-von-Guericke Universität, Magde-
burg, Germany
Several organic liquid materials are able to form stable free standing
films. A famous example is the formation of soap bubbles. They are
more or less stable objects, until the film is sufficiently disturbed, e.g.
when it is punctured. Then, the whole structure becomes unstable and
the bubble bursts. We investigate the rupture dynamics of bubbles
made from different thermotropic liquid crystal materials by means of
high speed imaging. In contrast to soap films, our smectic films have
a complete different inherent structure. This structure allows to gen-
erate homogeneous films with very low thickness. Furthermore liquid
crystal films are stable for days, without drainage or evaporation. In
our study, we puncture liquid crystal bubbles with film thicknesses of
between 10nm and 300 nm and diameters of about 15 mm. We focus
on rupture velocities and the destabilization of the retracting rim into
filaments.

DY 45: Focus: Disordered Systems, Glasses under Shear I (joint session CPP/ DY)

Time: Thursday 9:30–13:00 Location: C 243

Invited Talk DY 45.1 Thu 9:30 C 243
Flow instabilities in soft glassy materials — ∙Suzanne Fielding
— Department of Physics, Durham University, UK
Many soft materials, including dense emulsions, microgel suspensions,
star polymers, onion surfactants, and textured morphologies of liq-
uid crystals, share underlying glassy features of structural disorder
and metastability. These give rise to several notable features in the
low frequency rheology of these materials: for example, the existence
of a yield stress below which the material behaves like a solid, and
above which it flows like a liquid. Experiments have also revealed that
these materials often display a phenomenon known as shear banding,
in which the flow profile across the shear cell exhibits macroscopic
bands of different viscosity. Two distinct classes of yield stress fluid
have been identified: those in which the shear bands apparently persist
permanently (for as long as the flow is applied), and those in which
banding arises only transiently during a process in which a steady flow-
ing state is established out of an initial rest state (eg in shear startup
or step stress). After surveying this motivating experimental data, we
describe recent progress in addressing it theoretically, using the soft
glassy rheology model and a simple fluidity model. Time permitting
we shall also discuss failure modes of these ”soft glassy materials” in
free-surface extensional flows.

DY 45.2 Thu 10:00 C 243
Shear cessation in a Brownian-dynamics simulation for 2D
hard disks — ∙Sebastian Fritschi and Matthias Fuchs — Fach-
bereich Physik, Universität Konstanz, 78457 Konstanz, Germany
We present results from a Brownian-dynamics computer simulation for
the nonequilibrium transient dynamics in a colloidal glass former after
the cessation of shear flow. In the glass, persistent residual stresses are
found that depend on the flow history. The partial decay of stresses
from the steady state to this residual stress is governed by the pre-

vious shear rate. Using a glassy hard-disk system, we also link this
macroscale dynamics to microscopic particle motion, monitoring the
transient mean-squared displacement measured during the relaxation
from the steady state. A flow-induced second plateau is found in the
mean-squared displacement at long times.

DY 45.3 Thu 10:15 C 243
Microrheology of a Two-Dimensional Driven Granular Sys-
tem — ∙Peidong Yu, Boris Eberhardt, Sebastian Pitikaris,
and Matthias Sperl — Institut für Materialphysik im Weltraum,
Deutches Zentrum für Luft- und Rahmfahrt, Köln, Deutschland
We study the motion of a tracer particle pulled inside a two-
dimensional granular model system, where particle movements can be
controlled and precisely tracked. We put such a system on a shaking
table and apply vertical agitation as thermalization. We show how
well the particles are themalized in the horizontal direction. We then
drag a tracer particle through such a system with constant force or
constant velocity. Effective viscosities with different parameters are
measured. Different scenarios of shear thinning and shear thickening
are observed. The underlying physics is discussed and compared with
simulations and theories.

DY 45.4 Thu 10:30 C 243
Potential energy landscape analysis of sheared glass-forming
systems — ∙Markus Blank-Burian and Andreas Heuer — In-
stitut für Physikalische Chemie, WWU Münster, Deutschland
We performed molecular dynamics simulations of small binary
Lennard-Jones mixtures (65 ≤ 𝑁 ≤ 1040) under constant shear rates
and at a very low temperature (𝑇 = 0.01). The shearing is achieved by
applying Lees-Edwards periodic boundary conditions to the system.

In previous work on unsheared systems it was shown, that most of
the physical properties of macroscopic systems are already encoded
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in these small systems. The dynamics of these small systems can be
described by a continous time random walk (CTRW) between min-
ima of the potential energy landscape (PEL). Our focus now lies on
comparing these results with the constantly sheared system.

For the analysis of the sheared system, we perform energy mini-
mization using the strain as an additional variable. We then use this
information to identify inherent structures (IS) from the trajectories.
These IS turn out to have zero strain. Thus, they are comparable to
the unsheared system. From the resulting statistical data we hope to
gain a microscopic understanding of macrorheological phenomena like
the initial stress overshoot as well as the shear thinning in the plastic
flow regime.

Invited Talk DY 45.5 Thu 10:45 C 243
Dense granular flow — ∙Annette Zippelius — Institut für Theo.
Physik, Univ. Göttingen, Friedrich-Hund Platz 1, 37077 Göttingen
In the first part of the talk I will discuss a jamming scenario of fric-
tional particles, which can be interpreted as a nonequilibrium first
order phase transition (1). Results of numerical simulations will be
presented and analyzed in the framework of a simple model which can
account for both, the continuous frictionless case and the discontinu-
ous frictional case. The most important features of the frictional phase
diagram are reentrant behaviour and a critical jamming point at finite
stress.

The second topic to be discussed are dynamical heterogeneities and
scaling in a driven granular fluid as structural arrest is approached
(2). Large scale simulations of 2d bidisperse granular fluids allow us
to determine spatial correlations of slow particles via the four-point
structure factor. As the fluid approaches structural arrest, scaling is
shown to hold. Both the dynamic susceptibility as well as the dynamic
correlation, evaluated at the alpha-relaxation time,can be fitted to a
power law divergence at a critical packing fraction. The measured sus-
ceptibility widely exceeds the largest one previously observed for hard
sphere 3d fluids. The clusters of slow particles are neither compact nor
stringlike but fractal. The cluster size distrbution is shown to fall off
algebraically as structural arrest is approached.

(1) M. Grob, C. Heussinger and A. Zippelius, Phys. Rev E 89,
050201 (R) (2014); (2) K. Avila, H. C. Castill, A. Fiege, K. Vollmayr-
Lee and A.Zippelius, Phys. Rev. Lett. 113, 025701 (2014)

15 min. break

DY 45.6 Thu 11:30 C 243
Transient Rheology of Colloidal Suspensions - Shear Rever-
sal — ∙Miriam Siebenbürger1, Fabian Frahsa2, and Matthias
Fuchs2 — 1Helmholtz Zentrum Berlin, Germany — 2Universität Kon-
stanz, Germany
At low deformations, colloidal glasses exhibit first a linear deformation,
followed by a stress overshoot and the sheared steady state [1]. In this
transition range from solid to fluid the reversal of the shear deforma-
tion can spend insights in the dynamics of the underlying structural
transformations. Experimental investigations are performed by model
suspension of thermo-sensitive colloids, consisting of a poly(styrene)
core and a poly(N-isopropylacrylamide) shell. By a set of shear rever-
sal experiments the aging effect often observed in experimental systems
can be discussed separately from the structural transformations due to
the shear. The height and the position of the minimum of the under-
shoots in the reversed shear flow is correlated with the deformation
at the start of the shear reversal. All results for different shear rates
and waiting times will be compared to the Mode Coupling Theory
(MCT) and simulations, which show good agreement compared to the
experimental results [2].

[1] C. P. Amann, F. Weysser, M. Fuchs, M. Siebenbürger, M. Krüger
and M. Ballauff, J. Rheol. 57,149 (2012).

[2] F. Frahsa, A. Bhattacharjee, J. Horbach, M. Fuchs and T. Voigt-
mann, J. Chem. Phys. 138, 12A513 (2013).

DY 45.7 Thu 11:45 C 243
Lattice Boltzmann Simulations of Glass Forming Liquids —
∙Simon Papenkort1 and Thomas Voigtmann1,2 — 1Institut für
Materialphysik im Weltraum, Deutsches Zentrum für Luft- und Raum-
fahrt (DLR), Köln — 2Heinrich-Heine-Universität Düsseldorf
The rheology of complex fluids undergoing a glass transition, such as
colloidal suspensions or granular media, is highly nonlinear. The inter-
play between slow structural dynamics on the microscopic scale and a
mesoscopic flow field gives rise to non-Newtonian flow effects. Promi-

nent examples are shear thinning, dynamic yield and residual stresses.
In a confined flow geometry, the shear rates, and thereby the fluid
properties, can vary considerably in space and time. Even long after
the flow has stopped, the material properties are profoundly affected
by residual stresses.

Starting from first principles, mode coupling theory of the glass tran-
sition is able to provide constitutive equations that describe the history
effects determining the flow of glass-forming fluids. The Lattice Boltz-
mann method is a modern simulation scheme to solve the Navier-Stokes
equations even for complex flow geometries. We introduce a new, mod-
ified LB model [1] which is able to include memory-integral effects in
fluid-mechanics simulations and provides a link between both regimes.

We find the viscoelastic transient dynamics and the appearance of
residual stresses after stopping the flow to depend sensitively on the
chosen flow geometry.

[1] J. Chem. Phys. 140, 164507 (2014)

DY 45.8 Thu 12:00 C 243
Shear bands at the Jamming Transition: The role of Weak
Attractive Interactions — ∙Ehsan Irani1, Pinaki Chaudhuri2,
and Claus Heussinger1 — 1Institut für Theoretische Physik, Georg-
August-Universität Göttingen, Göttingen, Germany — 2Institute of
Mathematical Sciences, Tamil Nadu, India
We study the rheology of a particulate sytem close to Jamming in the
presence of weakly attractive interactions. Lees-Edwards boundary
conditions are used to simulate a shear-controlled flow. In addition to
Bagnold scaling at large shear rates, the attraction results in a finite
yield stress in the limit of small shear rates. In the yield regime a fragile
solid is formed and the rheology can be explained by a scaling argu-
ment that exploits the vicinity to the isostatic state. In the transition
region the shear stress develops a minimum, which (in large enough sys-
tems) leads to the formation of persistent shear bands. These features
are rationalized by a scenario that involves the competition between
attraction-induced structure formation and its break-down because of
shearing. Properties of shear bands are studied in order to reveal the
physical mechanisms that underly the non-monotonic flow curve and
the flow heterogenities in the transition region. This work may help
to elucidate the origin of shear bands in different materials with finite
and short-ranged attractive forces.

DY 45.9 Thu 12:15 C 243
Influence of drops on particles under shear — ∙Laurent
Gilson, Jennifer Wenzl, and Günter Auernhammer — Max
Planck Institute for Polymer Research, Physics at Interfaces, Mainz
We will present shear zone formation in granulates with and with-
out the influence of liquid droplets. 3D Laser Scanning Confocal Mi-
croscopy (LSCM) was used to image polydisperse spherical silica par-
ticles (7𝜇m) during quasi-steady strain controlled shear experiments.A
shear cell was formed using a fixed bottom plate and a nanoindenter
tip [1]. This arrangement creates a strain-controlled shear cell without
lateral walls. Samples consisted of polydisperse spherical silica parti-
cles suspended in an index matching liquid. Immiscible droplets were
used as a second phase. Position and form of the droplets, as well as
position and size of the particles were recorded simultaneously using a
dual channel LSCM [1,2,3]. Multiple images were taken during shear.
A complete record of individual particle and droplet movement during
shear was extracted.

We will focus our presentation on the differences between particles
attached to droplets and particles in bulk. We will discuss differences
and common features, as well as compare the results to features com-
monly found in sheared granular matter.

[1] Wenzl, J., Seto, R., Roth, M., Butt, H.-J., Auernhammer, G.,
Granul. Matter, 15, 391-400 (2012). [2] Crocker, J.C., Grier, D.G, J.
Colloid Interface Sci. 179(1), 298-310 (1996). [3] Roth, M., Schilde,
C., Lellig, P., Kwade, A., Auernhammer, G., Eur. Phys. J. E, 35(11),
124 (2012)

DY 45.10 Thu 12:30 C 243
Shear bands in a model glass former — ∙Gaurav Prakash
Shrivastav1, Pinaki Chaudhuri2, and Jürgen Horbach1 —
1Institut für Theoretische Physik II - Soft Matter, Heinrich-Heine-
Universität Düsseldorf, Germany — 2The Institute of Mathematical
Sciences, Chennai, India
We study the mechanical response of a binary Lennard-Jones mixture
by shearing it below the glass transition temperature with a constant
strain rate. The onset of flow is associated with an inhomogeneous
flow pattern [1,2]. Highly mobile regions form a long-lived shear-band-
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like structure. Although the flow curve is monotonic and stress-strain
response does not show any signature of a shear band, this heterogene-
ity is captured very well in the mean square displacement of particles.
The width of the shear band grows diffusively with time. We find that
shear bands are more pronounced in the cuboid boxes than in the cu-
bic boxes. This can be explained by the quadrupolar structure of the
local strain fields. To investigate the origin of shear bands we identify
the local events that lead to their formation. We observe that these
initial active spots are localized to one or two particles.
[1] P. Chaudhuri, J. Horbach, Phys. Rev. E 88, 040301(R) (2013).
[2] P. Chaudhuri, J. Horbach, Phys. Rev. E 90, 040301(R) (2014).

DY 45.11 Thu 12:45 C 243

Creep deformation of glasses under shear stress, results
from a schematic mode-coupling model — ∙Fabian Frahsa and
Matthias Fuchs — Fachbereich Physik, Universität Konstanz, 78457
Konstanz, Germany
The viscoelasticity of dense colloidal dispersions causes creep deforma-
tion under constant stress. Creep provides insight in the slow struc-
tural dynamics and dissipative processes of glasses.

We present predictions for the stress-driven rheology of glass from
a schematic model of the mode-coupling theory (MCT) and compare
them with experiments of core-shell micro gels. The schematic model
is motivated by the microscopic ITT-MCT approach to the stress re-
sponse of flow-driven systems and covers incompressible and homoge-
neous flows neglecting hydrodynamic interactions.

DY 46: Flow-Induced Structures in Complex Fluids - Part II (joint session CPP/ DRG,
Deutsche Rheologische Gesellschaft/ DY)

Time: Thursday 9:30–12:00 Location: C 264

DY 46.1 Thu 9:30 C 264
Rheology of PMMA solutions - the role of maximum stretch
ratio in the nonlinear regime — ∙Sara L. Wingstrand1, Qian
Huan1, Nicolas J. Alvares2, and Ole Hassager1 — 1Technical
University of Denmark, Kgs Lyngby, Denmark — 2Drexel University,
Philadelphia, USA
This work concerns linear and nonlinear rheology of poly(methyl
methacrylate) (PMMA) solutions. Oligomeric methyl methacrylate
is used as solvent. The concentration of polymer in solution has been
adjusted, such that the maximum stretch ratio (𝜆𝑚𝑎𝑥) is equal to that
of a polystyrene melt of 285 kg/mol (PS-285k). Accordingly, the mo-
lar mass of PMMA has been selected to obtain the same number of
entanglements (Z) as the PS-285k. The solutions are characterized
both in small amplitude oscillatory shear and in uniaxial extension,
where the influence of 𝜆𝑚𝑎𝑥 and Z is investigated. It is found that
the linear behavior of the PMMA solutions obey the tube model with
a dilution exponent of 1. Consequently, as intended, the normalized
dynamic moduli of the solutions overlap those of PS-285k. In the non-
linear regime the PMMA solutions exhibit a greater resemblance with
PS-285k, than other polymers having same Z but significantly different
values of 𝜆𝑚𝑎𝑥. Nevertheless, the observed trend in extensional steady
state viscosity vs. strain rate differs. Consequently we conclude that
introducing 𝜆𝑚𝑎𝑥 in the tube model to enable application in the non-
linear regime, is not sufficient for obtaining a unifying model valid for
polymer melts and solutions together.

DY 46.2 Thu 9:45 C 264
Linear and Nonlinear Rheological Behavior of Car-
boxymethyl Hydroxypropyl Guar Gum — ∙Daniel Szopinski1,
Ulrich A. Handge2, Werner-Michael Kulicke1, Volker
Abetz2,3, and Gerrit A. Luinstra1 — 1Institute of Technical
and Macromolecular Chemistry, University of Hamburg, Hamburg,
Germany — 2Institute of Polymer Research, Helmholtz-Zentrum
Geesthacht, Geesthacht, Germany — 3Institute of Physical Chemistry,
University of Hamburg, Hamburg, Germany
Guar gum is a natural non-ionic polysaccharide from the endosperm
of the guar bean (cyamopsis tetragonoloba), which primarily grows
in India and Pakistan. The water-thickening property is the main
driver for its industrial application, which is resulting from the high
molecular weight (1000-2000 kg/mol) and the formation of superstruc-
tures. Guar gum may be chemically modified with carboxymethyl
(CM) and/or hydroxypropyl (HP) entities to enhance the thermal sta-
bility and solubility in water. A comprehensive rheological character-
ization of carboxymethyl hydroxypropyl guar gum (CMHPG) will be
presented. Material functions were determined in experiments under
steady state shear flow, small amplitude oscillatory shear flow (SAOS)
and extensional flow (CaBER). The flow behavior at the application
relevant nonlinear viscoelastic region was mapped in large amplitude
oscillatory shear (LAOS) experiments. Structure-property relation-
ships were established for dilute and more concentrated solutions as
function of concentration and molecular weight. It is a basis for a de-
scription of the superstructures that guar gum and its derivatives form
in water.

DY 46.3 Thu 10:00 C 264

Relation between rheological and GPC triple detection char-
acterization of photo-oxidated LDPE — ∙Víctor Hugo Rolón-
Garrido, Matthias Kruse, and Manfred H. Wagner — Chair of
Polymer Engineering/Polymer Physics Berlin Institute of Technology
(TU Berlin), Fasanenstr. 90, D-10623, Berlin
Sheets of low-density polyethylene (LDPE) were subjected to photo-
oxidation in the presence of air using a xenon lamp to irradiate the sam-
ples for times between 1 day and 6 weeks. The formation of long-chain
branching up to 1 week of degradation and the competition between
chain scission and crosslinking at longer periods of radiation were in-
vestigated by rheological characterization, Fourier transform infrared
spectroscopy, and the solvent extraction method (Rolón-Garrido and
Wagner. Polym Degrad Stabil 2014, 99:136, Rolón-Garrido and Wag-
ner. J Rheol 2014, 58:199). The same samples are studied here by
size exclusion chromatographic characterization using triple detection
(concentration, light scattering and viscosity). The results are corre-
lated with the model parameters (beta and f2max) of the MSF model.
It is confirmed that the parameter beta correlates with the gel content,
while f2max is found to correlate with the experimentally determined
contraction factors. By comparing the data of this study with those
obtained earlier for polystyrene comb melts with well defined structure,
the influence of the branching frequency on f2max becomes evident.

DY 46.4 Thu 10:15 C 264
Relaxation Mechanism and Molecular Structure Study of
Polymer Blends by Rheological and SANS experiments —
∙Ludovica Hengeller1, Qian Huang1, Nicolas J. Alvarez2, An-
driy Dorokhin1, Jacob Kirkensgaard3, Kristoffer Almdal1,
Kell Mortensen3, and Ole Hassager1 — 1Technical University of
Denmark, Kgs. Lyngby, Denmark — 2Drexel University,Philadelphia,
USA — 3Copenhagen University
Industrial polymers are largely polydisperse systems. One step to-
wards understanding polydisperse polymers is the characterization of
bi-disperse blends. Even though linear viscoelastic properties of bi-
disperse polystyrene blends have been investigated thoroughly both
theoretically and experimentally in recent years, both nonlinear shear
and extensional flow properties are lacking. The purpose of the present
study is to investigate the nature of interactions, namely polymer-
polymer, in strong elongational flow using a bi-disperse polystyrene
blend of 95 K and 545 K Mw with 50% weight ratio. We present both
uniaxial extension and stress relaxation experiments to determine if
orientation and extension of long PS chains induce orientation and ex-
tension in shorter chains. The extensional viscosity of systems inves-
tigated, provides only indirect evidence about the extent to which the
molecules have been unraveled and stretched by the flow field. More
directed information is obtained by neutron scattering on quenched
liquid bridges of polystyrene. The results of such experiments will be
discussed.

DY 46.5 Thu 10:30 C 264
Flow-induced crystallisation of polylactides — ∙Dietmar
Auhl, Nils Leone, Yogesh Deshmukh, and Sanjay Rastogi —
Maastricht University, Maastricht, The Netherlands
Polylactides (PLA) obey like many biopolymers a relatively poor crys-
tallisation behaviour and are therefore difficult to process. In addi-
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tion, PLA grades may vary in D,L-enantiomer distribution and form
a stereocomplex, which significantly affects the crystallisation as well
as final properties or product performance. Therefore, various routes
are employed to control and improve the formation of crystal domains
further to optimisation of processing conditions, e.g. chain modifica-
tions, addition of plasticisers or nucleating agents [1]. In this study,
the crystallisation behaviour and morphology of such different PLA
grades has been investigated in detail by rheo-microscopy with po-
larised light imaging as well as rheo-scattering for a broad range of
thermo-mechanical histories and superposed to calorimetric data from
thermal analysis. The comparison of experiments and molecular theory
both highlight the flow-induced effects on polymer chains of initially
equilibrated Gaussian conformation that enhance the crystallisation
process, for which the total deformation and rate in relation to the time
scales of molecular motions are decisive. [1] Saeidlou, S.; Huneault, M.
A.; Li, H.; Park, C. B. Prog. Polym. Sci. (2012) 1657.

15 min. break

DY 46.6 Thu 11:00 C 264
Rheological and SEC characterization of long-chain branched
poly(ethylene terephthalate) — ∙Matthias Kruse, Víctor
Hugo Rolón Garrido, and Manfred H. Wagner — Chair of
Polymer Engineering/Polymer Physics, Berlin Institute of Technology
(Berlin), Fasanenstrasse 90, D-10623 Berlin, Germany
Reactive processing is an effective and economic method to produce
customized polymers fulfilling improved or additional properties. We
report on reactive extrusion of poly(ethylene terephthalate) (PET)
and demonstrate that linear PET can be converted into long-chain
branched (LCB) PET via chain extension thereby broadening the
range of possible applications. An anhydride and an epoxy based chain
extender were employed, which react with the functional end groups
of linear PET. Different concentrations of the two tetrafunctional cou-
pling reagents were used to achieve different degrees of branching and
to compensate for the degradation of the polymer during extrusion.
The formation of LCB was proven by dynamic plate-plate rheometry
and leads to a more pronounced shear thinning behavior and an in-
crease in the complex viscosity. The increase of molecular weight and
polydispersity are also confirmed by size exclusion chromatography
using triple detection (concentration, light scattering and viscosity).
The elongational viscosity measurements conducted with a SER de-
vice show an unexpected influence of the chain extender on the type of
sample rupture at larger extensions, and give clear evidence of different
levels of strain hardening with respect to the chain extender content,
as quantified by the molecular stress function (MSF) model.

DY 46.7 Thu 11:15 C 264
Foaming of polystyrene-block-poly(4-vinyl pyridine) diblock
copolymers: Thermal, rheological and processing proper-
ties — Maria Schulze1, ∙Ulrich Alexander Handge1, Jelena
Lillepärg1, Sofia Rangou1, and Volker Abetz1,2 — 1Institute
of Polymer Research, Helmholtz-Zentrum Geesthacht, Max-Planck-
Straße 1, 21502 Geesthacht, Germany — 2Institute of Physical Chem-
istry, University of Hamburg, Grindelallee 117, 20146 Hamburg, Ger-
many
Because of the high demand of polymer foams for application in the
fields of lightweight construction, membrane technology, thermal and
acoustic isolation the characterization of thermal and rheological prop-
erties of polymers for foam extrusion processes is of high relevance.
In this study, we discuss the thermal and rheological properties of

polystyrene-b-poly(4-vinyl pyridine) diblock copolymers and process-
ing of these diblock copolymers via batch foaming. Carbon dioxide
is used as blowing agent. High pressure differential calorimetry mea-
surements reveal that the solution of carbon dioxide in these diblock
copolymers leads to a decrease of the glass transition temperature of
the polystyrene and the poly(4-vinyl pyridine) blocks. Furthermore
rheological experiments in the oscillatory mode were carried out in or-
der to elucidate the influence of composition and molecular weight
on the flow properties. Stress-growth experiments reveal that the
steady-state viscosity is characterized by a pronounced structure vis-
cous behavior. Batch foaming experiments show that a larger molec-
ular weight yields a lower foam density.

DY 46.8 Thu 11:30 C 264
Combined rheology and structure analysis techniques —
∙Jörg Läuger — Anton Paar Germany, Ostfildern, Germany
The simultaneous use of rheological and structural analysis techniques
is helpful to gain a better understanding of the dependencies between
the microstructure and the mechanical properties of complex fluids.
Optical techniques like Small-Angle-Light-Scattering (SALS) or mi-
croscopy measurements have been used in combination with rheology.
Other techniques are Small-Angle-X-ray (SAXS) and Neutron (SANS)
Scattering. The decision on which technique to choose is based on the
size and type of the structure as well as on the general sample proper-
ties to be investigated. Density and orientation fluctuations within a
sample, averaged over the whole scattering volume, can be well moni-
tored by SALS. The advantage that individual structure elements are
seen in microscopy can be turned into a disadvantage when combined
with a rheometer. At larger shear rates or deformations the specific
structure element easily moves out of the field of view and can*t be
followed during an experiment. A way to overcome this issue is the
use of a rheometer employing two motors operating in a counter rota-
tion or counter oscillation fashion. The aim of this paper is to give an
overview over the various techniques used for structural investigations
simultaneous to rheological measurements and to introduce some new
techniques and methods.

DY 46.9 Thu 11:45 C 264
Combined rheo-optics and rheo-scattering study of struc-
ture evolution in biobased liquid-crystalline polymers —
∙Dietmar Auhl1, Carolus Wilsens1, Eric Stellamanns2, and
Sanjay Rastogi1 — 1Maastricht University, Maastricht, The Nether-
lands — 2Photon Science DESY, Hamburg, Germany
Thermotropic liquid-crystalline polymers (TLCP) are often used in
high-performance applications, for which the chemical composition and
flow effects on the micro- and mesoscale orientation need to be well
designed. Recently developed TLCP based on p-hydroxybenzoic acid,
suberic acid, and vanillic acid are partially aliphatic in contrast to com-
mercial TLCP such as ”Vectra”, and they exhibit stable nematic melt
morphologies up to 300∘C [1,2]. In this study, we investigate the effects
of temperature, shear deformation and rate on the molecular orienta-
tion and relaxation by rheo-optics as well as rheo-scattering with x-ray
and small-angle light-scattering. The results show that the threaded
morphology on a mesoscale breaks and orients along the flow direction
under continuous flow, while also the molecules orient on a microscopic
scale. The study provides detailed insights into the structure evolution
of TLCP and a unique toolbox to correlate molecular parameters to
properties and performance. [1] Wilsens, C., Noordover, B., Rastogi,
S. Polym. (2014) 2432; [2] Wilsens, C., Verhoeven, J., Noordover, B.,
Hansen, M., Auhl, D., Rastogi, S. (2014) 3306
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DY 47: Superconductivity: Higgs Modes in Condensed Matter and Quantum Gases (joint
session TT/ DY/ MA/ O)

Time: Thursday 9:30–11:15 Location: H 2053

Invited Talk DY 47.1 Thu 9:30 H 2053
A Brisk Walk through Phase Transitions in Time: Oscillating
Order and the Dynamics of Topological Defects — ∙Dragan
Mihailovic — Jozef Stefan Institute, Ljubljana, Slovenia
New techniques in time-resolved optical spectroscopy allow us to in-
vestigate phase transitions under controlled, yet highly non-ergodic
conditions. The measurement of the temporal evolution of not only
single particle and collective excitations, but also topological excita-
tions through the transition lead to a new insight into the emergence of
functional properties under non-equilibrium conditions. Experiments
on well-known rare earth and transition metal chalcogenides which I
will discuss reveal some unexpected phenomena. For example, fem-
tosecond coherent oscillations of the order parameter and the subse-
quent coherent creation and annihilation of topological defects leads to
a transient domain structure which decays through the emission of dis-
persive Higgs-like amplitude waves [1,2]. Remarkably, if the conditions
are right (defined by the material), the topological defects may form
an ordered metastable state, which is topologically protected, opening
a route to the creation of hidden states [3]. Such switching between
states with different charge order occurs at unprecedented speeds and
is of potential interest for ultrafast non-volatile memory technology,
with either optical or electrical control.

[1] R. Yusupov et al., Nature Phys. 6, 681 (2010)
[2] D. Mihailovic et al., J. Phys.: Condens. Matter 25, 404206 (2013)
[3] L. Stojchevska et al., Science 344, 177 (2014)

DY 47.2 Thu 10:00 H 2053
Nonadiabatic dynamics and coherent control of nonequi-
librium superconductors — ∙Andreas Schnyder1, Holger
Krull2, Dirk Manske1, and Götz Uhrig2 — 1Max-Planck-Institut
für Festkörperforschung, Heisenbergstrasse 1, D-70569 Stuttgart, Ger-
many — 2Lehrstuhl für Theoretische Physik I, Technische Univerität
Dortmund, Otto-Hahn Straße 4, 44221 Dortmund, Germany
Inspired by recent THz pump-THz probe experiments on NbN films [1],
we theoretically study the pump-probe response of nonequilibrium su-
perconductors coupled to optical phonons. For ultrashort pump pulses
a nonadiabatic regime emerges, which is characterized by amplitude
oscillations of the superconducting gap [2] and by the generation of co-
herent phonons [3]. Using density-matrix theory as well as analytical
methods, we compute the pump-probe response of the superconductor
in the nonadiabatic regime and determine the signatures of the order
parameter and of the phonon oscillations in the pump-probe conduc-
tivity. We find that the nonadiabatic dynamics of the superconductor
reflects itself in oscillations of the pump-probe response as a function of
delay time between pump and probe pulses [4]. We also consider two-
band superconductors and study the interplay of the two amplitude
oscillations of the two gaps.

[1] R. Matsunaga et al., PRL 111, 057002 (2013)
[2] E. A. Yuzbashyan et al., PRL 96, 097005 (2006)
[3] A. P. Schnyder, D. Manske, and A. Avella, PRB 84, 214513 (2011)
[4] H. Krull, D. Manske, G. S. Uhrig, and A. P. Schnyder, PRB 90,

014515 (2014)

DY 47.3 Thu 10:15 H 2053
THz Investigations of the Higgs Amplitude Mode in Super-
conducting Thin Films — ∙Martin Dressel1, Uwe S. Pracht1,
Daniel Sherman2, Aviad Frydman2, Boris Gorshunov1,3,4,
Pratap Raychaudhuri5, Nandini Trivedi6, and Assa Auerbach7

— 11. Phys. Inst., Universtät Stuttgart — 2Phys. Dept., Bar Ilan
University, Ramat Gan, Israel — 3General Physics Inst, RUS, Moscow,
Russia — 4Moscow Inst. Phys. and Techn., Dolgoprudny, Russia —
5Tata Inst. Fund. Res., Mumbai, India — 6Phys. Dept., Ohio State
University, Columbus, U.S.A. — 7Phys. Dept., Technion, Haifa, Israel
We have measured thin superconducting films of various degrees of dis-

order by THz spectroscopy in order to investigate the optical conduc-
tivity at low temperatures. While the properties of weakly disordered
superconductors, such as NbN or InO, can be well described by the
BCS theory, significant deviations are observed as disorder increases
towards the superconductor-insulator transition. On both sides of the
transition, tunneling spectroscopy determines a finite pairing gap 2Δ.
In contrast, the threshold frequency for the dynamical conductivity,
which in BCS theory is associated with the gap, vanishes critically
toward the superconductor insulator transition. Here we can identify
an excess optical spectral weight below 2Δ as the first unambiguous
evidence of a well-defined Higgs amplitude mode observed in a super-
conductor.

DY 47.4 Thu 10:30 H 2053
Magnon-Interactions and Higgs Mode in 2D Quantum An-
tiferromagnets from Raman Scattering — ∙Simon Weidinger
and Wilhelm Zwerger — Physik-Department, Technische Univer-
sität München, 85747 Garching, Deutschland
We present a theory for Raman scattering on 2D quantum antiferro-
magnets. The microscopic Fleury-Loudon Hamiltonian is expressed
in terms of an effective O(3)- model. Well within the Neel ordered
phase, the Raman spectrum contains both a two-magnon and two-
Higgs contribution which are calculated diagrammatically. The spec-
trum is dominated by a broad two-magnon peak but it is hardly af-
fected by the Higgs-mode of the 2D Neel ordered state. This is a
consequence of the momentum dependence of the Raman vertex in the
relevant 𝐵1𝑔 symmetry. The resulting nontrivial spectrum, which has
the antiferromagnetic exchange coupling as a single parameter, is in
very good agreement with experiments on undoped cuprates.

DY 47.5 Thu 10:45 H 2053
Higgs Mechanism in Three-Dimensional Topological Super-
conductors and Anomalous Hall Effect in Zero Magnetic Field
— ∙Flavio Nogueira and Ilya Eremin — Theoretische Physik III,
Ruhr-Universität Bochum
We discuss the peculiar nature of Higgs mechanism in an effective
field theory for three-dimensional topological superconductors. The
effective theory features two order parameters associated to the two
chiral fermion species in the system. The resulting electrodynamics of
such a topological superconductor exhibits a topological magnetoelec-
tric effect with an axion field given by the phase difference of the order
parameters. As consequence, the London regime is highly non-linear
and anomalous Hall effect in the absence of an external magnetic field
occurs. In this anomalous Hall effect the generated current transverse
to an applied electric field changes sign with the temperature. We also
discuss the scaling behavior of the penetration depth near the transi-
tion temperature, which is also shown to exhibit a scaling exponent
that is crucially influenced by the axion term, varying continuously as
function of the average phase difference.

DY 47.6 Thu 11:00 H 2053
Nonequlibrium dynamics of 𝑠- and 𝑑-wave superconductors —
∙Holger Krull2, Götz S. Uhrig1, Andreas P. Schnyder2, and
Dirk Manske2 — 1TU Dortmund, Dortmund, Germany — 2Max-
Planck-Institut für Festkörperforschung, Stuttgart, Germany
We study the nonequilibrium dynamics of 𝑠- and 𝑑-wave supercon-
ductors, which are induced by a ultra-short pump pulse or a quench,
respectively. The dynamics is studied by use of the density matrix
formalism as well as by analytical calculation. We focus on the tem-
poral evolution of the order parameter. For 𝑠-wave superconductors
the nonadiabatic evolution of the order parameter is well established
in the collisionless regime. It shows a 1/

√
𝑡 decaying oscillation, which

can be interpreted as Higgs mode in a superconductor. Here, we con-
sider the evolution of a 𝑑-wave order parameter and compare it with
the 𝑠-wave case.

70



Berlin 2015 – DY Thursday

DY 48: Networks: From Topology to Dynamics - Part II (joint session SOE/ DY/ BP)

Time: Thursday 12:00–13:15 Location: MA 001

DY 48.1 Thu 12:00 MA 001
Sensitivity against author name disambiguation of a motif-
based success score in coauthorship networks — ∙David F.
Klosik1, Stefan Bornholdt1, and Marc-Thorsten Hütt2 —
1Institut für Theoretische Physik, Universität Bremen — 2School of
Engineering and Science, Jacobs University Bremen
Motivated by the question whether large-scale citation datasets allow
for a quantitative assessment of social influences in form of coauthor-
ship of publications we investigate a success score [L. Krumov, C. Fret-
ter, M. Müller-Hannemann, K. Weihe, and M.-T. Hütt, EPJ B (84),
535 (2011)] for small collaboration patterns in coauthorship networks.
We find that when applied to a network compiled from aggregated cita-
tion data provided by the American Physical Society this score which
is based on the scale of small induced subgraphs (as known from motif-
analysis) is highly sensitive to details of the network construction from
the data; especially to the inevitable disambiguation of author names
(i.e., the scheme applied to group instances of author names into a
vertex). We argue that these findings might not be exclusive to coau-
thorship networks since similar ambiguities are present in the network
representations of other data [D.F. Klosik, S. Bornholdt, M.-T. Hütt,
Phys. Rev. E 90, 032811 (2014)].

DY 48.2 Thu 12:15 MA 001
Random Walks on Citation Networks — ∙Vimal Kishore and
Eduardo G. Altmann — Max Planck Institute for the Physics of
Complex Systems, Dresden, Germany
Scientific papers are the main source of communication of scientific
ideas and are connected to each other through citations. The digital-
ization of articles allows scientists to easily trace not only the citations
contained in a paper but also the citations a paper received. This mo-
tivates us to consider random walks on citation networks as models of
the search of scientific information scientists perform. The spreading
of the random walkers in the network provides information on the flow
of scientific ideas across different publications and fields. We discuss
different mechanisms leading to a sub-linear growth of the number of
discovered papers as a function of random-walk steps.

DY 48.3 Thu 12:30 MA 001
Restricting the h-index to a citation time window: A case
study of a timed Hirsch index — ∙Michael Schreiber — Insti-

tut für Physik, TU Chemnitz
The h-index has been shown to increase in many cases mostly because
of citations to rather old publications. This inertia can be circum-
vented by restricting the evaluation to a citation time window. Here
I report results of an empirical study analyzing the evolution of the
thus defined timed h-index in dependence on the length of the citation
time window.

DY 48.4 Thu 12:45 MA 001
An Interacting Network Perspective on Global Trade —
∙Julian Maluck and Reik V. Donner — Potsdam Institute for
Climate Impact Research, Germany
In the last years the International Trade Network (ITN) has caught ris-
ing attention among the scientific community. By decomposing coun-
tries into national industry sectors, data provided by multi-regional
input-output tables allow for a more detailed investigation into the sub-
structure of the ITN. We introduce an interacting network approach to
quantify trends and extreme events in global trade patterns between
1990 and 2011. Different definitions of subgraphs exhibit different
characteristic topological features of the ITN. This study compares
and evaluates partitions that are defined by industry sector and by
country, respectively. We assess how meaningful the notion of na-
tional economies in present-day globalized economy still is and show
that the approach of interacting networks provides suitable methods
to perceive important patterns in global trade.

DY 48.5 Thu 13:00 MA 001
From diffussion to evolutionary game theory on the multi-
layer — ∙Rubén J. Requejo, Nikos E. Kouvaris, and Albert
Díaz-Guilera — Foundamental Physics Department, Universitat de
Barcelona
I will present some results obtained within the LASAGNE project
(multi-LAyer SpAtio-temporal Generalized NEtworks), starting with
the effect of the multiplex structure on the diffusion of particles, fol-
lowing with the extension of agent-based dynamics to the multiplex
by means of an evolutionary game theoretical model of interacting
metapopulations, which shows the effect of the multilayer structure on
the replicator dynamics, and finishing with the observation of chimera
states in the multiplex for a public goods game with cooperators, de-
fectors and jokers.

DY 49: Dynamics on and of Networks (joint session SOE/ DY / BP)

Time: Thursday 12:00–13:15 Location: MA 001

DY 49.1 Thu 12:00 MA 001
Sensitivity against author name disambiguation of a motif-
based success score in coauthorship networks — ∙David F.
Klosik1, Stefan Bornholdt1, and Marc-Thorsten Hütt2 —
1Institut für Theoretische Physik, Universität Bremen — 2School of
Engineering and Science, Jacobs University Bremen
Motivated by the question whether large-scale citation datasets allow
for a quantitative assessment of social influences in form of coauthor-
ship of publications we investigate a success score [L. Krumov, C. Fret-
ter, M. Müller-Hannemann, K. Weihe, and M.-T. Hütt, EPJ B (84),
535 (2011)] for small collaboration patterns in coauthorship networks.
We find that when applied to a network compiled from aggregated cita-
tion data provided by the American Physical Society this score which
is based on the scale of small induced subgraphs (as known from motif-
analysis) is highly sensitive to details of the network construction from
the data; especially to the inevitable disambiguation of author names
(i.e., the scheme applied to group instances of author names into a
vertex). We argue that these findings might not be exclusive to coau-
thorship networks since similar ambiguities are present in the network
representations of other data [D.F. Klosik, S. Bornholdt, M.-T. Hütt,
Phys. Rev. E 90, 032811 (2014)].

DY 49.2 Thu 12:15 MA 001
Random Walks on Citation Networks — ∙Vimal Kishore and
Eduardo G. Altmann — Max Planck Institute for the Physics of

Complex Systems, Dresden, Germany
Scientific papers are the main source of communication of scientific
ideas and are connected to each other through citations. The digital-
ization of articles allows scientists to easily trace not only the citations
contained in a paper but also the citations a paper received. This mo-
tivates us to consider random walks on citation networks as models of
the search of scientific information scientists perform. The spreading
of the random walkers in the network provides information on the flow
of scientific ideas across different publications and fields. We discuss
different mechanisms leading to a sub-linear growth of the number of
discovered papers as a function of random-walk steps.

DY 49.3 Thu 12:30 MA 001
Restricting the h-index to a citation time window: A case
study of a timed Hirsch index — ∙Michael Schreiber — Insti-
tut für Physik, TU Chemnitz
The h-index has been shown to increase in many cases mostly because
of citations to rather old publications. This inertia can be circum-
vented by restricting the evaluation to a citation time window. Here
I report results of an empirical study analyzing the evolution of the
thus defined timed h-index in dependence on the length of the citation
time window.

DY 49.4 Thu 12:45 MA 001
An Interacting Network Perspective on Global Trade —
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∙Julian Maluck and Reik V. Donner — Potsdam Institute for
Climate Impact Research, Germany
In the last years the International Trade Network (ITN) has caught ris-
ing attention among the scientific community. By decomposing coun-
tries into national industry sectors, data provided by multi-regional
input-output tables allow for a more detailed investigation into the sub-
structure of the ITN. We introduce an interacting network approach to
quantify trends and extreme events in global trade patterns between
1990 and 2011. Different definitions of subgraphs exhibit different
characteristic topological features of the ITN. This study compares
and evaluates partitions that are defined by industry sector and by
country, respectively. We assess how meaningful the notion of na-
tional economies in present-day globalized economy still is and show
that the approach of interacting networks provides suitable methods
to perceive important patterns in global trade.

DY 49.5 Thu 13:00 MA 001
From diffussion to evolutionary game theory on the multi-
layer — ∙Rubén J. Requejo, Nikos E. Kouvaris, and Albert
Díaz-Guilera — Foundamental Physics Department, Universitat de
Barcelona
I will present some results obtained within the LASAGNE project
(multi-LAyer SpAtio-temporal Generalized NEtworks), starting with
the effect of the multiplex structure on the diffusion of particles, fol-
lowing with the extension of agent-based dynamics to the multiplex
by means of an evolutionary game theoretical model of interacting
metapopulations, which shows the effect of the multilayer structure on
the replicator dynamics, and finishing with the observation of chimera
states in the multiplex for a public goods game with cooperators, de-
fectors and jokers.

DY 50: Extreme Events (joint session DY/ SOE)

Time: Thursday 15:00–17:00 Location: BH-N 243

Invited Talk DY 50.1 Thu 15:00 BH-N 243
Branched Flows, Extreme Waves and the Random Focusing
of Tsunami Waves — ∙Ragnar Fleischmann — Max Planck In-
stitute for Dynamics and Self-Organization
Wave propagation in random media - this might sound abstract but is
in fact very tangible and almost omnipresent in science and everyday
life. Examples are surface water waves, but also light, sound, elec-
trons, tsunamis and even earth quakes are waves that in a natural
environment typically propagate through a complex medium. Due to
its complexity, the medium is often best described as random, with ex-
amples including the turbulent atmosphere, complex patterns of ocean
currents or a semiconductor crystal sprinkled with impurities. In re-
cent years it has become clear that even very small fluctuations in the
random medium, if they are correlated, lead to focussing of the waves
in pronounced branch-like spatial structures and to extreme wave in-
tensities. This branching has been reported for electron, micro, sound,
and water waves.

I will give an overview over the progress we made in the last few years
in the understanding of branched flows and the statistic of extreme
waves. As an example, I will discuss the random focusing of tsunamis
and its implications for the prediction of tsunami wave heights.

DY 50.2 Thu 15:30 BH-N 243
Computing the probability of rare trajectories — ∙Jorge
C. Leitão1, João M. Viana Parente Lopes2, and Eduardo G.
Altmann1 — 1Max Planck Institute for the Physics of Complex Sys-
tems, 01187 Dresden, Germany — 2Department of Physics and Center
of Physics, University of Minho, P-4710-057, Braga, Portugal
Estimating the probability of extreme events often requires finding
rare trajectories in (high-dimensional non-linear) dynamical systems.
In this talk we show how such trajectories can be efficiently sampled
using importance sampling Monte Carlo methods. We argue that the
applicability and efficiency of these methods depend on the sensitivity
of the observed quantity (in which the extreme event is measured) to
perturbations of the initial conditions (in the phase space). We show
analytical results and numerical simulations for different observables
in (hyperbolic and non-hyperbolic) chaotic systems.

- J. C. Leitão, J. M. Viana Parente Lopes, E. G. Altmann ”Efficiency
of Monte Carlo Sampling in Chaotic Systems”, Phys. Rev. E 90,
052916 (2014)

- J. C. Leitão, J. M. Viana Parente Lopes, E. G. Altmann ”Monte
Carlo Sampling in Fractal Landscapes”, Phys. Rev. Lett. 110, 220601
(2013)

DY 50.3 Thu 15:45 BH-N 243
Record statistics for complex random vector — ∙Shashi C.
L. Srivastava — Max Planck Institute for the Physics of Complex
Systems, Nöthnitzer Straße 38, 01187 Dresden Germany
In this talk, we present the analytical results for average record and
average number of records in case of delta-correlated variables. These
results are then compared with the numerical results for eigenfunctions
of quantized standard map and found in good agreement [1]. Specif-
ically, we will discuss the distribution of records which turns out to
be a Gumbel distribution and the logarithmic dependence of average

number of records on Planck’s constant.
References:
[1] Srivastava, S. C. L., Lakshminarayan, A., and Jain, S. R. Record

statistics in random vectors and quantum chaos, EPL 101, 10003
(2013).

DY 50.4 Thu 16:00 BH-N 243
Statistical analysis of extreme weather events in a changing
climate — ∙Philipp Müller and Holger Kantz — Max Planck
Institute for the Physics of Complex Systems, Dresden, Germany
It is often claimed and from the perspective of atmospheric physics
also plausible, that extreme weather conditions might occur more fre-
quently in a warmer climate. We discuss statistical approaches to
the characterization of the intensity and the frequency of extreme
weather conditions on moving time windows. We present analysis re-
sults from the analysis of instrumental weather data from the past
100 years in central Europe. Temperature extremes, precipitation ex-
tremes, and wind speed extremes have different properties, whereas
some very destructive extremes such as hailstorms have not been suf-
ficiently recorded. Based on these data, we are unable to proof the
existence of a systematic trend in extreme weather in Germany, al-
though there are signatures which are consistent with a trend towards
warming.

DY 50.5 Thu 16:15 BH-N 243
A data-adaptive definition of extreme events in time se-
ries exhibiting seasonality — Eva K. Hauber1,2,3 and ∙Reik V.
Donner1 — 1Potsdam Intsitute for Climate Impact Research, Pots-
dam, Germany — 2University of Copenhagen, Denmark — 3University
of Natural Resources and Life Sciences, Vienna, Austria
Environmental time series are often characterized by strong seasonal
variations. In such a case, extreme events are traditionally defined by
removing the underlying seasonal component in the mean and apply-
ing a threshold-based definition of an extreme to the residuals. How-
ever, this approach is only valid if the probability distribution function
(PDF) shows a seasonal modulation exclusively of its mean. In turn,
real-world climatological records exhibit heteroskedasticity, implying
that their variance (but often also the shape of the PDF) changes over
the year as well. Here, we present a data-adaptive method that allows
defining extreme events under such conditions. Our approach is based
on kernel estimates of the conditional PDF of the data taking the
phase during the year as a covariate, which allow estimating any given
quantile of the PDF as a function of this phase. We demonstrate the
capabilities of this new approach for artificial time series as well as real-
world observational data. Our results indicate that even for short time
series covering only a few periods, the data-adaptive method leads to a
systematic reduction of false identifications of extremes in comparison
to standard techniques.

DY 50.6 Thu 16:30 BH-N 243
Forecasting extreme events in high-dimensional excitable sys-
tems — ∙Stephan Bialonski1, Gerrit Ansmann2,3,4, and Hol-
ger Kantz1 — 1Max-Planck-Institute for the Physics of Complex
Systems, Dresden, Germany — 2Department of Epileptology, Uni-
versity of Bonn, Bonn, Germany — 3Helmholtz Institute for Radi-
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ation and Nuclear Physics, University of Bonn, Bonn, Germany —
4Interdisciplinary Center for Complex Systems, University of Bonn,
Bonn, Germany
The dynamics of many high-dimensional systems, ranging from nature
to technology and society, can exhibit extreme events, i.e. large devia-
tions from the average behaviour. Since extreme events can pose severe
threats and can have implications for economy, politics, or health, a
successful and reliable prediction of such events is highly desirable. We
investigate extreme events in a high-dimensional deterministic system:
a network of FitzHugh-Nagumo units. Mimicking field studies, we
assume that the temporal evolution of only some degrees of freedom
of the system is observed and that the exact equations of motion are
unknown. Addressing these challenges, we present a data-driven ap-
proach to predict extreme events which is only based on the time series
of some observables and on the coupling topology of the network. By
iterative predictions, we are able to forecast the onset of an extreme
event as well as the propagation and extinction of excitation, i.e. the
full life-cycle of an extreme event.

DY 50.7 Thu 16:45 BH-N 243
The Role of Perturbation Growth in Critical Transitions and
Extreme Events — ∙Nahal Sharafi1, Sarah Hallerberg1, and
Marc Timme1,2 — 1Max Planck Institute for Dynamics and Self-
Organization, Göttingen, Germany — 2Göttingen University, Göttin-
gen, Germany
Extreme events and critical transitions happen in a variety of dynami-
cal systems. Marked by their high magnitude as well as their infrequent
and irregular occurrence, they can lead to disasters.

Employing quantifiers of chaos, we work towards identifying changes
in the dynamical structure of complex systems before an extreme event
or a critical transition happens. Next we use these changes as precur-
sors of the events. Apart from possible practical implementations, such
as predictions, we use the relation between predictor and event in order
to understand the dynamical origins of the events under study.

As candidate precursors, we consider changes in different features of
covariant Lyapunov vectors such as growth rate, localization or direc-
tion.

DY 51: Complex Fluids and Soft Matter - Part III (joint session DY/ CPP / BP)

Time: Thursday 15:00–16:45 Location: BH-N 334

Invited Talk DY 51.1 Thu 15:00 BH-N 334
Melting of soft disks: From liquid-hexatic coexistence to
continuous transitions — ∙Sebastian C. Kapfer1,2, Manon
Michel2, and Werner Krauth2 — 1Theoretische Physik 1, FAU
Erlangen, Germany — 2LPS, Ecole normale supérieure, Paris, France
The melting transition of two-dimensional solids has been a subject of
continued research for more than fifty years, with the prevalent scenar-
ios being the KTHNY theory of defect unbindung and a conventional
first-order liquid-solid transition. For hard disks, the KTHNY scenario
has recently been essentially confirmed, even though the liquid-hexatic
step is of first order [1]. Using a new rejection-free global-balance
Monte Carlo algorithm [2], we show that this result transfers to soft
interactions with inverse power-law or Yukawa potentials [3]. The order
of the liquid-hexatic step can be tuned from first-order to continuous
by softening the potential. We show that there is always a hexatic
phase separating the liquid and solid phases, and identify two regimes
of the hexatic with vastly different correlation lengths. These results
rationalize a plethora of simulation results obtained in the past, and
could be verified in charged-colloid experiments.

[1] E. P. Bernard, W. Krauth, Phys. Rev. Lett. 107, 155704 (2011).
[2] M. Michel, S. C. Kapfer and W. Krauth, JCP 140, 054116 (2014).
[3] S. C. Kapfer, W. Krauth, preprint at arXiv:1406.7224.

DY 51.2 Thu 15:30 BH-N 334
Quasicrystalline Order and a “Crystal-Liquid" State in a
Soft-Core Fluid — ∙Andrew Archer1, Alastair Rucklidge2,
and Edgar Knobloch3 — 1Department of Mathematical Sci-
ences, Loughborough University, Loughborough, LE11 3TU, UK —
2Department of Applied Mathematics, University of Leeds, Leeds LS2
9JT, UK — 3Department of Physics, University of California at Berke-
ley, Berkeley, CA 94720, USA
Results will be presented for a two-dimensional system of soft particles
interacting via a two-length-scale potential that may be considered to
be a simple model for the effective interaction between dendrimers and
other such polymeric macromolecules in solution. Density functional
theory and Brownian dynamics simulations reveal the system has a
fluid phase and two crystalline phases with different lattice spacing.
Of these the larger lattice spacing phase can form an exotic periodic
state with a sizeable fraction of highly mobile particles: a “crystal
liquid”. Near the transition between this phase and the smaller lat-
tice spacing phase, quasicrystalline (QC) structures may be created
by a competition between linear instability at one scale and nonlinear
selection of the other. This dynamic mechanism for forming QCs is
qualitatively different from mechanisms observed previously. The sys-
tem first forms a small length scale crystal. Only when this phase is
almost fully formed (i.e., the dynamics is far into the nonlinear regime)
does the longer length scale start to appear, leading to the formation
of QCs [A.J. Archer, A.M. Rucklidge, and E. Knobloch, Phys. Rev.
Lett. 111, 165501 (2013)].

DY 51.3 Thu 15:45 BH-N 334

A New Particle-Based Mesoscopic Model for Nematic Liq-
uid Crystals — ∙Kuang-Wu Lee and Marco G. Mazza — Max-
Planck-Institut für Dynamik und Selbstorganisation, 37077 Gottingen,
Germany
We introduce a new mesoscopic model for nematic liquid crystals
(LCs). This approach combines the particle-based stochastic rota-
tion dynamics (SRD) method and the Ericksen-Leslie formulation of
nematohydrodynamics. SRD has been used to investigate hydrody-
namics at the mesoscopic level because it recovers the Navier-Stokes
equation. We extend the SRD scheme to anisotropic fluids, i.e. ne-
matic liquid crystals, by including the Ericksen-Leslie equations. We
verify the applicability of this hybrid model by few study-cases in LC
physics, e.g. the temperature-driven isotropic-nematic phase transi-
tion and the rheology of sheared LC. Our simulation results show that
this hybrid model captures many essential aspects of LC physics at the
macroscopic scale, while preserving microscopic thermal fluctuations.

DY 51.4 Thu 16:00 BH-N 334
Molecular simulations of liquid crystalline ferrofluids —
∙Stavros Peroukidis and Sabine Klapp — Institute of theoreti-
cal physics, Technical University of Berlin, Hardenbergstr. 36, 10623
Berlin, Germany
We explore the phase behavior and self assembly in binary mixtures of
uniaxial rod and magnetic dipolar sphere particles by means of molec-
ular simulations. We find that the mesogenic rods support the for-
mation of orientational ordered ferromagnetic chains which, in turn,
enhance the order of the liquid crystal. This ends up to liquid crys-
talline ferrofluids that possess two principal directors (one for each
species). The antiparallel arrangement of the ferromagnetic chains,
within the mesophases, cancels out macroscopic spontaneous magneti-
zation. Depending on the relative size of the species, the directors are
on average either parallel or perpendicular to each other, giving rise
to uniaxial or biaxial liquid crystalline ferrofluids including: nematic,
smectic, columnar phases and phase transformations between them.

DY 51.5 Thu 16:15 BH-N 334
Density functional theory for elongated polyhedra —
∙Matthieu Marechal and Klaus Mecke — Friedrich-Alexander-
Universit\”at Erlangen-N\”urnberg
Due to recent advances in synthesis of nanoparticles and colloids,
many-particle system of polyhedra are readily available for experi-
ments. This has spurred a host of many-particle simulation studies
on polyhedra. Recently, the lack of theoretical tools to study these
system was amended by proposing a density functional theory (DFT)
for polyhedra using the frame work of fundamental measure theory.

In this contribution, the application of DFT to elongated polyhe-
dra will be discussed. Recent advancements in the DFT of long rods
allow us to consider nematic and smectic liquid crystals in addition
to the isotropic phase. We will consider these phases for triangular
prisms that are elongated along their rotational symmetry axes. Col-
loids with this shape could be synthesized using nanolithography. We
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calculate the liquid crystal phase diagram and compare our results to
Monte Carlo simulations.

DY 51.6 Thu 16:30 BH-N 334
Dynamical Crossover at the Liquid-Liquid Transformation of
a Compressed Molten Alkali Metal — Taras Bryk1,2, Simone
De Panfilis3,1, Federico A Gorelli4,5, Eugene Gregoryanz6,
Michael Krisch7, Giancarlo Ruocco1,5, Mario Santoro8, Tul-
lio Scopigno1,5, and ∙Ari Paavo Seitsonen9,10 — 1Dip. Fisica,
Univ. La Sapienza, Roma, Italy — 2Inst. Cond. Matter Phys. of
NASU, Lviv, Ukraine — 3Centre for Life Nano Science IIT@Sapienza,
Istituto Italiano di Tecnologia, Roma, Italy — 4Eur. Lab. for Non-
Linear Spectr., Firenze, Italy — 5IPCF-CNR, c/o Univ. La Sapienza,
Italy — 6Centre for Science at Extreme Conditions, Univ. Edinburgh,
United Kingdom — 7Eur. Synchr. Res. Facility, Grenoble, France —

8IFAC-CNR, Sesto Fiorentino, Italy — 9Dept. Chemie, Univ. Zürich,
Switzerland — 10Dépt. Chimie, ENS Paris, France
Density-driven phase transformations are a known phenomenon in
liquids. Pressure-driven transitions from an open low-density to a
higher-density close-packed structure were observed for a number of
systems. Here, we show a less intuitive, inverse behavior. We inves-
tigated the electronic, atomic, and dynamic structures of liquid Rb
along an isothermal line at 573 K, at 1.2-27.4 GPa, by means of ab
initio molecular dynamics simulations and inelastic x-ray scattering ex-
periments. Above 12.5 GPa, the breakdown of the nearly-free-electron
model drives a transition of the pure liquid metal towards a less metal-
lic, denser liquid, whose first coordination shell is less compact. Our
study unveils the interplay between electronic, structural, and dynamic
degrees of freedom along this liquid-liquid phase transition.

DY 52: Glasses and Glass transition (joint session DY/ DF/ CPP)

Time: Thursday 15:00–17:30 Location: BH-N 128

DY 52.1 Thu 15:00 BH-N 128
Binary colloidal mixtures investigated by differential dynamic
microscopy — ∙Tatjana Sentjabrskaja, Marco Laurati, and
Stefan U. Egelhaaf — Condensed Matter Physics Laboratory,
Heinrich-Heine University, D-40225 Duesseldorf, Germany
We investigate dynamics of colloids in binary mixtures of hard spheres
with large size asymmetry, using confocal differential dynamic mi-
croscopy (con-DDM). This technique allows to study wave vector de-
pendent dynamics of particles by analysing time series of confocal
microscopy images. Analysis of the Fourier spectra of image differ-
ences acquired at different delay times allows to determine the time-
dependent density-density correlation functions and, from its shape
and decay time, the nature and characteristic times of particles’ dy-
namics. To benchmark con-DDM, we investigate one-component sys-
tems of colloidal particles at different volume fractions. Diffusion co-
efficients of particles as a function of volume fraction obtained from
con-DDM measurements are found to be in good agreement with those
obtained using dynamic light scattering experiments. We additionally
show that con-DDM can be used to separately study the dynamics of
single species in multicomponent systems using fluorescent labeling.
In particular, we are able to determine the dynamics of sub-resolution
tracer particles in binary colloidal mixtures with large size asymme-
try, as a function of increasing volume fraction of the large particles.
The motion of the tracer, small particles becomes increasingly con-
strained by the dense matrix of large spheres, resulting in complex,
non-diffusive motion of the tracers.

DY 52.2 Thu 15:15 BH-N 128
Critical-like behaviour in non-crystalline solids caused by an-
gular correlations — ∙Mariya Rasshchupkyna1,2,3, Volodymyr
Bugaev3,4, Johannes Roth5, Gerhard Grübel6,1, and Peter
Wochner3,4 — 1The Hamburg Centre for Ultrafast Imaging (CUI)
— 2University of Hamburg — 3Max Planck Institute for Intelligent
Systems, Stuttgart — 4Max Planck Institute for Solid State Research,
Stuttgart — 5Institute for Functional Materials and Quantum Tech-
nologies, University of Stuttgart — 6DESY
Modern experimental techniques on the basis of coherent scattering
data, such as X-ray cross-correlation analysis (XCCA) [1] allow the di-
rect determination of angular correlations (and their modes) in molec-
ular disordered systems. We performed molecular dynamics (MD) sim-
ulations for model systems with Dzugutov-type [2] interaction adjusted
for the creation of glassy-type quasi-equilibrium states. XCCA applied
to the simulated coherent scattering patterns of the MD samples re-
veals a four-point dodecagonal dominant mode responsible for the for-
mation of non-commensurate structures, as found in glasses and qua-
sicrystals. Strikingly, this mode exhibits a pronounced temperature-
dependence indicating a critical-type behavior in the vicinity of the
glassy-type transition.

References
1. P. Wochner, C. Gutt, T. Autenrieth, T. Demmer, V.N. Bugaev,

A. D. Ortiz, A. Duri, F. Zontone, G. Grübel, H. Dosch, Proc. Natl.
Acad. Sci. USA 106, 11511 (2009).

2. M. Dzugutov, Phys. Rev. Lett. 70, 2924 (1993).

DY 52.3 Thu 15:30 BH-N 128

Nonaffine deformations, glass transition, and yielding in dis-
ordered solids — ∙Alessio Zaccone — Physics-Department, Tech-
nische Universität München
A new approach to the glass transition has been recently developed
from the angle of nonaffine elasticity. Due to structural disorder, the
particle motions in glasses under shear do not merely follow the im-
posed affine pathways prescribed by the strain tensor of standard con-
tinuum linear elasticity, but deviate significantly to undergo additional
nonaffine displacements. Importantly, these nearest-neighbour forces
would exactly cancel out mutually in any ordered lattice with local
center-inversion symmetry. The concept of nonaffine free energy of de-
formation can be applied to molecular and atomic glasses. The result-
ing scheme has been implemented to predict the T-dependence of the
shear modulus of polymer glasses and its vanishing at the glass transi-
tion. The main effect leading to vanishing of rigidity can be identified
with the decrease of the average effective intermolecular connectivity
as the material expands upon increasing T. In turn, this makes the neg-
ative nonaffine contribution to free energy become increasingly more
important as T rises, until the free energy of deformation vanishes at
a critical temperature for mechanical instability, which is very close to
the calorimetric glass transition. Besides nonaffinity, an important role
is played by anharmonic interactions which control the thermal expan-
sion coefficient of the glass, which in turn controls how connectivity
decreases with increasing T.

DY 52.4 Thu 15:45 BH-N 128
The Potential Energy Landscape of microrheologically driven
supercooled liquids — ∙Carsten F. E. Schroer1,2 and Andreas
Heuer1,2 — 1Westfälische Wilhelms-Universität, Münster, Germany
— 2NRW Graduate School of Chemistry, Münster, Germany
We perform computer simulations of a fragile model glass-former in
which a single particle is driven by an external force through the liquid.
Thereby, we track the path the system takes through its underlying
Potential Energy Landscape (PEL) and aim for understanding how
this is altered by the external field[1,2] and how the altering is related
to the nonlinear responses of dynamic quantities.

In the PEL approach, the dynamics of undriven (strong and frag-
ile) glass formers have found to be very well described in terms of
an improved trap model, the Gaussian Glass Former (GGF)[3]. In
this talk we want to demonstrate, how the GGF can be extended to
driven supercooled liquids. This enables one to predict typical nonlin-
ear responses like the nonlinear decay of the local friction coefficient
as well as highly nontrivial effects like the occurrence of effective tem-
peratures. Within this framework we can quantitatively predict the
numerically observed effective temperatures in terms of the kinetics of
the force-dependent hopping processes in the PEL. This establishes an
intimate relation between the thermodynamics and the kinetics also in
the highly non-equilibrium regime.

[1] C. F. E. Schroer, A. Heuer, J. Chem, Phys 138, 12A518 (2013)
[2] C. F. E. Schroer, A. Heuer, Phys. Rev. Lett 110, 067801 (2013)
[3] A. Heuer, J. Phys.: Condens. Matter 20, 373101 (2008)

DY 52.5 Thu 16:00 BH-N 128
Physical mechanisms of nonlinear conductivity: A model
analysis — ∙Andreas Heuer and Lars Lühning — Institute for
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Physical Chemistry, University of Münster, Germany
Nonlinear effects are omnipresent in thin films of ion conducting ma-
terials showing up as a significant increase of the conductivity upon
increasing electric field. For a disordered hopping model general phys-
ical mechanisms are identified giving rise to the occurrence of positive
or negative nonlinear effects, respectively. Analytical results are ob-
tained in the limit of high but finite dimensions [1]. They are com-
pared with the numerical results for 3D up to 6D systems. A very good
agreement can be found. The results can also be used to rationalize
previous numerical simulations. The implications for the interpreta-
tion of nonlinear conductivity experiments on inorganic ion conductors
are discussed.

[1] A. Heuer, L. Lühning, J. Chem. Phys. 140, 094508 (2014).

15 min. break

DY 52.6 Thu 16:30 BH-N 128
Where to go in a rough free-energy landscape? — ∙Stefan
Schnabel and Wolfhard Janke — Universität Leipzig
Frustrated spin systems like the Edwards-Anderson spin glass are no-
torious for disorder-induced frustration. Sampling their rough free-
energy landscape is very challenging and only small systems can be
investigated. Over the years great efforts have been made to improve
both hardware and implementation, yet the basic method for the inves-
tigation of 3d spin glasses is and has been parallel tempering [1]. Here,
we explore the possibility of using additional information obtained by
a local minimization procedure similar to the basin-hopping algorithm
[2]. Altering the statistical weight of conformations according to the
depth of nearby local minima can reduce autocorrelation time. We
investigate whether this improvement outweighs the additional com-
putational cost.

[1] K. Hukushima and K. Nemoto, J. Phys. Soc. Japan 65 (1996)
1604. [2] D. J. Wales, J. Phys. Chem. A 101 (1997) 5111.

DY 52.7 Thu 16:45 BH-N 128
Evidence for a Novel Relaxation Mechanism in Glasses at
Very Low Temperatures — ∙Marius Hempel, Andreas Reiser,
Andreas Fleischmann, and Christian Enss — Kirchhoff-Institut
für Physik, Universität Heidelberg, 69120 Heidelberg
The acoustic and dielectric properties of amorphous solids at low tem-
peratures are governed by two level tunneling systems and can be de-
scribed in similar ways. One difference is however, that electric fields
couple only to tunneling systems carrying an electric dipole moment,
whereas acoustic measurements couple to all tunneling systems. Thus,
the two methods complement each other and can therefore lead to a
better understanding of the underlying processes.

Low frequency measurements of the dielectric properties of the two
multicomponent glasses N-KZFS11 and HY-1, containing significant
amounts of tantalum and holmium respectively, have recently shown
unexpected behavior, which cannot be understood in terms of the so
called standard tunneling model. This behavior has been attributed
to the very large nuclear electric quadrupole moments of 181Ta and
165Ho.

We present the first measurements of the acoustic properties of N-
KZFS11 and HY-1 in the kHz range down to 10mK. The results of
these measurements underpin the observations seen in dielectric exper-
iments and provide further evidence for a novel relaxation mechanism
in such glasses.

DY 52.8 Thu 17:00 BH-N 128
Non-Universal Dielectric Properties of Glasses at Very Low
Temperatures — ∙Annina Luck, Andreas Reiser, Andreas
Fleischmann, and Christian Enss — Kirchhoff-Institut für Physik,
Universität Heidelberg, 69120 Heidelberg
The universal behaviour of amorphous solids at low temperatures,
governed by two level tunneling systems and described by the stan-
dard tunneling model, has long been a generally accepted fact. In
the last years, however, measurements of dielectric two-pulse polar-
ization echoes have revealed that nuclear electric quadrupole mo-
ments involved in atomic tunneling systems can cause specific material-
dependent effects in magnetic fields.

We show measurements of dielectric properties of the two multicom-
ponent glasses N-KZFS11 and HY-1, containing significant amounts of
tantalum and holmium respectively. As 181Ta and 165Ho both carry
very large nuclear electric quadrupole moments, these glasses are ideal
candidates to determine the influence of these moments on the physical
properties of glasses down to very low temperatures.

Our measurements not only show unique dielectric behaviour in both
glasses, but also differ significantly from various predictions of the stan-
dard tunneling model.

DY 52.9 Thu 17:15 BH-N 128
Thermography on Luminescent Barium Borate Glass for
White-LED Applications — ∙Florian Wagner1, Peter Nolte2,
and Stefan Schweizer1,2 — 1South Westphalia University of Ap-
plied Sciences, Lübecker Ring 2, 59494 Soest — 2Fraunhofer Applica-
tion Center for Inorganic Phosphors, Branch Lab of Fraunhofer Insti-
tute for Mechanics of Materials IWM, Lübecker Ring 2, 59494 Soest
White light-emitting diodes (W-LEDs) represent one of the most
promising lighting technologies for the future. Primarily used in many
lighting applications is a blue LED combined with a yellow phosphor.
The phosphor powder is usually embedded in an organic polymer and
coated onto the LED chip. Heat-induced degradation of the organic
encapsulate, however, results in an efficiency decrease and color tem-
perature change. Luminescent glasses or glass ceramics are an inter-
esting alternative due to their higher thermal and chemical stability.
This work focuses on the thermal behaviour of luminescent barium bo-
rate glasses under intense excitation with ultraviolet/blue light. The
glasses are doped with rare-earth ions for optical activation. Upon ab-
sorbing the ultaviolet/blue light, the rare-earth ions show their typical
emission in the visible spectral range. Here, not all of the absorbed
light is frequency-downshifted, but a significant part is released in the
form of heat. Contact-free infrared thermography enables an analysis
of the heat development in these materials. An algorithm based on
the partial differential heat equation is developed to calculate the heat
source density of the optical excitation from the surface temperature
distribution.

DY 53: Focus: Disordered Systems/Glasses under Shear (joint session CPP/ DY)

Time: Thursday 15:30–17:00 Location: C 243

Invited Talk DY 53.1 Thu 15:30 C 243
Microscopic flows of complex suspensions — ∙Anke Lindner
— PMMH-ESPCI, Paris
The flow of complex suspensions is ubiquitous in nature and industrial
applications. Their non-Newtonian character is due to flow-induced
orientation, rearrangement, or deformation of microscopic objects sus-
pended in simple fluids. These objects can be isotropic or anisotropic,
rigid or deformable, active or passive. Linking the microstructure on
the particle level to the macroscopic response under flow is one of the
fundamental scientific challenges of soft matter physics. Recent micro-
fabrication techniques lead to a precise control of even complex particle
properties and new microfluidic rheometers show high resolution. Us-
ing these new approaches, we present two examples of flows of complex
suspensions in chosen microfluidic geometries which allow this link to
be established. First, we use a solution of flexible polymers, where

normal stresses are known to arise when the polymers are stretched
under flow and characterize the onset of elastic flow instability in a
serpentine channel as a function of its curvature. The calibrated ser-
pentine channel can then be used as a sensitive rheometer to detect
even small normal stresses in unknown suspensions. Second, we employ
a Y-channel, a powerful rheometer for measuring shear viscosities, to
study the viscosity of active suspensions of e-coli bacteria. In this way
we link the activity of the bacteria to the measured non-Newtonian
effective viscosity.

DY 53.2 Thu 16:00 C 243
Thinning and Thickening in Active Microrheology — ∙Ting
Wang and Matthias Sperl — Institut für Materialphysik im Wel-
traum, DLR, Köln, Germany
When pulling a probe particle in a driven granular system with con-

75



Berlin 2015 – DY Thursday

stant velocity, one can characterize the probe by a velocity-dependent
friction coefficient. With increasing control velocity, the friction of the
probe keeps constant in the small-velocity regime (linear response), de-
creases in the moderate-velocity regime (thinning), and then increases
in the large-velocity regime (thickening).

There are three distinct processes behind those phenomena: diffu-
sion, damping and direct collision; the magnitude of the pulling ve-
locity determines which process dominates, resulting in thinning or
thickening behavior. We confirm this physics picture by stochastic
simulation.

DY 53.3 Thu 16:15 C 243
Transition to flow of binary glasses under applied stress or
strain rate — ∙Marco Laurati1, Tatjana Sentjabrskaja1, Jan
Hendricks1, Alan R Jacobs2, George Petekidis2, and Stefan
U Egelhaaf1 — 1Condensed Matter Physics Laboratory, Heinrich-
Heine University Düsseldorf — 2IESL-FORTH, University of Crete
We investigate and compare the transition to flow of glasses composed
by two species of colloidal hard spheres presenting large size asym-
metry, upon application of a constant stress or constant shear rate.
The transition to flow of the binary glasses is affected by the com-
position of the mixture, and reflects changes in the prevailing caging
mechanism, i.e. transitions between different glass states [1]. Fur-
thermore, the timescales characterising the onset of flow significantly
differ depending on the nature of the applied field, i.e. stress or strain.
The relaxation of the accumulated stress after removal of the applied
field demonstrates the presence of residual stresses that can be tuned
through the mixture’s composition. The recovery of strain after creep
reveals a non monotonic dependence of the recovery time as a func-
tion of the previously applied stress, with a maximum recovery time
observed in correspondence to the yield stress of the glass. [1] T. Sen-
tjabrskaja et al. (2014), Soft Matter, 10, 6546-6555.

DY 53.4 Thu 16:30 C 243
Yielding in concentrated colloidal dispersions: relation be-
tween stress overshoot and microscopic structure and dy-
namics — Marco Laurati, Kevin Mutch, and ∙Stefan Egelhaaf
— Condensed Matter Physics Laboratory, Heinrich Heine University,
40225 Düsseldorf, Germany

The microscopic structure and dynamics of concentrated colloidal dis-
persions at different times after application of shear is determined using
confocal microscopy. When the stress overshoot occurs in the rheolog-
ical response, we observe super-diffusion and a maximally deformed
cage, i.e. maximum structural anisotropy [1,2]. The anisotropy is not
only characterized by a quadrupolar (angular momentum 𝑙 = 2) distor-
tion expected by continuum elasticity theory, but also a higher order
hexadecupolar (𝑙 = 4) mode which marks the transition form reversible
elastic to irreversible plastic deformation [3]. This mode suggests that
yielding of local cages proceeds through the rearrangement of particles
in the first neighbour shells, which switch from the compressional to
the extensional axis. Also in the steady-state of shear, cage-breaking
events are found to persist. In addition to the anisotropic cage defor-
mation, yielding is also accompanied by a strong rise in the isotropic
(𝑙 = 0) distortion, which corresponds to a pressure increase.

[1] N. Koumakis et al. (2012) Phys. Rev. Lett. 108, 098303.
[2] K.J. Mutch et al. (2013) Eur. Phys. J. - Special Topics 222, 2803.
[3] C.P. Amann et al. (2013) arxiv:1302.2030.

DY 53.5 Thu 16:45 C 243
Continuum Mechanics Simulations in Glass Forming Liquids
— ∙Heliana Cardenas and Thomas Voigtmann — Deutsches Zen-
trum für Luft- und Raumfahrt, Köln, Germany
Amorphous glassy materials show complex flow features when they are
formed by solidification of dense liquids. An important feature of such
systems is the non-linear nature of the flow rule relating stresses and
strains when they are perturbed by external forces. The transition
itself is characterized by slow dynamics where the intrinsic relaxation
time plays a determining role on describing this behavior.

Schematically, the interaction of non-linear rheology and slow relax-
ation can be captured by so-called “fluidity” models, where the (spa-
tially local) structural relaxation rate is a function of flow rate. The
spatial dynamics of fluidity is controlled by a diffusion coefficient re-
lated to a cooperativity length scale.

We use finite volume method (FVM) to combine the resulting consti-
tutive equation with the Navier-Stokes equations to effectively describe
the flow behavior of glass-forming systems in various geometries and
for different time-dependent protocols.

DY 54: Microswimmers, Active Liquids - Part II (joint session CPP/ BP/ DY)

Time: Thursday 15:45–18:00 Location: PC 203

Invited Talk DY 54.1 Thu 15:45 PC 203
Flagellar synchronisation through direct hydrodynamic inter-
actions — ∙Marco Polin1, Douglas Brumley2, Kirsty Wan3,
and Raymond Goldstein3 — 1University of Warwick, Coventry. UK
— 2MIT, Boston, MA. US — 3University of Cambridge, Cambridge.
UK
Microscale fluid flows generated by ensembles of beating eukaryotic
flagella are crucial to fundamental processes such as development,
motility and sensing. Despite significant experimental and theoreti-
cal progress, the underlying physical mechanisms behind this striking
coordination remain unclear. We describe a novel series of experiments
in which the flagellar dynamics of two micropipette-held somatic cells
of Volvox carteri, with measurably different intrinsic beating frequen-
cies, are studied by high-speed imaging as a function of their mutual
separation and orientation. From analysis of beating time series, we
find that the interflagellar coupling, which is constrained by the lack
of chemical and mechanical connections between the cells to be purely
hydrodynamical, exhibits a spatial dependence that is consistent with
theoretical predictions. At close spacings it produces robust synchrony
which can prevail for thousands of flagellar beats, while at increasing
separations this synchrony is systematically degraded by stochastic
processes. Through dynamic flagellar tracking we quantify the asso-
ciated waveforms and show that they are significantly different in the
synchronised state. This study unequivocally reveals that flagella cou-
pled only through a fluid medium are capable of exhibiting robust
synchrony despite significant differences in their intrinsic properties.

Invited Talk DY 54.2 Thu 16:15 PC 203
Active motion: From single microswimmers to their emergent
collective behavior — ∙Holger Stark — Institut für Theoretische
Physik, Technische Universität Berlin, D-10623 Berlin

Active motion of artificial and biological microswimmers is relevant in
microfluidics and biological applications but also poses fundamental
questions in nonequilibrium statistical physics. Mechanisms of sin-
gle microswimmers need to be understood and a detailed modeling of
microorganisms helps to explore their complex cell design and their be-
havior. The collective motion of microswimmers generates appealing
dynamic patterns.

In this talk I review some of our work modeling biological microswim-
mers such as E. coli [1] and the African trypanosome [2], the causative
agent of the sleeping sickness, in order to contribute to their better
understanding. Using simpler model microswimmers such as active
Brownian particles, I will demonstrate their emerging collective be-
havior. Hydrodynamic interactions lead to a clustering transition de-
pendent on swimmer type [3] or to the formation of fluid pumps in 3D
harmonic traps [4]. Self-phoretic active colloids show biomimetic auto-
chemotactic behavior, which can induce dynamic clustering, oscillating
clusters, or a chemotactic collaps [5].

[1] R. Vogel and H. Stark, Phys. Rev. Lett. 110, 158104 (2013).
[2] D. Alizadehrad et al., to be published in PLoS Comp. Biol.
[3] A. Zöttl and H. Stark, Phys. Rev. Lett. 112, 118101 (2014).
[4] M. Hennes et al., Phys. Rev. Lett. 112, 238104 (2014).
[5] O. Pohl and H. Stark, Phys. Rev. Lett. 112, 238303 (2014).

DY 54.3 Thu 16:45 PC 203
Collective behavior and clustering of self-propelled rod
shaped catalytic motors: A theoretical study — ∙Davoud
Pouladsaz1 and Zahra Eskandari2 — 1Max Planck Institute for
the Physics of Complex Systems, Dresden, Germany — 2Max Planck
Institute for Intelligent Systems, Stuttgart, Germany
In the last few years, catalytic micro-motors have attracted consider-
able attention and different experiments have performed in order to
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investigate their applicability in biology, e.g. colloidal cargo trans-
portation. The collective behaviour of these micro-engines and their
dynamic self-organization have recently been studied in experiments.
In our study, we did Brownian dynamics simulation of rigid rods as
a model for the interaction of catalytic motors, in a framework of
stochastic processes which explain the force generating chemical reac-
tions, and theoretically investigated the effect of spatial geometry of
these active rods in the pattern formation of their clusters.

DY 54.4 Thu 17:00 PC 203
Vortex pattern formation of curved active polymers —
∙Lorenz Huber, Jonas Denk, Emanuel Reithmann, and Erwin
Frey — Ludwig-Maximilians-Universität, München, Deutschland
During bacterial cytokinesis FtsZ filaments assemble into a ring-like
structure. Recent experiments with reconstituted FtsA-dependent re-
cruitment of FtsZ filaments to supported membranes have observed
self-organization into vortex patterns. Accounting for the treadmilling
dynamics of curved FtsZ on the membrane, we propose a model for
systems of polymers with equal length and curvature that undergo
effective propulsion. The FtsZ filaments are assumed to sterically re-
pel each other. Employing Brownian dynamics simulations and a ki-
netic Boltzmann ansatz to study these systems on microscopic and
mesoscopic length scales, respectively, we identify activity, intrinsic
curvature, and steric repulsion as sufficient to control the stability of
vortex patterns. In our microscopic approach we modeled the FtsZ
membrane dynamics as a two-dimensional system of propelled elas-
tic polymers and find a parameter regime of dense and stable vortices.
Furthermore, we employed a mesoscale description in terms of a kinetic
Boltzmann approach to investigate general effects of intrinsic curvature
on collective behavior in active systems. We obtain a phase diagram
featuring a confined parameter region of steady dense swirls. Our re-
sults provide a generic and robust mechanism for pattern formation in
actual biological systems of curved filaments.

DY 54.5 Thu 17:15 PC 203
The many faces of drag in micro-swimming — ∙Jayant Pande1,
Laura Merchant1,2, Jens Harting3, and Ana-S. Smith1,4 —
1Inst. for Theo. Phys., Friedrich-Alexander Univ., Erlangen, Ger-
many — 2School of Phys. and Astronomy, Univ. of St. Andrews,
Scotland — 3Dept. of Appl. Phys., Eindhoven Univ. of Technology,
Eindhoven, the Netherlands — 4Ruđer Bošković Inst., Zagreb, Croatia
Although the theoretical study of micro-swimming is becoming increas-
ingly important, the role of the drag force faced by swimmers–clearly
one of the cornerstones of micro-locomotion–remains inadequately un-
derstood. We shed light in this talk on some of the fundamental ways
in which this force affects micro-swimming, using a very simple yet
versatile model of a bead-spring swimmer, based on the three-sphere
design of Najafi and Golestanian. The drag force on these swimmers
enters in various guises–through the influence of the mean bead shape,
through any induced transitory shape changes during the swimming
cycle if the beads are non-rigid, and through the fluid viscosity. We
consider the effect of each contribution separately by letting the beads
be of any shape as well as of rigid or flexible material, and by ana-
lyzing the various forces on them in fluid. We show that in general
an increase in the drag force can have a net positive or a negative
impact on the velocity, and it is the swimmer elasticity which decides
this. Depending on the latter, we present precise expressions for the

parameter ranges where the drag has opposing effects. We support the
theory using lattice Boltzmann method-based simulations, and discuss
the parts of the theoretical parameter space which are accessible to the
simulations.

DY 54.6 Thu 17:30 PC 203
Formation, compression and surface melting of colloidal
clusters by active particles — ∙Felix Kümmel1, Parmida
Shabestari1, and Clemens Bechinger1,2 — 12. Physikalisches In-
stitut, Universität Stuttgart, D-70569 Stuttgart, Germany — 2Max-
Planck-Institut für Intelligente Systeme, D-70569 Stuttgart, Germany
Artificial active swimmers, i.e. Janus particles, suspended in a critical
binary mixture, are capable of a self-diffusiophoretic motion upon illu-
mination [1][2]. In previous experiments, the dynamics of such swim-
mers close to walls and periodic arrays of rigid obstacles has been in-
vestigated [1]. Here, we experimentally examine the structural changes
in a mixture of passive and a small number of active colloidal particles
of equal diameters in a two-dimensional system. With increasing pas-
sive particle area fraction, we observe the formation of clusters with
passive particles in the interior and active particles at their boundaries.
Further increase of the passive area fraction leads to the merging and
compression of such clusters and eventually to local melting of crys-
talline regions by enclosed microswimmers. Our results demonstrate
that the addition of only a small amount of active particles largely
changes the structure and the dynamics of colloidal suspensions.

[1] VOLPE G, BUTTINONI I, VOGT D, KÜMMERER H J AND
BECHINGER C 2011 MICROSWIMMERS IN PATTERNED ENVI-
RONMENTS SOFT MATTER 7, 8810 (2011) [2] B. TEN HAGEN,
F. KÜMMEL, R. WITTKOWSKI, D. TAKAGI, H. LÖWEN, AND C.
BECHINGER, NATURE COMMUNICATIONS 5 (2014)

DY 54.7 Thu 17:45 PC 203
Detention times of microswimmers close to surfaces —
∙Andreas Zöttl1, Konstantin Schaar1,2,3, and Holger Stark1

— 1Institut für Theoretische Physik, Technische Universität Berlin,
D-10623 Berlin — 2Robert Koch-Institut, D-13353 Berlin — 3Institut
für Theoretische Biologie, Humoldt Universität Berlin, D-10115 Berlin
The locomotion of biological microswimmers such as bacteria in aque-
ous environments is determined by low-Reynolds-number hydrody-
namics and influenced by thermal and intrinsic biological noise. In
many relevant environments such as in the human body or in the ocean
microorganisms swim in the presence of soft or solid boundaries. When
bacteria approach surfaces they accumulate there and form aggregates
such as biofilms. A key ingredient for the observed near-wall accu-
mulation are the relatively large times the microswimmers reside at
a surface before leaving the surface. Recently, the role of noise com-
pared to hydrodynamic interaction with the surface for the dynamics
of microswimmers at a surface has been discussed controversially.

In our work we study theoretically the collision of microswimmers
with surfaces by including both hydrodynamic interactions and noise.
We introduce a general framework to calculate their wall detention
time distribution, i.e., the time they stay at the surface. We map the
escape of the microswimmer from the surface to a mean-first passage
problem and apply our theory to different swimmer models (pusher,
puller, source-dipole swimmer). While source dipole swimmers have a
reduced and pullers an increased detention time compared to a simple
active Brownian particle, pushers can have both.

DY 55: Poster - Quantum Systems

Time: Thursday 16:00–18:00 Location: Poster A

DY 55.1 Thu 16:00 Poster A
Reappearance of Localization in Open Chaotic Systems with
a Partial Barrier — ∙Martin Körber1, Arnd Bäcker1,2, and
Roland Ketzmerick1,2 — 1TU Dresden, Institut für Theoretische
Physik, Dresden — 2MPI für Physik komplexer Systeme, Dresden
The chaotic dynamics of generic Hamiltonian systems is governed by
partial barriers. They also strongly influence the system’s quantum-
mechanical properties and lead to a localization of eigenstates on either
side of a partial barrier. If the classical flux across a partial barrier
is larger than the Planck cell, eigenstates delocalize in closed systems.
In open systems, however, we observe that the resonance states local-
ize again if the escape rate through the opening is sufficiently large.

Here, we present a model which predicts the localization transition of
a resonance state based on its decay rate.

DY 55.2 Thu 16:00 Poster A
Global structure of regular tori in a generic 4D symplectic
map — ∙Steffen Lange1, Franziska Onken1, Arnd Bäcker1,2,
and Roland Ketzmerick1,2 — 1TU Dresden, Institut für Theoretis-
che Physik, Dresden — 2MPI für Physik komplexer Systeme, Dresden
The dynamics of Hamiltonian systems (e.g., planetary motion) can be
investigated by symplectic maps. While the phase-space structures of
2d symplectic maps are well established, much less is known for higher
dimensions.

Using 3d phase-space slices[1] and frequency analysis we investigate
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the global organization of regular tori of a generic 4d symplectic map
with a mixed phase space[2]. We show how all of the regular 2d-tori are
organized around a skeleton of elliptic 1d-tori in the 4d phase space.
The 1d-tori occur in two types of one-parameter families: The first
type are Lyapunov families attached to elliptic-elliptic periodic orbits.
We explain how the second type originates from remnants of broken
resonant 2d-tori. In combination these results allow for describing the
self-similar hierarchy of regular tori in the 4d phase space analogous
to the island-around-island hierarchy in 2d maps.

[1] M. Richter, S. Lange, A. Bäcker, and R. Ketzmerick, Visual-
ization and comparison of classical structures and quantum states of
four-dimensional maps, Phys. Rev. E 89, 022902 (2014)

[2] S. Lange, M. Richter, F. Onken, A. Bäcker and R. Ketzmerick,
Global structure of regular tori in a generic 4D symplectic map, Chaos
24, 024409 (2014)

DY 55.3 Thu 16:00 Poster A
Structure of eigenstates of four-dimensional quantum maps —
∙Florian Ide1, Shashi C. L. Srivastava2, Arnd Bäcker1,2, and
Roland Ketzmerick1,2 — 1TU Dresden, Institut für Theoretische
Physik, Dresden — 2MPI für Physik komplexer Systeme, Dresden
We investigate the structure of eigenstates of quantized 4D maps whose
classical dynamics has a mixed phase space in which regions of regular
and chaotic motion coexist. One of the challenges is the strong increase
in computing time of the matrix diagonalization in the semiclassical
limit, which can be minimized by a symmetry reduction. Further-
more, a direct visualization of eigenstates in 4D phase-space is not
possible. By applying the method of 3D phase-space slices [1] we visu-
alize Husimi functions of eigenstates and compare them with the clas-
sical phase-space structures. This allows for identifying regular states,
chaotic states and also scarred states concentrating around hyperbolic
periodic orbits.

[1] M. Richter, S. Lange, A. Bäcker, and R. Ketzmerick, Visual-
ization and comparison of classical structures and quantum states of
four-dimensional maps, Phys. Rev. E 89, 022902 (2014)

DY 55.4 Thu 16:00 Poster A
Coupling of microcavities — ∙Jakob Kreismann — TU Ilmenau,
FG Theoretische Physik II, Postfach 10 05 65, 98684 Ilmenau
Microcavity lasers made of dielectric disk-shaped resonators with sizes
in the micrometer range have gained a lot of interest in recent years.
A drawback of pure disk resonators for microlaser applications is their
isotropic light output. To overcome this problem, deformed cavities
were proposed such as limacon-shaped resonators which display direc-

tional light emission attractive for microcavity lasers.
In this work the coupling of a disk resonator to a limacon-shaped

cavity is studied using three dimensional FDTD calculations. For this
purpose a limacon resonator is placed on top of a disk resonator, a
whispering gallery mode with high Q-factor is excited inside the disk
resonator and its coupling into the limacon cavity is analyzed for dif-
ferent geometric configurations.

DY 55.5 Thu 16:00 Poster A
Is the fractal Weyl law valid in partially absorbing systems?
— ∙Moritz Schönwetter and Eduardo G. Altmann — Max-
Planck-Institut für Physik komplexer Systeme, Dresden
The fractal Weyl law is a prominent showcase for the nontrivial ef-
fect of classical dynamics in a quantum systems. It states that in a
chaotic system with an opening the number of long-living quantum
states grows with the system size as a power law with a fractional
exponent. The exponent is the fractal dimension of the classical in-
variant set. We study systems in which the opening partially reflects
classical trajectories. In this case the fractal dimension of the classical
invariant set is equal to the phase-space dimension. Yet, we observe
that the number of long-living resonances still scales with a nontrivial
exponent. We explain this observation using a statistical procedure
that estimates an effective volume available for the resonances. This
procedure suggests that in the semiclassical limit the fractal Weyl law
is valid with a modified fractal dimension, which cannot be recovered
directly from the classical invariant set and its measures.

DY 55.6 Thu 16:00 Poster A
Dynamics of dissipative quantum lattice systems with inter-
action — ∙Stefan Wolff and Corinna Kollath — Helmholtz-
Institut für Strahlen- und Kernphysik, Bonn, Germany
Most experimental systems are subjected to environmental influences.
Typically the coupling to such an environment is one of the main prob-
lems for the realization of quantum devices, since it leads to an expo-
nential fast decoherence. However, the interplay of dissipation and
interaction can lead to fascinating effects such as unconventional non-
exponential behavior. For example in interacting bosonic quantum-
many-body systems coupled to a Markovian environment, quantum
coherence decays algebraically.

In our studies we apply the Lindblad master equation for an interact-
ing lattice system. We present results obtained using stochastic wave
function sampling with time-dependent DMRG-methods to investigate
the relevant system dynamics.

DY 56: Poster - Statistical Physics
Statistical Physics (general); Statistical Physics far from Thermal Equilibrium; Statistical Physics in
Biological Systems; critical phenomena

Time: Thursday 16:00–18:00 Location: Poster A

DY 56.1 Thu 16:00 Poster A
From classical to quantum and back: Hamiltonian coupling
of classical and Path Integral models of atoms — Karsten
Kreis1,2, Davide Donadio1, Kurt Kremer1, and ∙Raffaello
Potestio1 — 1Max Planck Institute for Polymer Research, Mainz,
Germany — 2Graduate School Materials Science in Mainz, Mainz,
Germany
Quantum delocalization of atomic nuclei affects the physical properties
not only of low temperature systems, such as superfluid helium, but
also of room temperature molecules containing light atoms. An accu-
rate modeling of these effects can be achieved making use of the Path
Integral formulation of Quantum Mechanics, which is however compu-
tationally very demanding. By restricting this numerically expensive
description to a small region of space, while modeling the remaining
atoms as classical particles, the amount of computational resources re-
quired for a simulation can be significantly reduced. In the present
work we derive a Hamiltonian formulation for a bottom-up, theoret-
ically solid coupling between a classical model and a Path Integral
description of the same system. The validity of this approach is demon-
strated by means of simulations of low temperature parahydrogen.

DY 56.2 Thu 16:00 Poster A

The symmetric Anderson impurity model in a continuum
limit of the Hubbard model — ∙Yahya Öz and Andreas Klüm-
per — Bergische Universität Wuppertal
Starting from a generalizaton of the Hubbard model by use of Shas-
try’s 𝑅-matrix with two independent spectral parameters an integrable
lattice model can be constructed, which yields the symmetric Ander-
son impurity model in the continuum with all interaction parameters.
We use the continuum limit for the deriviation of the thermodynamic
equations of the symmetric Anderson impurity model from those of
the Hubbard model. We consider two alternative formulations and
obtain the infinite set of TBA equations, but also a finite set of non-
linear integral equations which allows a much more efficient numerical
treatment.

DY 56.3 Thu 16:00 Poster A
Large deviations in Taylor diffusion — ∙Marcel Kahlen and
Andreas Engel — Institut für Physik, Universität Oldenburg,
Deutschland
Diffusion of particles in streaming liquids is ubiquitous. Taylor diffu-
sion addresses the dispersion of particles in shear flow.

Using a large-deviation principle, we approximate the time depen-
dent particle distribution for large times in a Taylor diffusion setting
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with 𝑁 layers. The stochastic transitions of the particles between
the layers is modelled as a Markovian jump process. Applying the
contraction principle to the rate function for the empirical density of
this process as given by Donsker and Varadhan, we obtain a set of
non-linear equations for the lateral particle distribution at large times.
For the simplest case of 𝑁 = 2 layers the contraction can be per-
formed analytically and reproduces known results. In the general case
a linearisation yields an approximate solution which we compare with
simulation results.

DY 56.4 Thu 16:00 Poster A
Transverse correlation functions in the Ising antiferromagnet
on the anisotropic kagome lattice — ∙Walter Apel1 and Hans-
Ulrich Everts2 — 1PTB Braunschweig, PSt4, 38116 Braunschweig
— 2LUH, Inst. f. Theoret.Physik, 30167 Hannover
We study the anisotropic kagome Ising antiferromagnet, i.e. a model
in which the coupling along one of the three directions differs from the
couplings along the other two directions.

In previous work [J of Statistical Mechanics: Theory and Experi-
ment 2011], we calculated rigorously the correlation function parallel
to the chains. Now, we devise a method to calculate rigorously the
correlation functions transverse to the chains. The phase diagram and
first results for the correlation functions are given.

DY 56.5 Thu 16:00 Poster A
Poly(3-hexylthiophene) (P3HT) Molecules Interacting with
Au(001) Substrates — ∙Momchil Ivanov, Jonathan Gross, and
Wolfhard Janke — Institut für Theoretische Physik, Universität
Leipzig
One of the main objectives of this project is to gain, with the help of
computer simulations, a better understanding of adsorption properties
and recognition of surface patterns of macromolecules such as polymers
and proteins when interacting with material surfaces and nanoparti-
cles (external constraints), and of the interplay of these phenomena
with polymer collapse, crystallization, aggregation and folding (inter-
nal constraints). This study reports on an approach to combine the
experimental observation of polymer chain conformations adsorbed on
a metal surface with coarse-grained Monte Carlo simulations. P3HT
chains with a maximum length of 60 monomers were simulated in con-
tact with an Au(001) surface and the end-to-end distance as well as
the radius of gyration of the molecules were determined.

DY 56.6 Thu 16:00 Poster A
Computer Simulations of Semiflexible Polymers in Disor-
dered Environments — ∙Johannes Bock and Wolfhard Janke
— ITP Leipzig
We report computational studies of the behavior of semi-flexible poly-
mers in disordered media. An off-lattice chain growth algorithm based
on the Monte Carlo method is used to examine configura- tional prop-
erties of the polymers such as the end-to-end distance and tangent-
tangent correlation. Particular attention is paid to the comparison of
the occuring phenomena in two and three dimensions.

DY 56.7 Thu 16:00 Poster A
Comparability of microcanonical data sampled by Molecular
Dynamics and Monte Carlo simulations — ∙Philipp Schierz,
Johannes Zierenberg, and Wolfhard Janke — Institut für Theo-
retische Physik, Universität Leipzig, Postfach 100 920, 04009 Leipzig,
Germany
In this work we performed microcanonical simulations with statistical
Monte Carlo (MC) sampling [1,2,3] and dynamical Molecular dynamics
(MD) integrations. Our aim was to get both methods into agreement
which needed a careful consideration of the conservation laws we en-
countered in MD simulations [4,5]. We applied a time series reweight-
ing technique to transform the MD sampling to the full NVE ensemble
without conservation laws. For a higher number of degrees of freedom
the differences between the simulation techniques diminished as ex-
pected. We adapted the known multi histogram reweighting technique
WHAM to use it for microcanonical MD simulation data. Therefore we
got an estimate of the density of states from MD simulations. For this
procedure we needed an accurate knowledge of the sampled ensembles.

[1] J. R. Ray, Phys. Rev. A 44 (1991) 4061.
[2] B.A. Berg and T. Neuhaus, Phys. Lett. B 267 (1991) 249; Phys.

Rev. Lett. 68 (1992) 9;
[3] W. Janke, Int. J. Mod. Phys. C 03 (1992) 1137; Physica A 254

(1998) 164.

[4] R. Lustig, J. Chem. Phys 100 (1994) 3048.
[5] F. Calvo, J.P. Neirotti, D.L. Freeman, and J.D. Doll, J. Chem.

Phys 112 (2000) 10350.

DY 56.8 Thu 16:00 Poster A
crumpling of plastic wires in spherical cavities — ali farnudi1,
javad najafi2, m reza shaebani3, and ∙mehdi habibi1,4 —
1Department of Physics, Institute for Advanced Studies in Basic Sci-
ences, Zanjan, Iran — 2Department of Experimental Physics, Saar-
land University, Saarbrucken, Germany — 3Department of Theoreti-
cal Physics, Saarland University, Saarbrucken, Germany — 4Van der
Waals-Zeeman Institute, University of Amsterdam, Amsterdam, The
Netherlands
We study the morphology of crumpled plastic wires irreversibly packed
into spherical cavities. The total length of the injected wire follows a
power-law dependence on the relative system size, that is the ratio
of sphere and wire radii. The exponent (or, equivalently, the mass-
size fractal dimension) depends on the friction coefficient between the
wire and the cavity walls, reflecting friction-dependent structural dif-
ferences. While ordered coil formation is partially observed at low
frictions, highly disordered structures emerge at large friction limit,
where the number of folds exhibits a power-law scaling in the relative
system size. The probability distribution of the fold-size broadens and
becomes more asymmetric for relatively larger spheres. We present a
self-avoiding random walk model for the injection of the plastic wire at
high friction regime, which provides a new insight into the underlying
mechanism and remarkably reproduces the experimental results.

DY 56.9 Thu 16:00 Poster A
Infinitesimal Monte Carlo Algorithms — ∙Manon Michel1, Se-
bastian C. Kapfer2, and Werner Krauth1 — 1Laboratoire de
Physique Statistique, 24 rue Lhomond 75005 Paris France — 2Institut
für Theoretische Physik 1 Staudtstr. 7 91058 Erlangen Germany
Monte Carlo methods, most notably the Metropolis algorithm, are a
powerful tool in statistical physics. But local random walks induce a
high rate of rejections, making any simulations around a phase tran-
sition point too expensive. To address this problem, we reformulate
the Metropolis algorithm at the most fundamental level, upgrading
the diffusive dynamics to a convective one. We therefore construct a
new framework for Monte Carlo algorithms, based on a new factor-
ization of the Metropolis acceptance probability. It leads to a class of
rejection-free Markov chain Monte Carlo algorithms for sampling gen-
eral multidimensional probability distributions, without introducing
discretizations in time or in space [1]. These algorithm break detailed
balance yet satisfy global balance. They generalize the recent and
successful hard-sphere event-chain Monte Carlo method and were re-
cently used in bidimensional melting with soft interactions. Finally,
this new framework allows direct access to quantities as pressure and
stress in multiparticle systems. Generally, it leads also to new insights
on elastic constants derivation from first principles, yielding a precise
determination of existence of hexatic phase[2].

[1] M. Michel, S. C. Kapfer, W. Krauth, Journal of Chemical Physics
140 54116 (2014)

[2] M. Michel, S. K. Kapfer, W. Krauth, manuscript in preparation

DY 56.10 Thu 16:00 Poster A
Deriving elasticity theory for non-ideal crystals: application
to cluster crystals — ∙Johannes Häring, Matthias Fuchs, and
Christof Walz — Universität Konstanz, 78457 Konstanz
For non-ideal crystals density fluctuations can be expressed by defor-
mations of the underlying lattice structure plus changes in the occu-
pancy of the single lattice sites. In our approach these density varia-
tions from a equilibrium density play the role of the displacement from
the equilibrium position in normal elasticity theory.

Through classical density functional theory it is possible to obtain
the hydrodynamic equations of motion, a wave equation , expressions
for the constants of elasticity and the isothermal compressibility.

A well-known model for cluster crystals, the so called generalized
exponential model is used to demonstrate the capability of the theory
because its big differences in occupancy of each lattice site (e.g. fluc-
tuations from 12 to 15 particles per lattice site) lead to a significant
deviation from the ideal crystal.

DY 56.11 Thu 16:00 Poster A
Stiff Directed Lines in Random Media — ∙Horst-Holger
Boltz and Jan Kierfeld — TU Dortmund, Dortmund, Germany
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We investigate the behaviour of stiff directed lines with bending en-
ergy in a random medium. We show that a stiff directed line in 1+d
dimensions undergoes a localization transition with increasing disor-
der for d>2/3. We demonstrate that this transition is accessible by
numerical transfer matrix calculations in 1+1 dimensions and analyze
the properties of the disorder-dominated phase. On the basis of the
two-replica problem, we propose a relation between the localization
of stiff directed lines in 1+d dimensions and of directed lines under
tension in 1+3d dimensions, which is strongly supported by identi-
cal free energy distributions. This shows that pair interactions in the
replicated Hamiltonian determine the nature of directed line local-
ization transitions with consequences for the critical behavior of the
Kardar-Parisi-Zhang (KPZ) equation. Furthermore, we quantify how
the persistence length of the stiff directed line is reduced by disor-
der. Additionally, we study the depinning of stiff directed lines. Their
equation of motion is the (quenched) Herring-Mullins equation, which
also describes surface growth governed by surface diffusion. We em-
ploy analytical arguments and numerical simulations to determine the
critical exponents and compare our findings with previous works and
functional renormalization group results, which we extend to the differ-
ent line elasticity. We see evidence for two distinct correlation length
exponents.

DY 56.12 Thu 16:00 Poster A
Second law-like inequality for periodic, feedback-driven quan-
tum engines — ∙Michael Bauer, Kay Brandner, Michael
Schmid, and Udo Seifert — II. Institut für Theoretische Physik,
Universität Stuttgart, 70550 Stuttgart, Germany
A genuine feature of projective quantum measurements is that they
inevitably alter the mean energy of the observed system if the mea-
sured quantity does not commute with the Hamiltonian of the observed
system. Compared to the classical case, Jacobs proved that this addi-
tional energetic cost leads to a stronger bound on the work extractable
after a single measurement from a system initially in thermal equilib-
rium [Phys. Rev. A 80, 012322 (2009)]. Here, we show that the same
bound holds for a large class of feedback-driven quantum engines oper-
ating periodically and in finite time. The bound thus implies a natural
definition for the efficiency of information to work conversion in such
devices.

For a simple model consisting of a laser-driven two level system,
we maximize the efficiency with respect to the observable whose mea-
surement is used to control the feedback protocol. We find that the
optimal observable typically does not commute with the Hamiltonian
and hence would not be available in a classical two level system. This
result reveals that periodic feedback engines operating in the quantum
realm can exploit quantum coherences to reach high efficiency.

DY 56.13 Thu 16:00 Poster A
Brownian motion with external force: investigation of valid-
ity of the Jarzynski equality — ∙Nina Megier and Walter T.
Strunz — Institut für Theoretische Physik, TU Dresden
We examine a harmonic oscillator coupled linearly to a harmonic bath.
Initially our system of interest is in equilibrium, at later times it is
driven far away from equilibrium by a time dependent force. We in-
vestigate both, the classical and the quantum case for the validity of
the Jarzynski equality, also in strong coupling limit. Our analysis is
based on the Gaussian statistics of the stochastic force acting on the
harmonic oscillator in the Langevin picture.

DY 56.14 Thu 16:00 Poster A
Fluctuating efficiency for a microscopic Carnot engine —
∙Johannes Hoppenau — Carl-von-Ossietzky Universität Oldenburg,
26111 Oldenburg, Germany
Recently the probability density function of the efficiency of micro-
scopic heat engines gained particular interest. In [1,2] G. Verley et al.
analyze the distribution of efficiencies by using large deviation tech-
niques. We propose a simple model of a microscopic Carnot engine
to illustrate their results. In addition, we analyze the efficiency distri-
bution in the limiting case of slow driving. Even in this case we find
strong fluctuations of work and heat not compatible with a normal
distribution of these quantities.

[1] G. Verley, M. Esposito, T. Willaert, and C. Van den Broeck, Nat.
Commun. 5, 4721 (2014).

[2] G. Verley, T. Willaert, C. Van den Broeck, and M. Esposito,
Phys. Rev. E 90, 052145 (2014).

DY 56.15 Thu 16:00 Poster A

A minimalistic but realistic evolutionary food web model —
∙Tobias Rogge, Barbara Drossel, and Korinna T. Allhoff —
TU Darmstadt, Germany
We present an evolutionary food web model that includes no popula-
tion dynamics but is nevertheless able to generate a large variety of
complex, multi-trophic networks with an ongoing turnover of species.
The nodes represent species, which are characterized by three traits,
namely body mass, feeding center and feeding range. These traits also
define the links to other species in the network representing feeding
and competition interactions.

The evolutionary algorithm starts with a simple initial network. At
each iteration step, a new species is added to the system as a modi-
fication of a randomly chosen parent species. This ”mutant” changes
the environment for those species that now have a new predator, prey
or competitor species. Some species are therefore removed from the
system, if they no longer fulfill a survival criterion that depends on
the interactions of the species. Subsequently, the next ”mutant” is in-
troduced. In contrast to many other evolutionary food web models,
population dynamics is not explicitely taken into account. However,
its effects are captured in the survival criterion. Thus, realistic net-
work structures emerge and evolve with little computational effort.
The model is therefore a valuable tool to evaluate statistical proper-
ties over long timescales, over a large parameter space, and for larger
communities of coupled networks. We present selected results obtained
from our simulations of the model.

DY 56.16 Thu 16:00 Poster A
Markov state modeling of polymers in shear flow — ∙Fabian
Knoch and Thomas Speck — Institut für Physik, Johannes
Gutenberg-Universität Mainz, Staudinger Weg 7, 55099 Mainz, Ger-
many
The dynamical properties of polymers driven by shear flow have been
investigated intensively. In shear flows, polymers show a coil to glob-
ular transition. This switch-like dynamics is not only relevant in the
context of biology (proteins flowing through blood vessels are also
exposed to shear flows) but also from the point of non-equilibrium sta-
tistical dynamics. We study numerically a generic polymer model [1].
Instead of performing constant shear rate simulations, we investigate
the dynamics subjected to constant interparticle stress 𝜎const. Similar
to the constant shear rate case, the constant stress simulations also
show a switch-like dynamics depending on 𝜎const. Using stochastical
thermodynamics, we develop a new method to construct dynamical
Markov state models [2] for polymers in shear flow.

[1] Alexander-Katz, A. and Schneider, M. F. and Schneider, S. W. and
Wixforth, A. and Netz, R. R., PRL 97(13), 2006
[2] Noé, F. and Horenko, I. and Schütte, C. and Smith, J. C., J. Chem.
Phys. 126(15), 2007

DY 56.17 Thu 16:00 Poster A
Markov State Model with reweighting: application to small
molecules with perturbed potential — Luca Donati and
∙Bettina Keller — Freie Universität Berlin, Berlin, Germany
We have studied the effect of small perturbations in the potential en-
ergy surface of molecular systems by performing numerical simulations
and constructing Markov State Model of the trajectories. The Markov
State Models are a valid tool to analyze the large amounts of data
generated by Molecular Dynamics simulations and to extract informa-
tion on the timescales. In general, it is necessary to perform a new
simulation after having changed the potential to construct the Markov
State Model of the perturbed molecule. However, if we consider small
perturbations of the system, we can use reweighting methods [1] to
construct a Markov State Model that does not need a new simulation,
but that uses the trajectory of the initial not-perturbed molecule. Our
method is based on the Girsanov theorem [2], that has been already
tested successfully for diffusive processes (e.g. a double well potential
perturbed by an external force). We applied it on small molecules sub-
jected to alchemical transformations. We studied the effect of varying
the charges and the van der Waals radii on the conformational dynam-
ics. The approach is relevant to force-field optimization, but it could
eventually also be used to study mutations in proteins.
[1] Jan-Hendrik Prinz et.al., The Journal of Chemical Physics, 134,
2011
[2] Schütte Christof et.al., Molecular Physics, 00, 2014

DY 56.18 Thu 16:00 Poster A
Vortex arrays and mesoscale turbulence of self-propelled par-
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ticles — ∙Robert Großmann1, Pawel Romanczuk2, Markus
Bär1, and Lutz Schimansky-Geier3 — 1Physikalisch-Technische
Bundesanstalt, Abbestraße 2-12, 10587 Berlin, Germany — 2Princeton
University, Princeton, New Jersey 08543, USA — 3Humboldt-
Universität zu Berlin, Newtonstraße 15, 12489 Berlin, Germany
We present a self-propelled particle model with Turing-like interac-
tions: short-range alignment and anti-alignment at larger distances.
The model is able to produce polarly ordered states, periodic vortex
patterns and mesoscale turbulence, which resembles observations in
dense suspensions of swimming bacteria. The model allows a system-
atic derivation and analysis of a kinetic theory as well as hydrodynamic
equations for density and momentum fields. A phase diagram with re-
gions of pattern formation as well as orientational order is obtained
from a linear stability analysis of these continuum equations. Micro-
scopic Langevin simulations of self-propelled particles are in agreement
with these findings.

DY 56.19 Thu 16:00 Poster A
Emergent large-scale structures of Boolean networks opti-
mized for criticality — Marco Möller1 and ∙Tiago P. Peixoto2

— 1Institut für Festkörperphysik, Technische Universität Darmstadt
— 2Institut für Theoretische Physik, Universität Bremen
We construct statistical ensembles of modular Boolean networks which
are constrained to lie at the critical line between frozen and chaotic
dynamic regimes. The ensembles are maximally random given the im-
posed constraints, and thus represent null models of critical networks.
The structures of the ensembles undergo several phase transitions from
a fully random structure to several ordered ones, including a promi-
nent core-periphery structure, and an ”attenuated” two-group struc-
ture, where the network is divided in two groups of nodes, and one
of them has Boolean functions with very low sensitivity. This shows
that such simple large-scale structures are the most likely to occur
when optimizing for criticality, in the absence of any other constraint
or competing optimization criteria.

DY 56.20 Thu 16:00 Poster A
Characterization of K-Complexes and Slow Wave Activity in
a Neural Mass Model — Arne Weigenand1, ∙Michael Schel-
lenberger Costa1, Hong-Viet Victor Ngo1,2, Jens Christian
Claussen3,1, and Thomas Martinetz1 — 1Institut für Neuro- und
Bioinformatik, Univ. Lübeck — 2Institut for Medical Psychology and
Behavioral Neurobiology, Univ. Tübingen — 3Computational Systems
Biology Lab, Jacobs Univ. Bremen
NREM sleep is characterized by two hallmarks, namely K-complexes
(KCs) during sleep stage N2 and cortical slow oscillations (SOs) dur-
ing sleep stage N3. While the underlying dynamics on the neuronal
level is well known and can be easily measured, the resulting behavior
on the macroscopic population level remains unclear. On the basis of
an extended neural mass model of the cortex, we suggest a new in-
terpretation of the mechanisms responsible for the generation of KCs
and SOs [1]. As the cortex transitions from wake to deep sleep, in
our model it approaches an oscillatory regime via a Hopf bifurcation.
Importantly, there is a canard phenomenon arising from a homoclinic
bifurcation, whose orbit determines the shape of large amplitude SOs.
A KC corresponds to a single excursion along the homoclinic orbit,
while SOs are noise-driven oscillations around a stable focus. The
model generates both time series and spectra that strikingly resemble
real electroencephalogram data and points out possible differences be-
tween the different stages of natural sleep.
[1] A. Weigenand, M. Schellenberger Costa, H-VV Ngo, JC Claussen,
T. Martinetz, PLoS Comput Biol 10, e1003923 (2014)

DY 56.21 Thu 16:00 Poster A
Wilson-Cowan oscillators as minimal bifurcation models of
Non-REM sleep — ∙Annika Reinke1, Arne Weigenand1, and
Jens Christian Claussen2,1 — 1Institut für Neuro- und Bioinfor-
matik, Univ. Lübeck — 2Computational Systems Biology Lab, Jacobs
Univ. Bremen
When sleep deepens to sleep stages N2 and N3, specific oscillations
emerge, namely speep spindles in N2, and slow oscillations and K com-
plexes in N3. While several models, after sufficient fit of parameters,
can be made to reproduce experimental data, often several parameter
sets or even slightly different models yield similar match with data.
This calls for a simplification of the models. Here we adopt stan-
dard models of neural oscillators that are generic for a normal form
of the same bifurcation phenomenology, and compare them to EEG
time series. We conclude that a simple Wilson-Cowan oscillator can
be adapted to exhibit the essential bifurcations when transiting to N2
and N3, including the canard phenomenon associated with the onset
of the anharmonic sleep oscillations.

DY 56.22 Thu 16:00 Poster A
On the effect of the drive on self-organized criticality —
Marco Winkler1, ∙Johannes Falk2, and Wolfgang Kinzel1

— 1Institute of Theoretical Physics, University of Würzburg, 97074
Würzburg, Germany — 2Institute for Condensed Matter Physics,
Technical University of Darmstadt, 64289 Darmstadt, Germany
The well known Sandpile model of self-organized criticality generates
avalanches of all length and time scales, without tuning any parame-
ters. In the original models the external drive selects sites randomly.
We analyse a drive which depends on the present state of the system,
namely the effect of favouring sites with a certain height in the deposi-
tion process. We investigate, that the system stays in a critical state,
if sites of height three are favoured. Our numerical results indicate the
same universality class as the original model with random deposition,
although the stationary state is approached very differently. In con-
trast, when favouring sites of height two, only avalanches which cover
the entire system occur. Furthermore, we study the distributions of
sites with a certain height, as well as the transient processes of the
different variants of the external drive.

DY 56.23 Thu 16:00 Poster A
Multifractal analysis of states in Voronoi-Delaunay lattices
— ∙Martin Puschmann, Philipp Cain, and Michael Schreiber
— Institute of Physics, Technische Universität Chemnitz, Chemnitz
The Voronoi-Delaunay lattice (VDL) is a set of nearest-neighbor con-
nections between randomly positioned sites. It is a simple model
for amorphous solids and foams. We consider the transport of non-
interacting electrons in this lattice and assume that all connections
have the same strength. Consequently, the VDL is topologically disor-
dered by connectivity only. Whether this form of disorder is sufficient
to obtain localized states in two- and three-dimensional lattices was
studied by the multifractal analysis of electronic wave functions and the
finite-size scaling approach. We observe localized states in both dimen-
sionalities with energies very close to the band edges. A localization-
delocalization transition was found only in the three-dimensional lat-
tice, in accordance with the localization theory. The corresponding
critical exponent of localization is equal to the exponent of the or-
thogonal Wigner-Dyson class. Furthermore, we analyzed the case of
additional random on-site potentials in the three-dimensional lattice.
We obtain a phase diagram by varying the disorder strength of these
potentials. The mixing of these different disorders does not affect the
critical exponent.
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DY 57.1 Thu 16:00 Poster A
Mobility of colloids driven through a permeable corrugated
channel — ∙Konstantin Zak, Robert Gernert, and Sabine H.
L. Klapp — Institut für theoretische Physik, Technische Universität
Berlin
Nonequilibrium transport of colloidal suspensions is an active field
of research – even for the paradigmatic model of effectively one-
dimensional flow through a channel with a corrugated confinement.
Here we consider a non-perfect confinement where the particles may
escape from the system and enter to it. This permeable confinement
is modelled via a high energetic barrier between the channel and a
particle bath with constant density. For the theoretical description
of the overdamped, effectively one-dimensional flow of hard spheres
through the channel we employ the Dynamical Density Functional The-
ory (DDFT). The influence of the system-bath interaction is studied
in terms of mobility and density distribution of the colloids in flow
direction. We also present first results concerning the generalisation of
the system towards two dimensions.

DY 57.2 Thu 16:00 Poster A
A Lattice Monte Carlo Battery Model — ∙Oliver Rubner,
Volker Lesch, Linus Scholz, and Andreas Heuer — Institut für
Physikalische Chemie, Westfälische Wilhelms-Universität Münster
The theoretical simulation of Li-Ion batteries is an essential tool for
the understandig of the complex processes that take place in electrodes
as well as in electrolytes. Many models exist that focus on molecular
details involving quantum chemical, molecular dynamics or continuum
Monte Carlo calculations on the one hand and continuum models that
treat a battery cell as a whole system on the other hand. We want
to bridge the gap between these approaches by presenting a lattice
Monte Carlo model that uses molecular and macroscopic parameters
provided by experiments or these aforementioned techniques. We show
how the influence of molecular parameters like interaction energies on
cell properties like voltage and capacity can be determined in this sim-
plified model and how it can be used to understand some of the basic
principles of Li-batteries.

DY 57.3 Thu 16:00 Poster A
Thermal conductivity and self-diffusion coefficients for the
TIP4P/2005 water model over a wide range of ther-
modynamic conditions — ∙Sven Engelmann and Reinhard
Hentschke — Bergische Universität, 42279 Wuppertal, Germany
Using the Molecular Dynamics simulation technique we compute ther-
mal conductivity and self-diffusion coefficients for the TIP4P/2005 wa-
ter model together with a number of other thermodynamic quantities.
The transport coefficients are obtained using the attendant Green-
Kubo relations applied to equilibrium trajectories. The thermody-
namic conditions include the saturation line in the temperature range
from 273K to 373K. In addition we obtain results along two isotherms
at 300K and 400K for pressures ranging from about 10 bar to 10 kbar
and along an isobar at 1 bar covering again the above temperature
range. The simulation data are compared to experimental measure-
ments as well as to previous simulation results obtained with a num-
ber of other methods including also other water models. We present a
critical evaluation of all simulation results in relation to the different
thermodynamic conditions.

DY 57.4 Thu 16:00 Poster A
A coupled Molecular Dynamics / kinetic Monte Carlo Ap-
proach for Protonation Dynamics in Extended Systems —
∙Gabriel Kabbe1, Christian Dreßler1, Christoph Wehmeyer2,
and Daniel Sebastiani1 — 1Department of Chemistry, Martin-
Luther Universität, Halle-Wittenberg, von-Danckelmann-Platz 4,
06120 Halle/Saale, Germany — 2Institute of Mathematics, Freie Uni-
versität Berlin, Arnimallee 14, 14195 Berlin, Germany
We propose a multi-scale simulation scheme that combines first-
principles Molecular Dynamics (MD) and kinetic Monte Carlo (kMC)
simulations to describe ion transport processes. On the one hand, the
molecular dynamics trajectory provides an accurate atomistic struc-

ture and its temporal evolution, and on the other hand, the Monte
Carlo part models the long-time motion of the acidic protons. Our
hybrid approach defines a coupling scheme between the MD and kMC
simulations that allows the kMC topology to adapt continuously to
the propagating atomistic microstructure of the system. We exemplify
the performance of our MD/kMC model on the basis of various proton
conducting molecular systems.

DY 57.5 Thu 16:00 Poster A
Excited State Proton Transfer in Aqueous Media: Ab-Initio
Molecular Dynamics Simulation of Photoacids — ∙Gül Bek-
cioglu, Felix Hoffmann, and Daniel Sebastiani — Martin-
Luther-Universität Halle-Wittenberg, Institut für Chemie - Theoretis-
che Chemie
Photoacids are molecules which undergo a decrease in pKa value upon
photoexcitation.[1,2] Since their acidity can be controlled in a very de-
fined manner they are important model system for the investigation of
proton transport in aqueous media. However, many details of the pro-
ton transfer from the photoacid to water remain elusive, for example,
the structure and stability of the contact ion pair between the pho-
toacid and the hydrated proton. A particular drastic drop in pKa value
is exhibited by the ”super” photoacid N-methyl-6-hydroxyquinolinium
(HMQ). [3] Here, we present a microscopic study of the role water
plays in mediating excited state proton transfer of HMQ in aqueous
solution. The central question addressed here is the determination of
elementary steps that lead to a full dissociation of the proton. In this
regard, we computed IR spectra from Wannier center calculations to
elucidate spectroscopic fingerprints of specific intermediates during the
acid dissociation. [3]

[1] G. Bekcioglu, C. Allolio, M. Ekimova, E. T. J. Nibbering, and D.
Sebastiani, Phys. Chem. Chem. Phys.,16, 13047-13051, (2014)

[2] G. Bekcioglu, C. Allolio, and D. Sebastiani, Phys. Chem. Chem.
Phys., Submitted, (2014)

[3] G. Bekcioglu, F. Hoffmann, and D. Sebastiani, in preparation.

DY 57.6 Thu 16:00 Poster A
Bifurcations in two-dimensional oscillator arrays: numerical
study — ∙Claudia Lenk and J. Michael Köhler — Institut für
Chemie und Biotechnologie, TU Ilmenau, Ilmenau, Deutschland
In the range of critical coupling strength bifurcations arise in arrays
of locally coupled nonlinear oscillators. Thereby, interesting effects as
amplitude modulations, multiperiode oscillations and burst patterns
occur, which are similar to patterns observed in neuronal networks
or in the heart. We study the occurrence of bifurcations and special
patterns by calculations of the Fitzhugh-Nagumo equations of a cat-
alyst distribution in form of a micro spot pattern. Its dependence on
spot size, spot distance, spot shape and parameter variations will be
discussed. The importance of gradients of spot distance or spot size
for the appearance of bifurcations will be shown. Furthermore, we
study the influence of the dimensionality of the oscillator arrays and
the introduction of defects in the oscillator arrays for arisal of burst
and other special patterns.

DY 57.7 Thu 16:00 Poster A
From integrated Brownian motion to Lévy walks — ∙Tony
Albers and Günter Radons — Technische Universität Chemnitz,
Germany
In a recent publication [1], we investigated the weakly nonergodic be-
havior of integrated Brownian motion. In this contribution, we will
show how integrated Brownian motion can be mapped to a contin-
uous time random walk with a spatiotemporal coupling of the form
𝜓(𝑥, 𝑡) ∝ 𝛿(|𝑥|− 𝑡3/2)𝑡−3/2, where 𝜓(𝑥, 𝑡) describes the probability for
the occurrence of a waiting time of duration 𝑡 followed by a jump of
length 𝑥. We investigate the nonergodic behavior of this Lévy walk
by contrasting the time dependence of the ensemble-averaged and the
time-averaged mean-squared displacement (MSD) and analyzing the
random nature of the latter. Moreover, all quantities are studied in
dependence on the ageing time which is the elapsed time between the
beginning of the process and the beginning of the measurement. We
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compare our findings with the results obtained for integrated Brownian
motion and discuss the similarities and differences.
[1] Tony Albers and Günter Radons, Phys. Rev. Lett. 113, 184101
(2014)

DY 57.8 Thu 16:00 Poster A
Non-adiabatic quantum pumping by a randomly moving po-
tential barrier — Stanislav Dervyanko1 and ∙Daniel Waltner2

— 1Department of Physics of Complex Systems, Weizmann Institute
of Science, Rehovot 76100, Israel — 2Fakultät für Physik, Universität
Duisburg-Essen, Lotharstr. 1, 47048 Duisburg
We look at random AC fluctuations of the electrical charge in an open
1D quantum system where the potential barrier experiences random
lateral motion in time. Our treatment is essentially non-adiabatic.
Both diffusive and ballistic (Lévy) regimes are considered. For a finite
size system the probability current as well as the net accumulated elec-
tric charge experience random fluctuations over the static background.
We show that in the large-time limit 𝑡 → ∞ the wavefunction is nat-
urally separated into the Berry-phase component (resulting from the
singular part of the wave amplitude in the co-moving frame) and the
non-adiabatic correction (arising from fast oscillating, slow decaying
tails of the same amplitude). In the special limit of delta-correlated
continuous Gaussian random walk we obtain a closed analytical expres-
sions for the ensemble averaged amplitude in the co-moving frame and
demonstrate that the main contribution to the average wavefunction
and probability current comes from the Berry-phase component.

DY 57.9 Thu 16:00 Poster A
Simulation of Anomalous Transport in Model Crowded Me-
dia — ∙Markus Spanner1, Felix Höfling2, Gerd E. Schröder-
Turk1, and Thomas Franosch3 — 1Institut für Theoretische
Physik, Friedrich-Alexander-Universität Erlangen-Nürnberg, Germany
— 2MPI für komplexe Systeme and IV. Institut für Theoretische
Physik, Universität Stuttgart, Germany — 3Institut für Theoretische
Physik, Leopold-Franzens-Universität Innsbruck, Austria
We study large-scale computer simulations of particles in 2d and
3d dense-packed porous systems. Subdiffusive dynamics 𝛿𝑟2(𝑡) ∼
𝑡2/𝑧 , 𝑧 > 2 can be observed at a critical obstacle density, when the
tracer particle can barely squeeze through between the host structure.

Starting from the Lorentz model, which simply consists of a point-
like tracer moving through an array of random overlapping spheres,
we modify a number of simulation details (tracer dynamics, obstacle
distribution, introduction of an external force) one at a time – from
most simple towards more realistic porous systems. By extracting
critical exponents of the dynamics in these systems, we gain a better
understanding of the universal or non-universal nature of the observed
exponents.

DY 57.10 Thu 16:00 Poster A
Active Brownian micro-swimmers in viscoelastic media —
∙Juan Ruben Gomez Solano1,2 and Clemens Bechinger1,2 —
12. Physikalisches Institut, Universitaet Stuttgart, Pfaffenwaldring
57, 70569 Stuttgart, Germany — 2Max-Planck-Institute for Intelligent
Systems, Heisenbergstrasse 3, 70569 Stuttgart, Germany
The motion of many natural micro-swimmers, such as bacteria and
spermatozoa, commonly takes place in viscoelastic fluids or in com-
plex crowded environments. The understanding of their swimming
mechanisms has triggered a lot of experimental and theoretical work
in recent years as well as the development of artificial self-propelled
macro- and micro-swimmers. Although the motion of artificial swim-
mers in Newtonian fluids has been extensively studied, only few works
have focused on active swimmers in viscoelastic media. In this work,
we experimentally investigate the motion of spherical Janus particles
in a critical binary viscoelastic fluid. The particles are self-propelled
by local demixing of the fluid induced by laser illumination. We find
that, unlike active Brownian motion in a Newtonian fluid, the rota-
tional diffusion coefficient of a particle moving in a viscoelastic fluid
dramatically increases with increasing particle velocity. This gives rise
to a significant increase of the effective translational diffusion coeffi-
cient of the active particles with increasing laser illumination compared
to the Newtonian case, which can be interpreted as an enhanced micro-
swimming mechanism.

DY 57.11 Thu 16:00 Poster A
Lane formation in a two dimensional system with Lennard-
Jones like interactions — ∙Christopher Wächtler, Florian
Kogler, and Sabine H. L. Klapp — Institut für Theoretische

Physik, Technische Universität Berlin, Hardenbergstr. 36, 10623
Berlin, Germany
Using Brownian Dynamics simulations we investigate a prototype
model system undergoing lane formation. The latter is a non-
equilibrium transition in binary mixtures of oppositely driven particle
species. In contrast to previous studies of repulsively interacting par-
ticles, which form perfect lanes only at infinitely large driving forces
[1], we here examine this transition in a system involving attractive
Lennard-Jones like interactions. We present new findings on how pa-
rameters such as system size, driving force and interaction strength
influence lane formation in this system.

[1] T. Glanz, H. Löwen, J. Phys. Condens. Matter 24, 464114 (2012)

DY 57.12 Thu 16:00 Poster A
Numerical investigation of droplets driven by Marangoni flow
— ∙Laura Stricker, Juergen Vollmer, and Stephan Herming-
haus — Max Planck Institute for Dynamics and Self-Organization
(MPI-DS), Goettingen, Germany
The motion of artificial microswimmers can strikingly resemble collec-
tive motion in biological systems even though it only involves physical
and chemical processes. A detailed understanding of their emergent
swarming properties may therefore help to distinguish merely physics-
related from biology-related aspects of motion in biological systems.
In the present work, we focus on modelling a new type of artificial mi-
croswimmers, where propulsion is achieved by Marangoni flow. In par-
ticular, we characterize the parametric dependence of the motion and
we address the propulsion mechanism. In order to do so, we developed
a flexible CFD model based on a level set method, easily adaptable to
different kinds of swimmers. We derived the flow field inside and out-
side individual droplets, and took into account the two-way coupling of
the swimmers motion and the external flow. This allowed us to explore
the dependence of propulsion on experimentally tunable parameters,
like the droplet size and surfactant concentration. Future extensions of
the present work will include the interactions between small numbers
of swimmers, and the collective behavior of large assemblies, in the
framework of a full multiscale approach

DY 57.13 Thu 16:00 Poster A
Active particles in inhomogeneous environments
— ∙Kevin Schröer, Martin P. Magiera, and Lothar Brendel
— Faculty of Physics and Center for Nanointegration Duisburg-Essen
(CeNIDE), University of Duisburg-Essen, D-47047 Duisburg, Germany
Recent molecular dynamics simulations of dense suspensions of self-
propelled Brownian spheres show the appearance of self-organized pat-
terns, large-scale collective motion and phase separation via particle
agglomeration [1].

In addition to that we follow the idea of an environment-dependent
propulsion mechanism by introducing "passivity"-areas in which the
propulsion of the particles is suppressed. Accumulation-effects are ob-
served in and around these areas which serve as accumulation-nuclei.
The swimmers are modeled in 2D and 3D via Langevin-Dynamics in
order to include inertial effects and to reevaluate the latter’s impor-
tance for the accumulation process. Further investigations focus on
the question to which extent hydrodynamic interactions play a role in
the particle interplay and the collective behavior.

References:
[1] A. Wysocki, R.G. Winkler, G. Gompper, EPL 105, 48004 (2014)

DY 57.14 Thu 16:00 Poster A
Active microrheology of dense microswimmer suspensions —
∙Alexander Liluashvili and Thomas Voigtmann — DLR, Köln,
Deutschland
The dynamics of self-propelled particles like microswimmers in dense
environments are studied using the mode coupling theory of the glass
transition. The theory is developed to investigate the glassy dynam-
ics of active suspensions out-of-equilibrium, violating the fluctuation-
dissipation-theorem relations.

As a starting point of mathematical calculations the Mori-Zwanzig
equations with orientational degrees of freedom in two dimensions are
used. The final equations for the density two-point function and the
friction coefficient in the time domain are solved numerically in a
schematic model including the orientational degrees of freedom, but
neglecting the spatial fluctuations.

DY 57.15 Thu 16:00 Poster A
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Soft Elastic Capsules in Axisymmetric Linearized Viscous
Flow — ∙Horst-Holger Boltz and Jan Kierfeld — TU Dort-
mund, Dortmund, Germany
We present an iterative solution scheme to find the stationary shape of
a deformable axisymmetric elastic surface moving at very low Reynolds
numbers. We use this to study the sedimentation of soft elastic cap-
sules with Hookean stretching and bending energies.

DY 57.16 Thu 16:00 Poster A
How fast is a magnetic snail creeping down a hill? — ∙Anita
Freundorfer, Stefan Hartung, Ingo Rehberg, and Reinhard
Richter — Experimentalphysik 5, Universität Bayreuth, D-95440
Bayreuth, Germany
We investigate a permanent magnet floating on a drop of ferrofluid,
which is positioned at the upper most end of an inclined plane of per-
spex. Releasing a trigger the magnet travels down the ramp leaving a

trace of ferrofluid behind. For different angles of inclination 𝛼 of the
plane we record the time dependent position 𝑥𝛼(𝑡) of the magnet and
determine its velocity 𝑣𝛼(𝑡) = 𝑑𝑥𝛼(𝑡)/𝑑𝑡. The latter depends on the
thickness ℎ𝛼(𝑡) of the ferrofluidic film which is measured by means of
light absorption. For a specific time we plot the layer thickness ℎ𝛼(𝑡)
versus the capillary number 𝐶𝑎 = 𝜂·𝑣

𝜎
where 𝜂 denotes the viscosity

and 𝜎 the surface tension. In the regime 𝐶𝑎 < 0.01 we find ℎ ∝ 𝐶
2/3
𝑎 ,

whereas for 𝐶𝑎 > 0.01 the scaling ℎ ∝ 𝑎 · 𝐶1/2
𝑎 is confirmed. These

scaling laws for the film thickness are in accordance with those found
for a vertical plate pulled out of a liquid [1]. After the magnet arrives
at the bottom of the plane the latter is switched to 𝛼 = 0. The magnet
creeps back on its trace, up to the end, like an inverse snail absorbing
its own slime, which is also investigated quantitatively.

[1] S. Weinstein, K. Ruschak, Annu. Rev. Fluid. Mech. vol.76, 066301
(2004).
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DY 58.1 Thu 16:00 Poster A
Optimal Mixing in Thin Liquid Films — ∙Michael Winkler
and Markus Abel — Statistical Physics and Chaos Theory, Depart-
ment of Physics and Astronomy, University of Potsdam, Potsdam, Ger-
many
Films are nanoscopic elements of foams, emulsions and suspensions,
and form a paradigm for nanochannel transport that eventually tests
the limits of hydrodynamic descriptions. The complex interplay of
thermal convection, interface and gravitational forces yields optimal
turbulent mixing and transport.

Our experimental setup allows to capture thin film interference pat-
terns under controlled surface and atmospheric conditions. The con-
vection is realized by placing a cooled copper rod in the center of the
film. The temperature gradient between the rod and the liquid film at
ambient temperature results in a density gradient, so that the varying
buoyancy induces turbulent motion.

Here we present the statistical analysis of a stable two eddy con-
vection pattern by calculating the entropy and Lyapunov exponents
and compare to the maximally possible mixing efficiency. Addition-
ally, conditional probabilities for the center jet deflection are analyzed
to look for deterministic components.

DY 58.2 Thu 16:00 Poster A
Markov processes linking stochastic thermodynamics and
turbulent cascades — ∙Daniel Nickelsen — Institut für Physik,
Carl-von-Ossietzky Universität Oldenburg, Germany
An elementary example of a Markov process (MP) is Brownian mo-
tion. The work done and the entropy produced for single trajectories
of the Brownian particles are random quantities. Statistical proper-
ties of such fluctuating quantities are central in the field of stochastic
thermodynamics. Prominent results of stochastic thermodynamics are
so-called fluctuation theorems (FTs). FTs express the balance between
production and consumption of entropy.

Turbulent cascades of eddies are assumed to be the predominant
mechanism of turbulence generation fixing the statistical properties of
developed turbulent flows. An intriguing phenomenon of developed
turbulence, known as small-scale intermittency, are violent small-scale
fluctuations in flow velocity that exceed any Gaussian prediction.

In analogy to Brownian motion, we show how the assumption of
the Markov property leads to a MP for the turbulent cascade that is
equivalent to the seminal K62 model. In addition to the K62 model,
we demonstrate how many other models of turbulence can be written
as a MP, including scaling laws, multiplicative cascades, multifractal
models and field-theoretic approaches. Based on the various MPs, we
discuss the production of entropy and the corresponding FTs. In par-
ticular, an experimental analysis indicates that entropy consumption is
linked to small-scale intermittency, and a connection between entropy
consumption and inverse cascades is suggestive.

DY 58.3 Thu 16:00 Poster A
Bernoulli bond percolation on random recursive trees —

∙Rüdiger Kürsten — Institut für Theoretische Physik, Universität
Leipzig, Brüderstr. 16 D-04103 Leipzig
Random recursive trees are obtained from a root node by repeatedly
attaching nodes randomly to one of the existing nodes. We use a
stochastic coupling to obtain some exact results for Bernoulli bond
percolation on random recursive trees of fixed size. We obtain among
other things the expectation value of the root cluster size, of the num-
ber of nodes in the n-th gerneration clusters and the number of clusters
of size one. Some combined limits of system size and percolation prob-
ability are considered and compared to previous work.

DY 58.4 Thu 16:00 Poster A
From low-dimensional chaos to complex behaviour in tran-
sitional pipe flow — ∙Paul Ritter — Lehrstuhl für Strö-
mungsmechanik, Cauerstraße 4 91058 Erlangen
Turbulent pipe flow so far escapes an analytical explanation. The com-
mon approach of applying bifurcation theory to the linearized equa-
tions fails in this case because the transition occurs via finite ampli-
tude perturbations and is characterized by localized turbulent spots
surrounded by laminar flow (so-called “puffs”). A recent proposition
to explain the origin of puffs postulates that, in analogy to low dimen-
sional chaotic systems, turbulence is organized around invariant solu-
tions of the governing equations, glimpses of which can be observed
experimentally as coherent structures.

The work presented here tries to link some of the theory of
low-dimensional chaotic systems to the infinite-dimensional spatio-
temporal complexity of the Navier-Stokes equations. I present a mech-
anism, which elucidates how mildly chaotic transients acquire more
complexity with respect to size, speed and kinematic properties and
hence approach the properties of actually observed turbulence. This
mechanism consists of the interaction and merging of chaotic saddles
with distinct dynamical characteristics. The link between the sad-
dles suggests that invariant solutions with a varying degree of internal
wavelengths, possibly created in a snaking-like mechanism, might be
responsible for the creation of the saddles. Finally, results from a
search for these elementary building blocks of turbulence will be pre-
sented in several symmetry subspaces.

DY 58.5 Thu 16:00 Poster A
Sedimentation stacking diagram of colloidal mixtures under
gravity — ∙Daniel de las Heras and Matthias Schmidt — The-
oretische Physik II, Physikalisches Institut, Universität Bayreuth, D-
95440 Bayreuth, Germany
The observation of stacks of distinct layers in a colloidal or liquid mix-
ture in sedimentation–diffusion–equilibrium is a striking consequence
of bulk phase separation. Drawing quantitative conclusions about the
phase diagram is, however, very delicate. Here we present a general
theory to obtain a unique stacking diagram of all possible stacks un-
der gravity. Simple bulk phase diagrams generically lead to complex
stacking diagrams. We also extend the Gibbs phase rule to determine
the maximum number of sedimented layers under gravity.
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DY 58.6 Thu 16:00 Poster A
Photonic Bands of Colloidal Quasicrystals — ∙Ricardo
Atahualpa Solorzano Kraemer and Schmiedeberg Michael —
Institut für Theoretische Physik II - Soft Matter, Heinrich-Heine-
Universität Düsseldorf, Düsseldorf, Germany
Quasicrystals are structures with long-range positional order but no
translational symmetry. These structures lie between periodic and
disordered structures but still show sharp diffraction patterns that con-
firm the long-range order. They possess several interesting properties
that differ from those of periodic crystals or glasses. This may lead to
an important role for new photonic applications.

Determining photonic bands of quasiperiodic systems represents a
challenge. In this work we study the paths of photons in quasiperi-
odic Lorentz gas models in order to calculate the photonic bands. The
models can be extended to achieve more realistic results. For exam-
ple, in order to consider the effects of refraction, we employ Fresnel’s
equations. In order to include diffraction, we use Mie scattering. We
calculate the band structures for three different geometries: periodic
square lattices, the quasiperiodic Penrose tilling, as well as for a qua-
sicrystal with 8-fold rotational symmetry.

DY 58.7 Thu 16:00 Poster A
Photonic Bands of Colloidal Quasicrystals — ∙Ricardo
Atahualpa Solorzano Kraemer and Michael Schmiedeberg —
Institut für Theoretische Physik II - Soft Matter, Heinrich-Heine-
Universität Düsseldorf, Düsseldorf, Germany
Quasicrystals are structures with long-range positional order but no
translational symmetry. These structures lie between periodic and
disordered structures but still show sharp diffraction patterns that con-
firm the long-range order. They possess several interesting properties
that differ from those of periodic crystals or glasses. This may lead to
an important role for new photonic applications.

Determining photonic bands of quasiperiodic systems represents a
challenge. In this work we study the paths of photons in quasiperi-
odic Lorentz gas models in order to calculate the photonic bands. The
models can be extended to achieve more realistic results. For exam-
ple, in order to consider the effects of refraction, we employ Fresnel’s
equations. In order to include diffraction, we use Mie scattering. We
calculate the band structures for three different geometries: periodic
square lattices, the quasiperiodic Penrose tilling, as well as for a qua-
sicrystal with 8-fold rotational symmetry.

DY 58.8 Thu 16:00 Poster A
Excitation of defects in colloidal quasicrystals close to
the melting transition — ∙Miriam Martinsons and Michael
Schmiedeberg — Institut für Theoretische Physik 2: Weiche Materie,
Heinrich-Heine Universität Düsseldorf, 40204 Düsseldorf, Germany
Quasicrystals are structures with long range order but no translational
symmetry. They can have any rotational symmetry including those
that are not allowed in periodic crystals. In quasicrystals there are
phononic modes as well as additional hydrodynamic modes called pha-
sons. Such phasons correspond to correlated rearrangements of the
particles and arise as a consequence of the additional degrees of free-
dom that do not exist in periodic crystals.

We study how local and global excitations or defects develop in qua-
sicrystals close to the melting transition. Local excitations termed
phasonic flips only occur in quasiperiodic systems. Other defects, e.g.
dislocations and disclinations, cause the melting of the quasicrystal
as predicted by the KTHNY theory. We analyze the positional and
bond-orientational correlation functions during the melting process.
Our studies reveal the similarities and differences of the melting mech-
anism of quasicrystals as compared to the melting of periodic crystals.

DY 58.9 Thu 16:00 Poster A
Effects of temperature on spinodal decomposition in liquid-
vapor systems — ∙Martin Pütz and Peter Nielaba — University
of Konstanz, Germany
We use the “Smoothed Particle Hydrodynamics“ (SPH) simulation
method to investigate the dynamics and thermal evolution of spinodal
decomposition of instantaneously temperature-quenched liquid-vapor
systems. The numerical approach follows a modern formulation of SPH

with a van der Waals equation of state, thermal conduction and a sim-
ple scaling thermostat that allows thermal fluctuations at a constant
predicted mean temperature. The results are in excellent agreement
with theoretical predictions for all time regimes from the initial growth
of “homophase fluctuations” up to the inertial hydrodynamics regime.
We find that the initial stage spinodal decomposition is strongly af-
fected by the temperature field. The domain growth in the late stage
of demixing is found to be rather unaffected by thermal fluctuations.
However, the crossover between these stages is found to occur earlier
in time for higher initial temperatures. We explain this dependency
with the phase interfaces that become diffuse and hence overlap when
the predicted temperature becomes closer to the critical point.

DY 58.10 Thu 16:00 Poster A
Lateral migration of soft microparticles in wavy mi-
crochannels — ∙Matthias Laumann1, Badr Kaoui1, Alexander
Farutin2, Andreas König1, Diego Kienle1, Chaouqi Misbah2,
and Walter Zimmermann1 — 1Theoretische Physik, Universität
Bayreuth, Bayreuth — 2Laboratoire Interdisciplinaire de Physique,
CNRS-Univerisite Joseph Fourier / UMR 5588, BP 87, F-28402 Saint-
Martin d’Heres Cedex, France
We study the cross-streamling migration (CSM) of deformable parti-
cles in the limit of vanishing Reynold number in 2D and 3D Poiseuille
channel flow, which boundaries are spatially modulated. Using 1D
dumbbels, 2D ring polymers, and 3D tetrahedrons (all of which may
be symmetric or asymmetric), we demonstrate how the CSM can be
modified when the waviness of the micro-channel is varied. Starting
with the case of flat boundaries (zero modulation), these particles per-
form a CSM that is always directed towards the channel center[1].
In the case of wavy boundaries, this centric motion may be reversed
once the modulation amplitude exceeds a lower threshold, in which
case the particles migrate off-center and approach a stationary, non-
curvelinear trajectory, located between the walls and the center of the
channel. The distance between such a trajectory and channel center
can be increased by turning up the modulation amplitude, but depends
also on other parameters such as the particle elasticity, for example.
The results shown are obtained via a perturbation calculation of the
wavy Poiseuille flow in the limit of small modulation amplitudes, and
compared with those from Stokesean particle dynamics for arbitrary
modulation amplitudes, showing good agreement. Out study suggests
that the flow generated between wavy boundaries may be exploited
for the separation of particles with varying properties in microfluidic
channels.

[1]B. Kaoui, G. H. Ristow, I. Cantat, C. Misbah, W. Zimmermann,
Phys. Rev. E 77, 021903 (2008)

DY 58.11 Thu 16:00 Poster A
Cross-streamline migration of soft and asymmetric par-
ticles in oscillatory shear flow — ∙Matthias Laumann1,
Paul Bauknecht2, Andre Förtsch1, Stephan Gekle2, Diego
Kienle1, and Walter Zimmermann1 — 1Theoretische Physik, Uni-
versität Bayreuth, 95440 Bayreuth, Germany — 2Biofluid Simulation,
Physikalisches Institut, Universität Bayreuth, 95440 Bayreuth, Ger-
many
We investigate the dynamics and cross-streamline migration (CSM) of
asymmetric, soft particles in oscillatory, linear shear flow. Using 1D
dumbbells, 2D ring polymers, and 3D capsules as elementary repre-
sentatives of such particles, we show that these may indeed migrate
within the shear plane only if they have an intrinsic material asymme-
try and if the shear gradient varies with time. The CSM exists over a
wide range of parameters and, importantly, is a generic property, i.e.,
it does neither depend on the dimensionality of the particle nor on the
details how the particle asymmetry is realized. The migration velocity
can be tuned by various parameters, including the frequency and am-
plitude of the time-dependent, linear shear flow as well as the elastic
properties of the particle. Besides the fundamental importance of this
phenomenon, the ability to tune the migration process externally has
promising applications in microrheology such as particle separation.

DY 58.12 Thu 16:00 Poster A
A Theoretical Investigation of Patterned Depositions from
Thin Films of Evaporating Solutions — ∙Walter Tewes, Svet-
lana Gurevich, and Uwe Thiele — Institut für Theoretische
Physik, Westfälische Wilhelms-Universität Münster, Wilhelm-Klemm-
Straße 9 48149 Münster, Germany
We aim at a theoretical description of patterned deposition of solute
from an evaporating thin film of solution on a substrate.
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For this purpose we formulate a system of coupled partial differential
equations for thin solution layers, describing phase separation within
the solution as well as dewetting and evaporation of the solvent.

The deposition process is investigated in the case of a contact line
of the solution film which recedes due to pulling of the substrate (dip-
coating) and/or evaporation.

The deposition patterns obtained by direct numerical simulations
comprise stripes and patterns of hexagonal type. Central control pa-
rameters defining the properties of the occurring patterns are the ve-
locity of the receding contact line and the initial concentration of the
solution.

DY 58.13 Thu 16:00 Poster A
The shapes of simple comb polymers — ∙Christian von
Ferber1, Marvin Bishop2, Thomas Forzaglia2, Cooper Reid2,
and Gregory Zajac2 — 1Coventry University, UK — 2Manhattan
College
This paper proposes an innovative approach towards the determination
of shapes of branched polymers in the long chain limit. The method
proposed develops an earlier suggestion by G. Wei which however in its
evaluation is limited to specific regular structures. Here, we show that

by numerically evaluating and extrapolating the corresponding sums
and integrals this approach is very powerful and will e.g. allow to de-
termine in the same spirit the shapes of irregular branched structures.
The carefully performed simulations including two different simulation
schemes fully support the results of the semi-analytic approach. We
demonstrate the method and compare the results with two different
carefully performed MC simulation methods which favorably support
the analytical results.

DY 58.14 Thu 16:00 Poster A
Differential Dynamic Microscopy of fluid microstructures in
eutectic systems — ∙Christopher Wittenberg — Universität
Mainz, Mainz, Rheinland-Pfalz
The Differential Dynamic Microscopy (DDM) is a novel light mi-
croscopy technique to gain dynamic information of mesoscopic systems
via real space imaging. DDM excels if the probed system is inhomoge-
neous in nature. In this case the advantage of microscopy comes into
effect by sampling a specified location in the system. Using DDM the
dynamics of various microstructures in a eutectic system has been anal-
ysed. We observed much smaller dynamic changes of such a structure
over time compared to the variation between different microstructures.

DY 59: Poster - networks

Time: Thursday 16:00–18:00 Location: Poster A

DY 59.1 Thu 16:00 Poster A
Topological Phenotypes in Complex Leaf Venation Networks
— ∙Henrik Ronellenfitsch1, Jana Lasser1, Douglas Daly2, and
Eleni Katifori1 — 1Max Planck Institute for Dynamics and Self-
Organization, Goettingen, Germany — 2New York Botanical Garden,
Bronx, NY, USA
The leaves of vascular plants contain highly complex venation net-
works consisting of recursively nested, hierarchically organized loops.
We analyze the topology of the venation of leaves from ca. 200 species
belonging to ca. 10 families, defining topological metrics that quantify
the hierarchical nestedness of the network cycles. We find that most
of the venation variability can be described by a two dimensional phe-
notypic space, where one dimension consists of a linear combination
of geometrical metrics and the other dimension of topological, pre-
viously uncharacterized metrics. We show how this new topological
dimension in the phenotypic space significantly improves identification
of leaves from fragments, by calculating a “leaf fingerprint” from the
topology and geometry of the higher order veins. Further, we present
a simple model suggesting that the topological phenotypic traits can
be explained by noise effects and variations in the timing of higher
order vein developmental events. This work opens the path to (a)
new quantitative identification techniques for leaves which go beyond
simple geometric traits such as vein density and (b) topological quan-
tification of other planar or almost planar networks such as arterial
vaculature in the neocortex and lung tissue.

DY 59.2 Thu 16:00 Poster A
Complex Network Based Role Attribution in International
and Intersectoral Trade — ∙Julian Maluck and Reik V. Don-
ner — Potsdam Institute for Climate Impact Research, Germany
Supply chains in contemporary economy result in a complex network of
trade relationships with a highly non-trivial topology. Multi-regional
input-output tables summarize the monetary flows between industry
sectors and can be meaningfully interpreted as a weighted and directed
network of interacting subgraphs. We show that complex network the-
ory provides sophisticated methods to attribute characteristic roles to
industry sectors and countries. Specifically, in a directed network dif-
ferent patterns of clustering coefficients are attributed to different roles
in the supply chain. In order to evaluate the robustness of trade re-
lationships we introduce a generalization of the Hamming distance to
weighted networks. In addition, we discuss how further standard net-
work measures can be adapted on an economically meaningful way for
studying the network properties of global trade.

DY 59.3 Thu 16:00 Poster A
Controllability of bipartite networks — ∙Chiranjit Mitra and
Reik Donner — Potsdam Institute for Climate Impact Research,
P.O. Box 60 12 03, 14412 Potsdam, Germany

We investigate the controllability of bipartite networks using the es-
tablished concept of maximum matching as well as the more recently
explored minimum dominating set approach. We consider random
undirected bipartite networks consisting of two sets of 𝑁1 and 𝑁2

nodes, respectively, where every possible edge occurs independently
with probability 𝑝. Under such settings, we find that for any given
value of 𝑝, the number of unmatched nodes increases with 𝑁1 − 𝑁2.
Likewise, for low values of 𝑝, although the domination number in-
creases with 𝑁1 − 𝑁2 the change is not so sharp as compared to the
change in the number of unmatched nodes obtained in a similar set-
ting. However, for higher values of 𝑝, the domination number is almost
independent of 𝑁1 −𝑁2. For any given value of 𝑁1 −𝑁2, the number
of unmatched nodes is found to be mostly independent of 𝑝. On the
other hand, for any given value of 𝑁1 − 𝑁2, the domination number
decreases with increasing 𝑝. Moreover, we observe that at given values
of 𝑁1−𝑁2 and 𝑝, the number of unmatched nodes is generally greater
than or equal to the domination number.

DY 59.4 Thu 16:00 Poster A
Significance tests for topological characteristics of spatially
embedded networks — ∙Marc Wiedermann1,2, Jonathan F.
Donges1,3, Reik V. Donner1, and Jürgen Kurths1,2 — 1Potsdam
Insitute for Climate Impact Research, Germany — 2Humboldt Uni-
versity, Berlin, Germany — 3Stockholm Resilience Centre, Stockholm
University, Sweden
Spatially embedded complex networks, i.e., networks where the nodes
are embedded in some metric space, have attracted increasing atten-
tion in many fields of science. In such systems, it is of particular
interest to study which network properties can solely be explained by
the spatial embedding of the nodes and which are unique to the sys-
tem under study with respect to a predefined null hypothesis. For this
purpose, we introduce a set of random null models for spatially embed-
ded networks, which are constrained by the spatial embedding of the
nodes to different extents. These surrogate networks are generated by
randomly shuffling edges in the original network but preserving spatial
properties such as the edge length distribution or the average length of
edges emerging from each node. For three different real world systems,
we use our framework to evaluate to what extent measurable network
characteristics can be explained by the spatial embedding of the sys-
tem alone. The proposed random network models serve to generally
evaluate the significance of links and network characteristics in general
spatially embedded networks and are applicable also to functional net-
works, where links represent significant similarities between different
localized areas or monitoring points in the system under study.

DY 59.5 Thu 16:00 Poster A
Symmetry-based coarse-graining of regular evolved networks
— ∙Steffen Karalus and Joachim Krug — Institut für Theoreti-
sche Physik, Universität zu Köln
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Virtually all empirical network structures are adjusted to their func-
tional requirements by some evolutionary process adapting the topol-
ogy for the specific needs. In most cases the functionality of a network
is associated with the global behavior of dynamical processes based
on the network. Many important processes are governed by the graph
Laplacian. Its spectrum determines the overall behavior of such dy-
namics on a network. The strategy of evolutionary optimization can
be successfully applied to find networks with a specific spectral dimen-
sion (power-law in the Laplacian spectrum) such that a non-trivial
(subdiffusive) dynamical behavior emerges [1].

Networks evolved under the additional constraint of 𝑘-regularity ex-
hibit an abundance of certain symmetric motifs. This can be exploited
to construct quotient networks as systematic coarse-graining based on
network symmetry [2]. This coarse-graining removes redundancies but
retains the overall network structure. In this way we obtain a signifi-
cant simplification of the evolved networks while the power-law spec-
trum and spectral dimension are preserved.
[1] S. Karalus and M. Porto, EPL 99, 38002 (2012).
[2] B. D. MacArthur and R. J. Sánchez-García, Phys. Rev. E 80,
026117 (2009).

DY 59.6 Thu 16:00 Poster A
Self-organized alternating chimera states in oscillatory me-
dia — ∙Sindre W. Haugland, Lennart Schmidt, and Katha-
rina Krischer — Physik-Department, Nonequilibrium Chemical
Physics, Technische Universität München, James-Franck-Str. 1, D-
85748 Garching, Germany
Oscillatory media can exhibit the coexistence of synchronized and
desynchronized regions, so-called chimera states, for uniform param-
eters and symmetrical coupling. In a phase-balanced chimera state,
where the totals of synchronized and desynchronized regions, respec-
tively, are of the same size, the symmetry of the system predicts
that interchanging both phases still gives a solution to the underly-
ing equations. Through simulations of an oscillatory medium gov-

erned by a complex Ginzburg-Landau equation with nonlinear global
coupling, we observe this kind of interchange as a self-emergent phe-
nomenon, occurring repeatedly for an apparently indefinite amount of
time. Simulations also corroborate the hypothesis that a steady ex-
pansion of the turbulent phase is favoured, whereas a global constraint
restricts its overall size. In contrast to the case of the non-alternating
chimera states also found in our model system, the phase balanced
state is not stable for alternating chimera states, leading to diffusional
growth slightly beyond phase balance and a subsequent interchange
of phases. The existence of self-emergent, self-sustaining alternating
chimera states broadens the scope of future research into chimera states
in general, and may help improve our understanding of chimera-like
phenomena observed in biology.

DY 59.7 Thu 16:00 Poster A
Topological and geometrical properties of mitochondrial net-
works — ∙Andreas Veres, Sven Bauernfeind, and Matthias
Weiss — University of Bayreuth, Bayreuth, Germany
Mitochondria typically form extended networks in eukaryotic cells
which span throughout the cytoplasm. It is commonly believed that
network formation correlates with the cells energy demand, yet the
basic physico-chemical self-organization processes that govern network
formation and maintenance are poorly understood. Using live-cell
imaging and quantitative image analysis we have studied topologi-
cal and geometrical properties of mitochondrial networks in untreated
cells and in cells lacking microtubules. In particular, we have quan-
tified the network efficiency via the ”node betweenness” and we have
used a number-and-brightness analysis and quantitative bleaching ex-
periments to estimate the local flux within mitochondrial tubes. In
response to drug treatment, we observed gross changes in the orga-
nization of mitochondria. Based on our experimental data, we have
formulated a quantitative simulation model that rationalizes the ob-
served transition.

DY 60: Poster - complex systems and data analysis

Time: Thursday 16:00–18:00 Location: Poster A

DY 60.1 Thu 16:00 Poster A
Modelling and prediction using symbolic regression by ge-
netic programming — ∙Markus Quade, Markus Abel, and Rug-
gero Vasile — Ambrosys GmbH, Potsdam, Deutschland
Machine learning assisted modelling is used successfully in a broad
variety of systems. However, the models are often not physically inter-
pretable. Symbolic regression, in contrast, yields formulas as results,
which can be analyzed by means of dynamical systems methods.

Specifically, we use evolutionary principles to explore possible mod-
els to forecast the production of green energy by genetic programming.
In order to find suitable models in acceptable time, we extend the stan-
dard genetic programming method.

One advantage of this approach is that it is in principle not biased
by human perception. Of course, prior knowledge about the system
investigated should be used by providing building blocks and a good-
ness of fit measure. Finding a model means searching for a best fit in
function and/or parameter space.

We illustrate our ideas in detail with real measurements and the
corresponding prediction.

DY 60.2 Thu 16:00 Poster A
Complex Systems Approaches to Detecting Tipping Behavior
in Paleoclimate Time Series — ∙Jasper G. Franke and Reik V.
Donner — Potsdam Institute for Climate Impact Research, Potsdam,
Germany
In the last years the existence of tipping elements in the Earth’s cli-
mate system has gained increased attention. Here, tipping behavior
refers to dynamical transitions of some subsystem leading to a qual-
itatively different state. In the light of the recent debate on possible
regime shifts due to global climate change it is necessary to understand
if, when and where such transitions have occurred in the past in order
to assess possible future risks.

As tipping of climate elements should be accompanied by changes in
the nonlinear dynamics (e.g., due to bifurcations or noise-induced tran-
sitions), methods from nonlinear time series analysis can lead to addi-

tional insights regarding the existence of past transitions. In this work,
we study the capabilities of several recently developed methods like re-
currence network analysis or visibility graphs as well as spatio-temporal
methods to reveal complex signatures of past nonlinear regime shifts.
The potentials and limitations of these novel approaches are systemat-
ically compared with those of classical early warning indicators like in-
creasing autocorrelation, variance, etc. We illustrate the performance
of the different methods for synthetic time series exhibiting tipping
point behavior as well as different paleoclimate time series.

DY 60.3 Thu 16:00 Poster A
(How) Can we trust in Lyapunov exponents estimated from
time series? — ∙Ulrich Parlitz — Max Planck Institute for Dy-
namics and Selforganization, Göttingen, Germany — Institute for Non-
linear Dynamics, Georg-August-Universität Göttingen, Germany
Lyapunov exponents are fundamental for quantifying sensitive depen-
dence on initial conditions and chaos. While their computation us-
ing dynamical evolution equations is quite straight forward (even for
high dimensions and extended systems) estimating Lyapunov expo-
nents from time series remains a challenge. We shall discuss and il-
lustrate problems and pitfalls using time series generated by differ-
ent chaotic systems. In particular we shall consider a six dimensional
Lorenz-96 model that possesses a chaotic attractor (Kaplan-Yorke di-
mension D=4.18) with a single positive Lyapunov exponent. For this
example estimation of the (largest) Lyapunov exponent(s) turns to be
quite difficult and requires very long time series indicating practical
limits of purely data based estimation methods.

DY 60.4 Thu 16:00 Poster A
Inhomogeneous shear-induced alignment of anisotropic bi-
nary mixtures — ∙Henning Reinken, Rodrigo Lugo-Frias, and
Sabine H. L. Klapp — Institut für Theoretische Physik, Technische
Universität Berlin, Hardenbergstr. 36, 10623 Berlin, Germany
Due to their presence in a wide variety of biological contexts and tech-
nological applications, the study of homogenous [1] and inhomogeneous
mixtures of anisotropic particles has increased considerably in recent
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years. One important question in that context is how their rheological
properties change when they are driven out of equilibrium by means
of a steady flow.

In the present work we develop an inhomogeneous equation for the
shear-induced alignment of anisotropic binary mixtures in the scope
of irreversible thermodynamics [2,3]. To this end, we calculate the
entropy production that accounts for flow velocity, pressure and align-
ment. To guarantee a positive value, we establish the appropriate
linear relations between the thermodynamic fluxes and forces.
[1] R. Lugo-Frias and S. H. L. Klapp, in preparation (2015).
[2] S. R. de Groot, P. Mazur, Non-Equilibrium Thermodynamics, Ed.
Dover (1984).
[3] S. Hess, I. Pardowitz, Z.Naturforsch. A 36a, 554 (1981).

DY 60.5 Thu 16:00 Poster A
Finding optimal solutions for the delacorte numbers prob-
lem by using a hybrid optimization approach — ∙Jan Jurczyk
and Alexander Eckrot — University of Regensburg, Regensburg,
Germany
The delacorte numbers problem was proposed by Al Zimmermann in
his computational contests. The goal is to find the maximum and min-
imum groundstate, where an interaction was defined by the greatest
denominator times the euclidean distance in a square matrix contain-
ing the numbers from 1 to 𝑛2. Our approach is similar to the well
known TSP-Problems, where finding backbones within the solution is
critical in generating possible groundstates.

DY 60.6 Thu 16:00 Poster A
Markovian approximation and perturbation theory of trans-
port processes in geophysical flows — Naoya Fujiwara1,
Kathrin Kirchen2,3, Jonathan F. Donges3,4, ∙Reik V. Donner3,
Jürgen Kurths3,5, and Kazuyuki Aihara1 — 1University of Tokyo,
Japan — 2University of Bonn, Germany — 3Potsdam Institute for
Climate Impact Research, Germany — 4Stockholm Resilience Centre,
Sweden — 5Humboldt University, Berlin, Germany
We propose a Markov chain-based framework for analyzing passive
transport in geophysical flows. For this purpose, the available space is
coarse-grained, and transition probabilities between different boxes are
estimated. The stochastic transition matrix becomes time-dependent
if the underlying flow exhibits changes with time. In order to ana-
lytically treat this case, we introduce a first-order perturbation the-
ory that allows evaluating the corresponding changes in terms of the
largest eigenvalue and associated eigenvector of the perturbed transi-
tion matrix. Specifically, three different problem classes are studied
that are potentially relevant for geophysical applications: point-wise
absorption of particles, absorption in the presence of a constant in-
put of particles, and changes in the steady state in the case of mass
conservation. For some simple 2D flow model exhibiting Lagrangian
turbulence, we demonstrate numerically that the absorption rates pro-
vided by first-order perturbation theory describe the actual dynamics
of the system very well.

DY 60.7 Thu 16:00 Poster A
Non-global coupling in two- and three-state systems — ∙Simon
Christ, Bernard Sonnenschein, and Lutz Schimansky-Geier —
Humboldt-Universität zu Berlin, Institut für Physik, Deutschland
Two- and three-state renewal models with non-exponential waiting

time densities have been used to mimic noisy excitable and oscilla-
tory systems to decribe various processes like chemical reactions or
neural networks. In this work effects of non-global coupling on steady
and oscillatory states in random binary networks with exhibitory cou-
pling or with indirect coupling as an active medium are investigated.
In order to study global oscillations and bistable behaviour with re-
spect to noise intensity and coupling strength or delayed feedback,
direct numerical simulations are performed are performed as well as
an approximate mean field model is proposed for complex networks. It
allows solution for the steady states supplemented with their stability
analysis. Transition states and multistability were observed if varying
the network structure.

DY 60.8 Thu 16:00 Poster A
Long-range response in AC and DC electricity grids —
∙Daniel Jung and Stefan Kettemann — School of Engineering and
Science, Jacobs University Bremen gGmbH, Campus Ring 1, 28759
Bremen, Germany
Local changes in the topology of electricity grids can cause overloads
far away from the disturbance [1], making the prediction of the ro-
bustness against power outages a challenging task. The impact of
single-line additions on the long-range response of DC electricity grids
has recently been studied [2]. With this work, we extend the investiga-
tion to the case of alternating currents. Therefore, we study electricity
grids with a random distribution of complex impedances on the edges
of a regular 2D grid. By determining the resonance frequencies of the
circuit, we are able to forecast consequences for the conditions for sta-
ble grid operation. Further, we analyse the spatial distribution of the
voltage amplitudes.

[1] D Witthaut, M Timme, Eur. Phys. J. B 86, 377 (2013).
[2] D Labavic, R Suciu, H Meyer-Ortmanns, S Kettemann, Eur.

Phys. J. Spec. Top. (2014).

DY 60.9 Thu 16:00 Poster A
The Coincidence Skill Score - a new approach to quantify
event simultaneity in climate applications — ∙Jonatan F. Sieg-
mund and Reik V. Donner — Potsdam Institut für Klimafolgen-
forschung, Postfach 601203, 14412 Potsdam
Besides gradual changes of the mean behaviour of climate variables,
global climate change results in higher frequencies and intensities of
extreme events like heat waves, droughts or intense rain events. The
impacts of these events on terrestrial ecosystems are hardly known.

In this study, we develope an extention of the Coincidence Anal-
ysis, a method to detect non-random simultaneous appearences of
extreme events in two time series. For this purpose, we consider a
Non-Reaction-Rate, complementing the formerly studied Coincidence
Rate, to define a Coincidence Skill Score, related to the Peirce Skill
Score which is widely used in meteorological applications. The new
method has the advantage of distinguishing between different cases of
simultaneous and non-simultaneous events and therefore provides an
alternative for the comparison of time series with different numbers of
extreme events.

We apply this approach to investigate the influence of climatic ex-
treme events on wildlife plant flowering phenology for Germany. Our
results underline formerly found relationships and additionally high-
light long-term-dependencies between extremely high temperatures
and very early plant flowering with a time-lag of almost one year.
These results support hypotheses, that more and stronger climate ex-
treme events might sustainably disturb domestic ecosystems.
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DY 61: Poster - Glasses

Time: Thursday 16:00–18:00 Location: Poster A

DY 61.1 Thu 16:00 Poster A
Molecular dynamics simulation of Two-Dimensional silica us-
ing multi-body potentials. — ∙Projesh Kumar Roy1 and An-
dreas Heuer2 — 1Institute of Physical Chemistry, University of
Muenster. — 2Institute of Physical Chemistry, University of Muenster.
The discovery of a new material called ”Two-dimensional silica bi-
layer”[1][2]; has created a great excitement among the glass scientists.
Using STM and SPM method it was revealed that the material con-
sists of only two atomic layers of silica. It behaves like a 2-D system
due to a very remarkable symmetry present between the layers. Un-
der different reaction condition both crystalline and amorphous form
was produced separately and sometimes both in the same layer. The
nature of the amorphous form is very similar to the Zacharisen’s 2D
silica glass model. Earlier a ”Soft-Core Yukawa”[3] type potential
was used to a 2-D model of silica bilayer to describe this structure
formation in amorphous state by energy minimization method of the
”Inherent Structures”[4]. For a stable 3D model; a continuous surface
potential, a gravitational field, and a multi-body potential; such as
Stillinger-Weber type three body potential [5]; was used. The system
was simulated in various temperatures in NVT. Thermodynamic and
kinetic properties of the system were studied and a crystal amor-
phous transition was characterized.[1]Heyde M. et al,Chem.Phys.Lett.
550,1(2012).[2]HuangP.Y. et al,Nano Lett.,12,1081(2012 [3]Mendez-
Maldonado et al.,J.Chem.Phys.137,054711(2012).[4]Stillinger
F. et al,Phys.Rev.A 25,2,978(1982). [5]Feuston B.P. et
al,J.Chem.Phys,89,9(1988).

DY 61.2 Thu 16:00 Poster A
Influence of Atomic Tunneling Systems carrying a Large Nu-
clear Quadrupole Moment on the Dielectric Properties of
Glasses at Very Low Temperatures — ∙Annina Luck, Nils
Hauff, Anne Zeißner, Andreas Fleischmann, Andreas Reiser,
and Christian Enss — Kirchhoff-Institut für Physik, Universität Hei-
delberg, 69120 Heidelberg
Glasses containing significant amounts of isotopes carrying large nu-
clear electric quadrupole moments show very surprising effects that
are not explained by the standard tunneling model. These effects ap-
pear in dielectric measurements, both in the low frequency and the
microwave regime.

The nucleus of 165Ho carries a very large electric quadrupole and
therefore appears to be a good candidate to investigate the influence of
atomic tunneling systems carrying a large nuclear quadrupole moment
on the dielectric properties of glasses down to very low temperatures.
Here, we present measurements of dielectric properties of the multi-
component glass HY-1, containing several percent of holmium. These
measurements have been performed in a wide frequency range from
60Hz to 1GHz and at temperatures between 7mK and several Kelvin.

Our measurements show surprising temperature, frequency and elec-
tric field strength dependent effects that indicate a non-phonon based
thermal relaxation process.

DY 61.3 Thu 16:00 Poster A

Effects of Confinement on the Dynamics of Aqueous Mixtures
— ∙Matthias Sattig and Michael Vogel — Institut für Festkör-
perphysik, TU Darmstadt, Hochschulstraße 6, 64289 Darmstadt
The dynamical behavior of aqueous mixtures in bulk and in confine-
ment is a topic of great interest. For example, a water concentration
dependent behavior of the glass transition temperature was found in
PG-water and in PGME-water mixtures, which is very different for
the two cases [1]. This was attributed to different possibilities of both
molecules to form H-bonds in the bulk and different mechanisms of H-
bonding in the presence of additional water. The forming of H-bonds
can be disturbed by introducing a geometrical confinement, whose sur-
face interacts with the guest molecules and spatially restricts the bond
network. We present rotational correlation times 𝜏 of both above men-
tioned mixtures in bulk and in mesoporous silica MCM-41 at several
water concentrations, obtained from 2H-NMR. In the high tempera-
ture regime spin-lattice-relaxation experiments show similar results for
both mixtures in bulk and in confinement. At lower temperatures they
hint at the occurrence of a phase separation, assisting the interpreta-
tion from Elamin et al. [2]. They propose the idea of water clustering
at the surface. Our results are compared with results from dielectric
spectroscopy of the mixtures in bulk and confinement. Similarities
with water confined in MCM-41 are discussed, where the observable
relaxation at low temperatures was attributed to surface layer of wa-
ter[3].

[1] Sjöström et al., PCCP, 12, 10452, 2010 [2]; Elamin et al., to be
published; [3] Sattig et al., PCCP,16, 19229 , 2014

DY 61.4 Thu 16:00 Poster A
Theory of heterogeneous viscoelasticity — ∙Walter
Schirmacher1,2,3, Giancarlo Ruocco3, and Valerio Mazzone3

— 1Universität Innsbruck — 2Universität Mainz — 3Università ”La
Sapienza” Roma
We present a new theory of viscoelasticity of a glass-forming viscous
liquid near and below the glass transition. In our model we assume
that each point in the material has a specific viscosity, which varies
randomly in space according to a fluctuating activation free energy. We
include a Maxwellian elastic term and assume that the corresponding
shear modulus fluctuates as well with a similar distribution as that
of the activation barriers. The model can be mapped to an effective
heterogeneous elasticity theory, which is solved in coherent-potential
approximation (CPA). The theory predicts an Arrhenius-type tem-
perature dependence of the viscosity in the vanishing-frequency limit,
independent of the distribution of the activation energies. It is shown
that this activation energy is generally different from that of a diffus-
ing particle with the same barrier-height distribution. At finite, but
low frequencies the theory describes low-temperature alpha relaxation
together with the beta wing. Good agreement with data on metallic
glasses is obtained. At high frequencies the theory reduces to hetero-
geneous elasticity theory, which explains the occurrance of the boson
peak and related vibrational anomalies.

DY 62: Poster - Dynamics
Nonlinear Dynamics, Synchronization and Chaos; Delay and Feedback Dynamics; Pattern Formation
Modelling of non-linear dynamics in biological movement; Granular Matter /Contact Dynamics

Time: Thursday 16:00–18:00 Location: Poster A

DY 62.1 Thu 16:00 Poster A
Ergodicity criterion for small Hamiltonian systems —
∙Patrick Pietzonka and Udo Seifert — II. Institut für Theoretis-
che Physik, Universität Stuttgart
We study the long-time behavior of Hamiltonian systems in the con-
text of a formalism developed by H. Mori, R. Zwanzig and M. H. Lee
(MZL) [1]. This formalism leads to the representation of autocorrela-
tion functions of dynamical observables as infinite continued fractions.
From the convergence properties and the analysis of these mathemati-
cal constructs we derive a simple formulation of an ergodicity criterion.

We illustrate this criterion by applying it to non-linear oscillators and
short chains of non-linearly coupled particles. These examples require
the numerical computation of a large number of continued fraction
coefficients.

Our approach reveals some general limits of the MZL formalism for
certain classes of correlation functions. To overcome these limits we
suggest a generalization that may lead to better approximations of
correlation functions and entail a refined ergodicity criterion.
[1] M. H. Lee, Phys. Rev. Lett. 49, 1072 (1982)
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DY 62.2 Thu 16:00 Poster A
A prototype dynamical system with a generalized mechani-
cal potential — ∙Bulcsú Sándor and Claudius Gros — Institut
für Theoretische Physik, Goethe Universität, Frankfurt am Main, Ger-
many
In dynamical systems theory, prototype systems are often used to
investigate different bifurcation scenarios or certain dynamical be-
haviours. Systems, like the van der Pol oscillator, the Takens-
Bogdanov system, or the Rössler system, are considered to be pro-
totypical examples for the birth of limit cycles, homoclinic and period
doubling bifurcations respectively, but leave little or no possibility to be
reshaped for exploratory purposes while keeping their major dynamical
features unchanged. Thus, one would sometimes like to design simple
systems with predefined properties to understand the bifurcations of
systems with higher complexity.

In this work a new class of prototype systems is proposed, which
provides a mechanistic understanding for many different dynamical
behaviours, including the previously mentioned bifurcations. We intro-
duce a generalized mechanical potential which allows the local minima
to be placed at arbitrary locations. Together with a velocity dependent
force term one can easily control the flow through the parameters, by
changing the balance between energy uptake and dissipation along the
trajectory. Increasing the dimensionality of the system a whole cascade
of limit cycle bifurcations is revealed, culminating in a period-doubling
route to chaos.

DY 62.3 Thu 16:00 Poster A
Transient dynamics reveal network connectivity — ∙Jose
Casadiego1,3 and Marc Timme1,2,3 — 1Network Dynamics, Max
Planck Institute for Dynamics and Self-Organization, 37077 Göttingen,
Germany — 2Institute for Nonlinear Dynamics, Faculty of Physics,
University of Göttingen, 37077 Göttingen, Germany — 3IMPRS
Physics of Biological and Complex Systems, Göttingen Graduate
School for Neurosciences, Biophysics and Molecular Biosciences, 37077
Göttingen, Germany
Determining the physical structure of interactions within a network
poses a great challenge to date. Still, current methods are mostly de-
signed to deal with long recordings of network dynamics, which (some-
times) may be infeasible. Thus, developing methods that rely only on
short recordings will fill an important gap. Here we demonstrate that
transient-responses of networks to dynamical perturbations reveal its
structure. By applying external driving signals to units, we track how
networks transiently respond to signals for short periods of time (~10
measurements). We explicitly demonstrate the direct relation between
these transient responses and network connectivity. As examples, we
retrieve full connectivity of networks of coupled Kuramoto-like oscilla-
tors exhibiting complex non-periodic dynamics. Assuming sparseness,
we safely recover network connectivity even if the number of differ-
ent transient dynamics is much smaller than the number of units in
the network. Our approach is model independent and does not rely
on particular features of specific systems (e.g. fixed points or limit
cycles).

DY 62.4 Thu 16:00 Poster A
Slow points and adiabatic fixed points in small neural net-
works — ∙Hendrik Wernecke and Claudius Gros — Institut
für Theoretische Physik, Goethe-Universität, Max-von-Laue-Str. 1,
Frankfurt am Main, Germany
Fixed points and limit cycles play an important role for the dynam-
ics of neural networks. However, in the present work we examine the
influence of slow points on the flow and motion in phase space.

A special kind of slow points, so-called attractor remnants, come into
existence when adding a slowly varying dimension to a (faster) system.
At the fixed points of the faster system the flow does no longer neces-
sarily vanish, but these points are still present in the network as slow
points. In order to examine the influence of the slow points on the
compound system, the concept of adiabatic fixed points is introduced
and the effect on small neural networks is discussed.

It turns out that with the help of these remnants one can describe
a mechanism that spans limit cycles and determines the dynamical
behaviour of the system. To analyze and compare systems of different
dimensionality measures such as the system*s speed in phase space or
the distance of the trajectory to the adiabatic fixed points are defined
and their properties are examined.

DY 62.5 Thu 16:00 Poster A
Delay-Induced Dynamics of Localized Structures in Systems

with Spatial Inhomogeneities — ∙Felix Tabbert and Svetlana
Gurevich — Institut für Theoretische Physik, Münster
We are interested in the control of localized structures in spatially ex-
tended dissipative systems by time-delayed feedback. We show that
changes in the delay time and the delay strength lead to various dy-
namical solutions including the formation of traveling waves, the an-
nihilation of the localized solutions as well as drifting localized struc-
tures. We provide a linear stability analysis of the delayed system
and obtain an analytical expression for the delay-induced instability
threshold. Numerical simulations are also carried out, showing good
agreement with the predicted instability-thresholds.

We also consider the effects of spatial inhomogeneities and defects,
which are inevitable in any experimental setup. These inhomogeneities
break symmetries of the system under consideration and therefore af-
fect the critical modes of a localized solution. The competing effects of
destabilizing delay and stabilizing defects are studied both numerically
and in terms of a linear stability analysis.

DY 62.6 Thu 16:00 Poster A
Bifurcations in a minimal model of predator-swarm interac-
tions — ∙Lukas Ophaus and Uwe Thiele — Institut für Theoretis-
che Physik, Westfälische Wilhelms-Universtität Münster, Germany
We analyse a minimal model of predator-swarm interactions, that was
first introduced by Y. Chen and T. Kolokolnikov. It was found that
depending on the employed parameters and model details different
dynamics occur. The complex shapes of the swarm are similar to ob-
servations in nature [1].

Here, we investigate in particular the bifurcations between static and
dynamical states. We focus on the predator strength. Different out-
comes are e.g. a stable ring of the prey with the predator at its centre,
perdiodic chasing dynamics and solutions with irregular dynamics.

[1] Chen Y., Kolokolnikov T., J. R. Soc. Interface 11: 20131208
(2014).

DY 62.7 Thu 16:00 Poster A
Sound absorption of granular materials — ∙Tamara
Zühlsdorff1, Anna-Maria Daxlberger1, and Thomas
Grillenbeck1,2 — 1Ignaz-Günther-Gymnasium Rosenheim —
2Fakultät für angewandte Natur- und Geisteswissenschaften, Fach-
hochschule Rosenheim
We examine the sound absorption coefficent of granules. We are es-
pecially interested in how the sound absorption depends on the state
and the history of the material. Our experiment is implimented with
variant of ”Kundt’s pipe” which sents an acoustic noise to granules
and appraises the results. With these data we can calculate the sound
absorption coefficient.

DY 62.8 Thu 16:00 Poster A
A Computer Simulation and Experiments to explain the
phenomenon of convection rolls in rotating boxes — ∙Ann-
Kathrin Raab1,2, Adrian Ebert2, and Thomas Grillenbeck2

— 1Technische Universität München D-85748, Germany — 2Ignaz-
Günther-Gymnasium Rosenheim D-83026, Germany
In an investigation of self-organized pattern formation in rotating pack-
ings, several experiments showed a phenomenon which no one can ex-
plain yet: In 2D packings sometimes there are convection rolls and
sometimes not, whereas in 3D packings the patterns appear every time.
A computer simulation should help to find out, whether the pattern
building in 2D packings appears spontaneously or if there are any
undiscovered circumstances which might lead to convection rolls. By
using simple experiments with self constructed packings we will deter-
mine possible connections between the 2D simulation and the previous
2D and 3D experiments.

DY 62.9 Thu 16:00 Poster A
Controlling electrical charges in granular matter — ∙André
Schella, Matthias Schröter, and Stephan Herminghaus —
Max-Planck Institut für Dynamik und Selbstorganisation (MPIDS),
Am Faßberg 17, 37077 Göttingen
It is known since ancient times that two bodies rubbed together acquire
electrostatic charges. Even though such charges can have a tremendous
impact on e. g. industrial powder manufacturing and dust storms, the
physical basis behind this process called contact electrification is still
on open debate [1], [2]. Recently, Liao et al. [3] examined the influ-
ence of the shaking conditions on the electrostatic charge of identical
beads in a container. There, it was argued that contact electrification
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is mainly due to a contact potential difference between the beads and
the container walls, whereas other authors found electrification even
in same materials [4]. In this contribution, we present charge measure-
ments of identical beads that were vertically shaken in a container.
We will work out if material properties of the beads resp. the con-
tainer, the shaking conditions and the environmental conditions affect
the charge gained via contact electrification. [1] L. McCarty and G.
Whitesides; Angew. Chem. Int. Ed. 47 (2008) 2188 [2] D. Lacks and
R. Sankaran; J. Phys. D: Appl. Phys. 44 (2011) 453001 [3] Liao et
al.; Powder Technology 208 (2011) 1-6 [4] S. Waitukaitis et al.; Phys.
Rev. Letters 112 (2014) 218001

DY 62.10 Thu 16:00 Poster A
Simulation of the Chain Fountain — ∙Lukas Zwirner, Volker
Becker, and Klaus Kassner — Otto-von-Guericke Universität
Magdeburg, Institut für Theoretische Physik/Computerorientierte
Theoretische Physik
Although chain dynamics is a subject of investigation since the 17th
century, chains exhibit various counterintuitive behaviors, e. g. the end
of a chain falls faster than 𝑔, due to tension (Hamm, Geminard: Am.
J. Phys., Vol 78, No. 8. Aug. 2010).

Another spectacular example — the chain fountain — was investi-
gated by Biggins et al. (Proc. R. Soc. A 470, 2014) inspired by a
famous youtube video, which was made by Steve Mould and scored
∼ 1.5 million views. Such a chain fountain can be established by
pulling an appropriate chain, resting in a beaker, over the rim. Then,
it ’flows’ out due to gravity. However, instead of just sliding on the
rim the chain forms a fountain. Biggins et al. argued that the origin of
the chain fountain should be a pushing reaction force from the beaker
during pickup process.

Our aim is to simulate these phenomena. Therefore a two-
dimensional DEM simulation for granular matter was altered to al-
low links between polygonal particles, represented by damped springs.
This allows us to study the behavior of different 2D chains with little
restrictions (the chain elements need to be convex polygons) and to
get detailed insight into the forces and tensions acting in the chain
and thus into the origin of the fountain formation.

DY 62.11 Thu 16:00 Poster A
Feuchtetransport in granularen Medien — ∙Yannick Weis1 und
Thomas Grillenbeck2 — 1Ignaz-Günther-Gymnasium, Rosenheim
— 2Fakulät für angewandte Natur- und Geisteswissenschaften, Fach-
hochschule Rosenheim
Herrscht ein Konzentrationsunterschied, so wandern Teilchen auch bei
ruhiger Umgebung vom Ort höherer Konzentration zum Ort niedri-
gerer Konzentration. Liegt dieser Unterschied im Dampfdruckgehalt
vor, so wandert Feuchte vom Ort höheren Drucks zum Ort niedrigeren
Drucks. Dies kann auch durch eine Trennwand geschehen (Feuchtedif-
fusion).

Wir untersuchen experimentell den Feuchtetransport durch granu-
lare Packungen. Proben, welche ein Glas, gefüllt mit Trockenmittel
(dry-cup) oder Wasser (wet-cup), abdichten (Holz im Vergleich zu Po-
renbeton), werden in den Klimaschrank bei 20 Grad Celsius und 50 %
relativer Luftfeuchte gestellt. Die Proben bilden die Trennwand zwi-
schen zwei Klimata mit unterschiedlich konstantem Dampfdruck bei
konstanter Temperatur. Durch das Dampfdruckgefälle diffundiert Was-
serdampf durch die Probe in den trockeneren Raum und erhöht dort
die Wassermasse. Im feuchteren Raum wird die Wassermasse geringer.
Diese Veränderung der Masse kann durch Wägung bestimmt werden.

DY 62.12 Thu 16:00 Poster A
Mechanical properties of sheared wet granular piles — ∙Anna-
Lena Hippler1, Marc Schaber1, Somnath Karmakar1, Mario
Scheel3, Marco DiMichiel3, Martin Brinkmann2, and Ralf
Seemann1,2 — 1Experimental Physics, Saarland University, 66041
Saarbruecken, Germany — 2MPI for Dynamics and Self-Organization,
Am Faßberg 17, 37077 Goettingen, Germany — 3European Syn-
chrotron Radiation Facility, 6 rue Jules Horowitz, 38000 Grenoble,
France
The mechanical properties of dry and wet bead packs are explored
when being sheared with a parabolic profile at constant shear volume.
The dissipated energy can be determined from the measured differen-
tial pressure and increases about linearly with external pressure for
both dry and wet bead packs. However, the dissipated energy for wet
beads has a finite value for vanishing external pressure and increases
slower with external pressure compared to dry beads.

Using a downsized version of the shear cell the reorganization of

beads and liquid is imaged using ultrafast x-ray micro-tomography.
The movement of each bead can be tracked during the shear process.
The relative movement of the beads causes the breakup of liquid cap-
illary bridges and the liquid that was stored in the liquid bridges is
redistributing within the bead pack. The contribution of the breaking
capillary bridges to the dissipated energy can be quantified by directly
detecting individual rupture events and by analyzing the bead-to-bead-
distances.

DY 62.13 Thu 16:00 Poster A
Mesoscale Modelling of Aeolian Sand Transport — ∙Anne
Meiwald, Marc Lämmel, and Klaus Kroy — Institute of Theo-
retical Physics, Leipzig, Germany
When driven by wind, sand in the desert or at the beach generates
an impressive zoo of structures ranging from delicate ripples to wavy
sand seas spanning orders of magnitude in their size. To understand
how these structures emerge, it is essential to thoroughly describe of
the underlying, seemingly chaotic, hopping motion of the sand grains.
In order to make the complex grain scale physics more amenable to
analytical studies, a coarse-graining approach was proposed that maps
the ensemble of grain trajectories onto two populations representing
fast salting and slow reptating grains [1,2]. On this basis, we now
analyse the mesoscale structure of aeolian sand transport. We find the
predicted mesoscopic observables like the mean hop length or height
and particle velocity to be in a remarkable agreement with experi-
mental data gained from various field and wind tunnel experiments.
Since the physics on the mesoscopic scale is apparently insensitive to
a higher resolution of the grains movement, we argue that our coarse-
grained model offers a suitable starting point for the efficient numerical
mesoscale modelling of aeolian sand transport and structure formation.

[1] Andreotti, B., J. Fluid Mech. 510, 47-70 (2004)
[2] Lämmel, M., Rings, D., Kroy, K., NJP 14, 093037 (2012)

DY 62.14 Thu 16:00 Poster A
Clustering and melting of a driven wet granular monolayer
— Philipp Ramming, Ingo Rehberg, and ∙Kai Huang — Experi-
mentalphysik V, Universität Bayreuth, D-95440 Bayreuth, Germany
Due to the cohesion arising from the capillary interactions, partially
wet granular matter exhibits dramatically different mechanical prop-
erties in comparison to its dry counterpart. Focusing on agitated wet
spherical particles in a quasi-two-dimensional configuration, we investi-
gate experimentally how the cohesion influences the collective behavior
of wet granular matter and discuss possible links to the mobility of in-
dividual particles. As the agitation strength increases, a clustering into
a wet granular crystal followed by a gradual melting arises. We char-
acterize both transitions with the bond orientational order parameters
and the mean kinetic energy of the particles through particle tracking.
Moreover, the influence from the liquid content and the filling fraction
will also be presented.

DY 62.15 Thu 16:00 Poster A
Thermal conductivity and geometric cohesion in aspherical
granular materials — ∙Katharina Staudt1, Felix Triska1, and
Thomas Grillenbeck1,2 — 1Ignaz-Günther-Gymnasium Rosenheim
— 2Fachhochschule Rosenheim
It is well known that the thermal conductivity of a granular material
depends on the volume of granules per unit volume (packing fraction):
The more intense the packing of thermo-conductive granules in a less
conductive medium, the higher the thermal conductivity of the com-
posite material. Most experiments and theoretical considerations use
spherical granules; much less is known about the thermal conductiv-
ity of aspherical granular materials. Here, we use standard U-shaped
staples as radically aspherical granules. Due to their peculiarity to
show geometric cohesion (i.e., cohesion due to particle geometry), we
hypothesize that their thermal conductivity at low packing fractions is
higher than for comparable spherical granular materials.

In our experiments, we will systematically vary the packing frac-
tion of the staples (in air) by different perturbations (like vibrating)
or different manual stacking procedures and determine the thermal
conductivity afterwards.

DY 62.16 Thu 16:00 Poster A
Contact angle hysteresis of a capillary bridge - control
with inkjet printing — ∙Simeon Völkel, Ingo Rehberg, and
Kai Huang — Experimentalphysik V, Universität Bayreuth, 95440
Bayreuth, Germany
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When walking on the beach, one can notice a stripe of particularly firm
ground splitting the dry sand and the sea. The stiffness of partially wet
granular matter, particularly in the so called pendular regime, arises
from the cohesion conveyed by the capillary bridges between adjacent
granular particles. Existing models describing such a cohesive force
typically include a constant contact angle between the wetting liquid
and the particle as a parameter. In practicical situations, e.g. wet
sand at the beach, an equilibrium contact angle should not be taken
as granted due to environmental changes such as raining or draining.

In order to address experimentally such an influence, we control the
volume of a single capillary bridge between two spherical particles with
nanoliter resolution using an ink jet printer and employ evaporation
for volume withdrawal. Using this technique we can drive our system
into a limit cycle, which in turn allows precise measurement of the
contact angle hysteresis via image analysis.

DY 62.17 Thu 16:00 Poster A
3D contact force measurement in a granular packing —
∙Junaid Masud Laskar1, Stephan Herminghaus1, Matthias
Schröter1, and Karen E. Daniels2 — 1Dynamics of Complex Flu-
ids, Max Planck Institute for Dynamics and Self-Organization, Göt-
tingen, Germany — 2Department of Physics, North Carolina State
University, Raleigh, USA
Knowing the contact forces and their statistical distributions inside
a granular packing is a central question in granular physics. Mea-
surement of contact force distributions and force chains till now have
been possible only in 2D [1,2]. However, the physics is expected to be
different inside 3D granular packings.

Towards this end, we have implemented a two photon spectroscopy
technique, by harnessing the pressure dependent fluorescence property
of ruby [3]. The technical challenges, introduced by the high refractive
index (RI ~ 1.76) of ruby, are solved by designing a high numeri-
cal aperture (NA~1.4) objective lens and finding a RI matched light
scattering free immersion liquid solution. The first proof of concept
experimental results will be discussed.

References: [1] T. S. Majumdar and R. P. Behringer, Nature 453,
1079 (2005) [2] Karen E. Daniels and Nicholas W. Hayman, J. of Geo-
phys. Res. 113, B11411 (2008) [3] Y. Chen et al., J. Appl. Phys. 101,
084908 (2007)

DY 62.18 Thu 16:00 Poster A
Friction with your neighbors? Think locally! — ∙Matthias
Schröter1, Max Neudecker1, Cyprian Lewandowski2, Pascal
Wieland2, Claus Heussinger2, Fabian Schaller3, and Gerd
Schröder-Turk3 — 1Max Planck Institute for Dynamics and Self-
Organization, Göttingen — 2Georg-August University of Göttingen —
3Friedrich-Alexander-Universität Erlangen-Nürnberg
Understanding how the number of contacts 𝑍 in a packing of particles
depends on the global volume fraction 𝜑 is a fundamental questions
in soft matter physics. If the particles under consideration are soft
and frictionless spheres, such as emulsions and foams, assuming 𝑍(𝜑)
is reasonable because additional contacts are formed by the globally
isotropic compression of the particles which also increases 𝜑. However,
in frictional granular media the control of 𝜑 is not achieved by com-
pression but by changing the geometric structure of the sample; if we
want to fill more grains into a container we do not compress them with
a piston, but we tap the container a couple of times on the table.

But if 𝑍 and 𝜑 are not simultaneously controlled by a globally de-
fined parameter such as pressure, the idea of a function 𝑍(𝜑) runs into
an epistemological problem. Contacts are now formed at the scale of
individual particles and their neighbors, a scale where 𝜑 is undefined.
What is therefore needed for the theoretical description of frictional
particles is an ansatz which explains 𝑍 using only locally defined pa-
rameters. This poster reviews recent progress towards such a theory
based on experimental results obtained by X-ray tomography of pack-
ings of spheres, ellipsoids, cylinders and tetrahedra.

DY 62.19 Thu 16:00 Poster A
Coarse-grained Simulations of Dune Field Evolution —
∙Meike Will, Sven Auschra, Marc Lämmel, and Klaus Kroy
— Institut für Theoretische Physik, Universität Leipzig, Germany
Crescent-shaped sand dunes, so-called barchans, are among the most
impressive structures observed in arid regions on Earth and on Mars.
Well established dune models [1] suggest that isolated barchans are un-
stable when fed by constant sand flux – they either shrink until they
vanish or grow forever. As barchans commonly arrange in large and
homogeneous fields, the existence of these assemblies indicates that

interactions among adjacent dunes can stabilise them [2].
To investigate the underlying mechanism, we start from an approx-

imate analytical parametrization of the shape and mass evolution of
individual barchans [3] and develop a coarse-grained model that explic-
itly accounts for the wind-driven mass exchange between consecutive
dunes. Sand supplied by the horns of upwind followers to a barchan
initiates a complex response of its shape and mass. A numerical im-
plementation of the derived model relations is used to simulate large
barchan fields. Preliminary results indicate that the dune field, as it
advances downwind, converges towards a steady state that is charac-
terized by a fixed point that closely controls dune size and density,
thereby reproducing field obsevations.

[1] Kroy, K. et al., Phys. Rev. Lett. 88, 054301 (2002)
[2] Durán, O. et al., Nonlin. Processes Geophys. 18, 455-467 (2011)
[3] Fischer, S. et al., Phys. Rev. E 77, 031302 (2008)

DY 62.20 Thu 16:00 Poster A
Traveling waves: orientational and reflection effects induced
by sudden control parameter changes — ∙Fabian Bergmann
and Walter Zimmermann — Theoretische Physik, Universität
Bayreuth, Bayreuth
Traveling wave (TW) patterns are observed in many nonequilibrium
systems, including chemical reactions [1, 2] or biological systems. In
light-sensitive chemical reaction-diffusion systems or in certain bio-
logical systems [3] the respective control parameter can be suddenly
changed from beyond to below critical.

We reveal some generic phenomena induced by such control param-
eter steps in one and two dimensions. In 2d we find an orientational
effect of the step on TWs, where the waves orientate with their prop-
agation direction perpendicular to the step. This behavior has also
been found in a recent experiment.

If we restrict our system to one spatial dimension, a sudden control
parameter drop from beyond to below threshold has consequences sim-
ilar to suppressing boundary conditions [4]. Depending on the length
scale of the control parameter change or on the group velocity of the
TWs we can switch between TWs in the supercritical range to so-called
blinking states, where the envelope of TWs changes as a function of
time.

[1] M. Dolnik, A. R. Rovinsky, A. M. Zhabotinsky, I. R. Epstein, J.
Phys. Chem. A 103, 38 (1999) [2] V. Vanag and I. R. Epstein, Phys.
Rev. Lett. 87, 228301 (2001) [3] J. Schweizer, M. Loose, M. Bonny,
K. Kruse, I. Münch, P. Schwille, PNAS 109, 15382 (2012) [4] M. C.
Cross, Phys. Rev. A 38, 3593 (1988)

DY 62.21 Thu 16:00 Poster A
Influence of spatio-temporal modulations on the orienta-
tion of stripe patterns — ∙Lisa Rapp, Vanessa Weith, Alexei
Krekhov, and Walter Zimmermann — Theoretische Physik, Uni-
versität Bayreuth, Bayreuth
Labyrinth-like stripe patterns occur in a variety of isotropic systems
from chemical reactions, thermal convection and vegetation patterns
to diblock copolymers. For a deeper understanding of the dynamics
of patterns as well as for many technical applications, however, the
control of the stripe patterns is important. We show that spatiotem-
poral modulations are an effective mechanism to control the pattern
morphology. Using traveling, large modulation wavelengths compared
to the intrinsic periodicity of the pattern, labyrinth-like patterns can
be straightened in favor of regular stripe patterns. The orientation of
the stripes can be controlled and selected by varying the velocity of
the traveling modulation. In systems with broken symmetries long-
wavelength modulations can be used to suppress other patterns such
as hexagons or squares in favor of stripe patterns. To support the
results obtained from linear stability analysis, we quantitatively ana-
lyze simulations of the two-dimensional Swift-Hohenberg model with
regard to the distributions of local orientation angles of the stripes.

DY 62.22 Thu 16:00 Poster A
Non-Equilibrium Heating Dynamics of Interacting Luttinger
Liquids — ∙Sebastian Huber1,2, Michael Buchhold1,2, and Se-
bastian Diehl1,2 — 1Institute of Theoretical Physics, Technische
Universität Dresden, 01069 Dresden, Germany — 2Institute of Theo-
retical Physics, University of Innsbruck, A-6020 Innsbruck, Austria
Thermalization dynamics of one dimensional bosonic systems have re-
cently attracted strong attention. As a generic example of a non-
integrable model, we investigate the dynamics of an interacting Lut-
tinger Liquid driven out of equilibrium by persistent heating. In order
to find signatures of thermalization and determine the non-equilibrium
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dynamics of this system, we derive the kinetic equation for the time de-
pendent phonon density and self-energy in a Keldysh non-equilibrium
framework.
The resulting dynamics of the time dependent phonon density can be
separated into two distinct momentum regimes. For large momenta,
an effective thermalization process sets in, spreading continously to
lower momenta. In contrast, at low momenta, the system is described
by a non-equilibrium distribution, growing linear in the momentum
variable. This linear increase is protected by the structure of the three-
phonon scattering vertex.
In the non-equilibrium regime, the scaling form of the phonon life-
times is modified compared to the known equilibrium result, resulting
in a new universal exponent. We show that both the structure of the
phonon density and the scaling of the phonon lifetimes can be experi-
mentally detected by means of Bragg spectroscopy.

DY 62.23 Thu 16:00 Poster A
Synchronization and Phase Separation of Motile Oscillators
— ∙Sebastian Milster and Lutz Schimansky-Geier — Institut für
Physik, Humboldt-Universität zu Berlin, Newtonstr.15, 12489 Berlin
We present a model of noisy interacting Kuramoto phase oscillators
with unimodal and bimodal frequency distributions. The oscillators
have also the ability to move in two spatial dimensions as noisy self-
propelled particles. Within a small sensing radius, these moving oscil-
lators are locally coupled. The motility facilitates a rearrangement of
the oscillators. It changes locally the network structure while main-
taining the global degree distribution.

This complex temporal network of non-identical phase oscillators ex-
hibits various behaviors ranging from completely disordered over tran-
sient waves to globally synchronized states. In this work we study the
influence of the motility on the synchronization processes in vessels

and periodic confinements. We conclude to what extend the tech-
niques of static network analyzes are applicable. First insights into
the underlying dynamics are deduced from a globally coupled network
approach and we present analytical results for static networks with a
multimodal distribution of the intrinsic frequencies. For identical os-
cillators, we estimate critical values of coupling strength for the onset
of synchronization. In case of a bimodal frequency distribution, a ma-
nipulation of the oscillators’ motility in the dependence of the degree
of synchronization leads to a spatial separation of the two populations
with different frequencies.

DY 62.24 Thu 16:00 Poster A
Anisotropic Finite Size Scaling of Orientation Correlation
Functions in Stripe Phases Free of Topological Defects —
∙Christian Riesch, Günter Radons, and Robert Magerle —
Institut für Physik, Technische Universität Chemnitz, D-09107 Chem-
nitz
Recently, we discovered aging in the orientation dynamics of an or-
dered stripe-forming system in two dimensions, referred to as model
B with Coulomb interactions [1]. Here, we study the influence of the
aspect ratio and the size of the system on this dynamics. We find that
the underlying mechanism governing the non-equilibrium evolution is
the anisotropic coarsening of correlated regions within the orientation
field. The spatial correlation functions perpendicular and parallel to
the stripes coarsen as power laws of time with different exponents.
The observed type of aging is also found in stripe phases described by
the conserved and nonconserved Swift-Hohenberg model.

[1] C. Riesch, G. Radons, and R. Magerle, Aging of orientation fluc-
tuations in stripe phases, Phys. Rev. E 90, 052101 (2014).

DY 63: Physics of Sustainability and Human-Nature Interactions II (joint session SOE/ DY/
jDPG/ BP)

Time: Thursday 17:00–18:30 Location: MA 001

Topical Talk DY 63.1 Thu 17:00 MA 001
Critical Transitions in Socio-econo-ecological Systems—A
Global Adaptive Model of the Regional Transitions to Agri-
culture 8000 BC to AD 500 — ∙Carsten Lemmen and Kai W.
Wirtz — Helmholtz-Zentrum Geesthacht, Geesthacht, Germany
Critical transitions in societies emerge as boundaries between cultural
“ages”, e.g. the transition from the Industrial to the Information Age,
or from the Holocene to the Anthropocene. Societal transitions are
believed to emerge from nonlinear feedbacks between environment,
economy, and society, but hypotheses have been difficult to test so
far.

We propose to employ “numerical experiments in history” and con-
sider one of the major critical transitions in world history—the aban-
donment of a foraging lifestyle in favor of agriculture and pastoral-
ism. We investigate this transition with a deterministic and dynamic
model of society. The global model resolves regional-scale human-
environment interactions in space and time, based on only few prog-
nostic adaptive societal traits and their co-evolutionary dynamics with
population size.

We successfully reproduced the agropastoral transition as seen in ar-
chaeological data; we tested demic and cultural hypotheses about its
expansion, finding both equally consistent with the data; we explored
the stability of the expansion pattern facing large-scale palaeoenviron-
mental excursions and found strong resilience of populations and their
key traits. Our model enabled us to quantify global and regional emis-
sions of CO2 and the sustainable population size for the past 10000
years.

DY 63.2 Thu 17:30 MA 001
Evaluating a Socio-environmental Complex Adaptive System:
The Case of Self-Organized Socio-environmental Develop-
ment in State Chiapas. — ∙Felipe Lara-Rosano1 and Adriana
Quiroga-Carapia2 — 1Universidad Nacional Autonoma de Mexico
(UNAM), Mexico City, Mexico — 2Colegio de la Frontera Sur (ECO-
SUR), San Cristobal las Casas, Mexico
The project ”Social and Environmental Innovation for Development
in Areas of High Poverty and Biodiversity in the Southern Border of

Mexico” was proposed by a research institute: the Colegio de la Fron-
tera Sur (ECOSUR), and financed by the Mexican Research Council.
Its central objective: to create opportunities for social and environmen-
tal innovation on the southern border of Mexico, seeking to strengthen
the local capacity for sustainable management of natural resources and
the welfare of its inhabitants. Because of the complex system and en-
vironment dynamics the solution of the problem is not a fixed one
but it is a process that must be continuously evaluated and adapted
based on the standpoint of the complex systems paradigm. The as-
sessment of the socio-environmental development project is performed
conceptualizing and organizing the community as a complex adaptive
system in interaction with its environment. The system has properties
expressed as state variables associated with a value that is changing
through the development process. The analysis of the system dynam-
ics is based on the behavior of its state variables. The Colegio de
la Frontera Sur (ECOSUR) successfully applied this method in rural
development projects in state Chiapas in 2013.

DY 63.3 Thu 17:45 MA 001
Macroscopic description of complex adaptive networks co-
evolving with dynamic node states — ∙Marc Wiedermann1,2,
Jonathan F. Donges1,3, Jobst Heitzig1, Wolfgang Lucht1,2,
and Jürgen Kurths1,2 — 1Potsdam Insitute for Climate Impact
Research, Germany — 2Humboldt University, Berlin, Germany —
3Stockholm Resilience Centre, Stockholm University, Sweden
When investigating the causes and consequences of global change, the
collective behavior of human beings is believed to have a considerable
impact on natural systems. Here, we study opinion formation and
imitation of nodes on a complex network depending on the state of
individual resource stocks that are harvested by each node. Numerical
simulations reveal that high interaction rates between nodes cause a
likely depletion of the resource whereas low interaction rates ensure
their sustainable existence. However, adaptively rewiring the nodes’
neighborhood structure with an appropriate frequency guides the sys-
tem into an equilibrium state where all nodes behave sustainably and
a full depletion of the resource stocks is avoided. In order to explain
these observations, we derive a consistent macroscopic description of
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the system, which provides a general framework to model and quan-
tify the influence of single node dynamics on the macroscopic state of
a network and is applicable to many fields of study, such as epidemic
spreading or social modeling. Our results suggest that with the current
trend to faster imitation and ever increasing global network connectiv-
ity, societies are becoming more vulnerable to environmental collapse
if they remain myopic at the same time.

DY 63.4 Thu 18:00 MA 001
Exploring the safe and just operating space in an inhomoge-
neous world — ∙Wolfram Barfuss1,2, Boyan Beronov1,3, Marc
Wiedermann1,4, and Jonathan Donges1,5 — 1Potsdam Institute
for Climate Impact Research, Germany — 2Friedrich-Alexander-
Universität Erlangen-Nürnberg, Germany — 3Ludwig-Maximilians-
Universität München, Germany — 4Humboldt-Universität zu Berlin,
Germany — 5Stockholm Resilience Centre, Stockholm University, Swe-
den
The Anthropocene has become reality during the 20th century, mean-
ing that our species is pressuring the Earth’s ecosystems on a global
scale. In the meantime the challenge of eradicating poverty has not
yet come to an end. Effectively dealing with these issues requires us
to better understand the driving forces, feedback loops and tipping
elements in the whole earth system, constituted from natural and so-
cial components. To take a step forward in this direction, we refine
an existing conceptual coevolutionary model between social and eco-
logical domains by adding inhomogeneities modelled after real-world
data. We then propose an analysis framework, ’the safe and just space’-
plot, which aligns with the current debate of simultaneously staying
within the Planetary Boundaries and ensuring the social foundations

and transforms it into a practical tool for studying socio-ecological
models as well as real-world observations. First results from compar-
ing the model outcome with real-world data indicate that the current
state of the world is neither particularly safe nor particularly just.

DY 63.5 Thu 18:15 MA 001
Topology of Sustainable Management of Dynamical Systems
with Desirable States — ∙Jobst Heitzig1 and Tim Kittel1,2 —
1Potsdam Institute for Climate Impact Research — 2Humboldt Uni-
versity Berlin
The sustainable management of systems mainly governed by an inter-
nal dynamics for which one desires to stay in a certain region of their
state space requires an understanding of the topology of the system’s
state space in terms of what regions are “safe” to stay in, and to what
qualitative degree, and which of these regions can be reached from
which others by the internal dynamics or by management.

The paradigm of optimal control on the one hand does not provide
sufficient concepts for such a qualitative analysis and on the other
hand typically requires quite a lot of structural knowledge about the
problem, in particular, some or other form of quantitative evaluation
of states.

In this talk, we will derive in a purely topological way a thorough
qualitative classification of the possible states and management options
of a system with respect to the possibility of avoiding or leaving some
given undesired region by means of some given management options.
Our results indicate that the sustainable management of a system may
require discrete decisions such as choosing between ultimate safety and
permanent desirability, or between permanent safety and increasing fu-
ture options, etc.

DY 64: Annual General Meeting of the Dynamics and Statistical Physics Division
Jahresversammlung des Fachverbands Dynamik und Statistische Physik
Berichte
Wahlen - Sprecher und Stellvertreter
Verschiedenes

Time: Thursday 18:00–19:00 Location: BH-N 334
meeting

DY 65: Special Session in Honor of the 75th Birthday of Siegfried Hess: Non-equilibrium
dynamics of anisotropic fluids

Time: Friday 9:30–11:30 Location: BH-N 243

Invited Talk DY 65.1 Fri 9:30 BH-N 243
The ”shear-gradient concentration coupling instability”: non-
uniform flow of sheared hard-sphere glasses. — ∙Jan K.G.
Dhont — Forschungszentrum Juelich, Germany
There are several types of shear-induced instabilities in soft-matter
systems, like vorticity- and gradient-banding. The microscopic origin
of these two instabilities is by now well understood. There is, however,
an instability that can be referred to as *the Shear-gradient Concentra-
tion Coupling instability* (the SCC-instability) that has been largely
ignored since its phenomenological description a few decades ago. This
instability is due to a postulated shear-gradient induced mass flux to-
gether with a strong coupling of the stress to concentration. The ori-
gin of the shear-induced mass flux resulting from direct interactions is
so far not understood, and explicit expressions for the corresponding
transport coefficient have therefore not been derived. In this presen-
tation, the origin of this mass flux is discussed, an explicit expression
for the transport coefficient is presented, and numerical results are dis-
cussed for the stationary non-uniform flow profiles and concentration
profiles of an initially SCC-unstable system, which will be compared
to experiments on hard-sphere glasses.

Invited Talk DY 65.2 Fri 10:00 BH-N 243
Active anisotropic fluids — ∙Sriram Ramaswamy — TIFR Centre
for Interdisciplinary Sciences, Tata Institute of Fundamental Research,
Hyderabad 500 075 India

The study of nonequilibrium phenomena in anisotropic fluids has taken
interesting new directions recently thanks to the growing interest in the
collective self-propulsion. My talk will summarise new developments
from our group’s work on fluids of self-driven orientable particles, in
vibrated granular monolayers and active colloids.

Invited Talk DY 65.3 Fri 10:30 BH-N 243
Flow properties of anisotropic fluids — ∙Sebastian
Heidenreich1, Sabine H. L. Klapp2, and Markus Bär1

— 1Physikalisch Technische Bundesanstalt, Berlin, Germany —
2Technische Universität Berlin, Berlin, Germany
From liquid crystal polymers to suspensions of bacteria anisotropic
fluids are ubiquitous in nature and technology. The flow exhibits
intriguing phenomena like flow alignment, shear banding, tumbling,
shear thickening/thinning, large-scale correlation and mesoscale tur-
bulence. The emergence of such fascinating aspects is often related
to the anisotropy and to the out-of equilibrium character of the con-
sidered system. In the first part of our resentation we review selected
flow phenomena of passive fluids with anisotropy. We discuss the role
of the order parameter like the alignment tensor for the description of
the flow properties. In particular, we introduce the relaxation equation
for the alignment tensor coupled to the hydrodynamic flow and dis-
cuss the orientational dynamics in the shear flow. In the second part of
the talk we focus on active fluids like dense bacterial suspensions and
we introduce the governing hydrodynamic equations for self-sustained
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individuals that are swimming in a Newtonian fluid. We discuss the
relationship to the passive counterpart and finally present recent work
on mesoscale bacterial turbulence.

Invited Talk DY 65.4 Fri 11:00 BH-N 243

Concluding Remarks — ∙Siegfried Hess — Institut für Theo-
retische Physik, Technische Universität Berlin, Germany
_

DY 66: Focus Session: Aging in Physical and Biological Systems (joint session DY/ BP)
Physical aging is known from a number of complex systems such as spin glasses or materials like polymer
glasses, colloids and gels. On the other hand, biological aging refers to the increase in mortality and
the associated loss of functions with age that occurs (almost) universally across the kingdoms of life.
This focus session aims to confront these different manifestations of aging in order to identify possible
conceptual and methodological interrelations between two largely disjunct fields of research.(Organizers
J. Krug and H. Meyer-Ortmanns)

Time: Friday 9:30–12:00 Location: BH-N 334

Invited Talk DY 66.1 Fri 9:30 BH-N 334
Demographic perspectives on the evolution of senescence —
∙Annette Baudisch — University of Southern Denmark, Campusvej
55, 5230 Odense M
Senescence, the physiological decline that results in decreasing survival
and/or reproduction with age, remains one of the most perplexing top-
ics in biology. Most theories attempting to explain the evolution of
senescence (i.e. antagonistic pleiotropy, mutation accumulation, dis-
posable soma) were developed several decades ago. Confronted with
empirical patterns of survival and reproduction, predictions of the the-
ories do not hold. New theory is needed to shed light on the determi-
nants of patterns of birth and death. At this point it might be feasible
and instructive to broaden perspectives by cutting across disciplinary
boundaries and seek for a general theory of determinants of birth and
death patterns, i.e. life course trajectories, pertaining to animate or
inanimate objects on any scale of observation.

Invited Talk DY 66.2 Fri 10:00 BH-N 334
Biological mechanisms of aging — ∙Björn Schumacher —
CECAD Research Center, University of Cologne
The Biology of aging has long been a descriptive research discipline.
Only in the past 20 years mechanisms of aging have been uncovered
through research in genetic model systems. A number of distinct an
interconnected pathways that regulate longevity have been identified.
However, the complexity of the aging process remains a challenge to
modern aging research. Integration of quantitative data linking the
age-dependent accumulation of harmful damage to macromolecules -
particularly the genetic material- to the regulation of longevity assur-
ance pathways have begun to unravel a more integrated and complete
understanding the biological mechanisms of aging.

Invited Talk DY 66.3 Fri 10:30 BH-N 334
Aging in out-of-equilibrium systems: an overview — ∙Jean-
Philippe Bouchaud — Capital Fund Management, 75007 Paris,
France
Aging is a particular type of out-of-equilibrium dynamics that is ob-
served in a variety of systems, from glassy systems to atomic cooling
and blinking dots, etc. I will review several distinct mechanisms that
can lead to aging, discuss their theoretical underpinning and their ex-
perimental relevance.

Invited Talk DY 66.4 Fri 11:00 BH-N 334
Aging in coarsening systems with non-algebraic growth laws
— ∙Michel Pleimling — Virginia Tech, Blacksburg, VA, USA
Physical aging is generically encountered in systems far from equi-
librium that evolve with slow dynamics. Well known examples can
be found in structural glasses, spin glasses, magnetic systems, and
colloids. Recent years have seen major breakthroughs in our under-
standing of aging processes in non-disordered systems characterized by
an algebraic growth of the domains. Progress in understanding aging
in systems with more complicated growth laws has been much slower
though. After a brief introduction into the phenomenology of aging in
simple coarsening systems, I discuss in this talk non-equilibrium relax-
ation and aging processes in systems characterized by a non-algebraic
growth of the ordered domains. Disordered ferromagnets provide inter-
esting examples where the relaxation process is dominated by a slow

crossover from an algebraic-like regime at early times to the slower
asymptotic growth that prevails for large times. In order to study ag-
ing processes deep inside an anomalously slow growth regime we turn
to different versions of the ABC model where the biased exchanges of
particles of different types yield domains that only grow logarithmi-
cally with time.

This work is supported by the US Department of Energy through
grant DE-FG02-09ER46613.

DY 66.5 Fri 11:30 BH-N 334
Aging of Classical Oscillators during a Noise-Driven Migra-
tion of Oscillator Phases — ∙Hildegard Meyer-Ortmanns and
Florin Ionita — Jacobs University Bremen, 28759 Bremen
We consider classical nonlinear oscillators like rotators and Kuramoto
oscillators on hexagonal lattices of small or intermediate size. When
the coupling between the elements is repulsive and the bonds are frus-
trated, we observe coexisting states, each one with its own basin of at-
traction. For special lattices sizes the multiplicity of stationary states
gets extremely rich. When disorder is introduced into the system by
additive or multiplicative Gaussian noise, we observe a noise-driven
migration of oscillator phases in a rather rough potential landscape.
Upon this migration, a multitude of different escape times from one
metastable state to the next is generated. Based on these observa-
tions, it does not come as a surprise that the set of oscillators shows
physical aging. Physical aging is characterized by nonexponential re-
laxation after a perturbation, breaking of time-translation invariance,
and dynamical scaling. When our system of oscillators is quenched
from the regime of a unique fixed point toward the regime of multi-
stable limit-cycle solutions, the autocorrelation functions depend on
the waiting time after the quench, so that time translation invariance
is broken, and dynamical scaling is observed for a certain range of time
scales. It is an open question as to whether physical aging as we have
studied here, is also responsible for biological aging in these excitable
or oscillatory systems in biological realizations.

F. Ionita, H. Meyer-Ortmanns, Phys. Rev. Lett. 112, 094101
(2014).

DY 66.6 Fri 11:45 BH-N 334
Parametrization and interaction analysis of survival curves
— Ivan G. Szendro1, Rahul Marathe2, Yidong Shen3, Adam
Antebi3, and ∙Joachim Krug1 — 1Institute for Theoretical Physics,
University of Cologne, Germany — 2Department of Physics, IIT Delhi,
India — 3Max Planck Institute for Biology of Ageing, Cologne, Ger-
many
A key signature of biological aging is the increase of mortality with age.
Age-dependent mortality can be extracted from the survival curve,
which monitors the surviving fraction of a population of individuals as
a function of time. Experiments on longevity-related mutations and in-
terventions in model organisms typically focus on mean life span only,
thus neglecting much information contained in the shapes of survival
curves. Here we present an exploratory study aimed at parametrizing
experimental survival curves obtained for the nematode Caenorhabdi-
tis elegans. To this end, we fit survivorship data to models of varying
complexity, including the classical Gompertz law as well as models
based on reliability theory. We also analyze the multidimensional in-
teractions between different interventions and mutations, using a pub-
lished data set that contains all combinations of two interventions (di-
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etary restriction and temperature) and two genetic mutations (daf-2 and clk-1).

DY 67: Networks: From Topology to Dynamics (joint session DY/ BP/SOE)

Time: Friday 9:30–12:45 Location: BH-N 128

DY 67.1 Fri 9:30 BH-N 128
Networks: From Dynamics to Topology — ∙Jose Casadiego1,3

and Marc Timme1,2,3 — 1Network Dynamics, Max Planck Institute
for Dynamics and Self-Organization, 37077 Göttingen, Germany —
2Institute for Nonlinear Dynamics, Faculty of Physics, University of
Göttingen, 37077 Göttingen, Germany — 3IMPRS Physics of Bio-
logical and Complex Systems, Göttingen Graduate School for Neu-
rosciences, Biophysics and Molecular Biosciences, 37077 Göttingen,
Germany
How single units interact in a complex network fundamentally under-
lies its collective dynamics. Yet, identifying the physical structure
of interactions from recorded time series still poses a great challenge.
Up-to-date methods either require (i) a detailed pre-knowledge of the
units’ dynamical features, (ii) to externally drive the network or (iii)
the network dynamics to be at stable states, such as fixed points or
limit cycles. Here we develop a theory to reveal physical interactions of
networks that relies on recorded time series only. By decomposing the
dynamics of single units in terms of network interactions of different
orders (pairs, triplets, quadruplets,...), we pose network reconstruction
as an error minimization problem. We propose a greedy algorithm to
solve such minimization problems. Our approach is principally model
independent, ensuring its generality and applicability in different fields
and making it particularly suitable when structural connections are de-
sired, dynamical features are unknown and perturbing the network is
unfeasible. Thus, our approach may serve as a key stepping stone for
the expanding field of model-independent network reconstruction.

DY 67.2 Fri 9:45 BH-N 128
Revealing the Topology of Circulatory Networks in Nature
— ∙Mirko Lukovic1 and Erik Martens2,3 — 1Max Planck Insti-
tute for Dynamics and Self-Organization, Goettingen, Germany —
2Department of Biomedical Sciences, University of Copenhagen, Den-
mark — 3Department of Mathematical Sciences, University of Copen-
hagen, Denmark
Complex networks such as those used for communication, resource de-
livery and transportation are ubiquitous in nature and society. From
the internet and urban traffic, to the intimate networks of the circu-
latory systems in our bodies, understanding how their topology and
structure relate to their function and efficiency is an essential first step
in their management. Given the wide variety of existing transport net-
works with structures that range from being tree-like to cases where
there is an intricate arrangement of nested loops, our goal is to use
circulation times of the flow in order to infer global properties of the
underlying network structure. To this end we investigate circulatory
transport networks by modeling the flow as a stochastic process whose
first passage time properties we determine for a variety of different
network topologies. We also set up a framework in which different
branching rules of the flow can be tested and its effects on the first
passage times analyzed. Our results will help develop an effective and
non-invasive method for probing circulatory networks such as the hu-
man vascular system.

DY 67.3 Fri 10:00 BH-N 128
Symbolic Regression and Network Analysis for the predic-
tion of El Nino — ∙Markus Abel1, Markus Quade1, Rug-
gero Vasile1, Avi Goz2, Shlomo Havlin3, and Armin Bunde4

— 1Ambrosys GmbH, Albert-Einstein Str. 1-5 Potsdam, Germany —
2Department of Solar Energy & Environmental Physics, Ben-Gurion
University, Jerusalem, Israel — 3Department of Physics Bar-Ilan Uni-
versity Ramat-Gan 52900 Israel — 4Institute For Theoretical Physics,
University of Giessen, Germany
In the context of the modeling of dynamical systems, statistical anal-
ysis and data-based modeling is a hihgly promising method. We
use symbolic regression, in particular genetic programming and non-
paramtric regression to find effective models for the prediction of el
Nino events. The data used consist of a novel method to form a net-
work from the correlations of grid points in the El Nino basin. We
compare our results with existing methods. Depending on the method

used a predictive power of up to 100% is achieved, i.e. all events are
correctly predicted.

DY 67.4 Fri 10:15 BH-N 128
Model selection and hypothesis testing for large-scale net-
work models with overlapping groups — ∙Tiago P. Peixoto
— Institut für Theoretische Physik, Universität Bremen
The effort to understand network systems in increasing detail has re-
sulted in a diversity of methods designed to extract their large-scale
structure. Unfortunately, many of these methods yield diverging de-
scriptions of the same network, making both the comparison and un-
derstanding of their results a difficult challenge. A possible solution to
this outstanding issue is to shift the focus away from arbitrary meth-
ods, and move towards principled approaches based on statistical in-
ference of generative models. In this talk we consider the comparison
between a variety of generative models including features such as de-
gree correction, where nodes with arbitrary degrees can belong to the
same group, and community overlap, where nodes are allowed to be-
long to more than one group. Because such model variants possess an
increased number of parameters, they become prone to overfitting. We
present a method of model selection based on the minimum descrip-
tion length criterion and posterior odds ratios that is capable of fully
accounting for the increased degrees of freedom of the larger models,
and selects the best one according to the statistical evidence available
in the data. In applying this method to many empirical datasets from
different fields, we observe that community overlap is very often not
supported by statistical evidence, and is selected as a better model
only for a minority of them. On the other hand, we find that degree-
correction tends to be almost universally favored by the available data.

DY 67.5 Fri 10:30 BH-N 128
Breakdown of quantum transport in scale-free networks —
∙Nikolaj Kulvelis and Oliver Mülken — Uni-Freiburg, Deutsch-
land
We apply the model of continuous time quantum walks (CTQW) to a
subset of scale-free networks (SFN) containing solely trees. A quantity
characterising the global transport for large time scales is introduced
and, by means of estimating the dominant spectral degeneracy, calcu-
lated for given system size and branching strength. Taking the limit of
infinite system size a phase transition resembling breakdown of trans-
port is observed beyond a critical branching strength. All our analytic
calculations are supported by Monte Carlo simulations and discussed.

DY 67.6 Fri 10:45 BH-N 128
Two-dimensional unimodular Lattice Triangulations as small-
world and scale-free networks — ∙Benedikt Krüger, Ella
Schmidt, and Klaus Mecke — Institut für Theoretische Physik,
Staudtstr. 7, 91058 Erlangen
Triangulations are an important tool in physics for describing curved
geometries. Unimodular triangulations on 2d lattices can also be con-
sidered as connected, simple, and maximal planar graphs, which allows
the appliance of methods from graph theory on triangulations. We cal-
culate the scaling behaviour of the degree distribution, clustering coef-
ficient and the average shortest path length for random triangulations.
Introducing a simple measure for the order of a triangulation and in-
terpreting it as the energy of the triangulation we measure canonical
averages of these observables using Monte-Carlo-Simulations. We find
a crossover behaviour of all considered observables at small negative
temperatures and hints for small-world and scale-free behaviour in cer-
tain temperature ranges.

15 min. break

DY 67.7 Fri 11:15 BH-N 128
Nonlinear elasticity of athermal networks: a critical phe-
noemenon — ∙Abhinav Sharma1, Albert Licup1, Michael
Sheinman1, Karin Jansen2, Gijse Koenderink2, and Frederick
Mackintosh1 — 1VU, Amsterdam, Netherlands — 2AMOLF, Ams-
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terdam, Netherlands
Biopolymer networks exhibit highly interesting mechanical behavior.
An instructive model system is that of a network composed of rope-
like filaments–zero resistance to compression but finite resistance to
stretching. For networks with connectivity below Maxwell point,there
is no elastic modulus for small deformations. However,when networks
are subjected to an external strain, stiffness emerges spontaneously be-
yond a critical strain. We demonstrate that the spontaneous emergence
of elasticity is analogous to a continuous phase transition. The criti-
cal point is not fixed but depends on the geometry of the underlying
network.The elastic behavior near the critical point can be described
analogous to that of Magnetization in ferromagnetic material near the
curie temperature.Surprisingly, the critical exponents are independent
of the dimensionality and depend only on the average connectivity in
the network.By including bending interactions in the rope network, we
can capture the mechanical behavior of biologically relevant networks.
Bending rigidity acts as a coupling constant analogous to the exter-
nal magnetic field in a ferromagnetic system. We show that nonlinear
mechanics of collagen are successfully captured by our framework of
regarding nonlinear mechanics as a critical phenomenon.

DY 67.8 Fri 11:30 BH-N 128
Coarsening dynamics of transient networks in an experiment
with dipolar hard spheres — ∙Armin Koegel and Reinhard
Richter — Experimentalphysik 5, Universität Bayreuth, D-95440
Bayreuth, Germany
Permanent magnetic dipoles may self-assemble to linear chains and
rings, even without an externally applied magnetic field. This has
been investigated for nano-sized particles in ferrofluids; see e.g. [1,2]
However, in this system the emerging structures and their dynamics
are difficult to observe. Similar aggregates have also been observed in a
mixture of glass beads and magnetized steel spheres, which are shaken
in a vessel [3]. In the present contribution we focus on the formation
of transient networks in this system, when quenching the amplitude
of the vibrations [4]. We analyze the evolving networks by the number
of spheres in a network cluster, its gyration radius, and its average
shortest path length.

[1] P.G. De Gennes and A. Pincus, Phys. Kondens. Mater. 1, 189
(1970).

[2] T. A. Prokopieva, V. A. Danilov, S. S. Kantorovich, Ch. Holm,
Phys. Rev. E 80, 031404 (2009).

[3] D. L. Blair, A. Kudrolli, Phys. Rev. E 67, 021302 (2003).

[4] http://www.ep5.uni-bayreuth.de/de/research/Magnetic-Soft-
Matter/video/ferronetwork.html

DY 67.9 Fri 11:45 BH-N 128
Exclusion processes on networks — ∙Izaak Neri1,2, Norbert
Kern3, and Andrea Parmeggiani3 — 1Max Planck Institute for
the Physics of Complex Systems, Nöthnitzer Straße 38 01187 Dres-
den Germany — 2Max Planck Institute of Molecular Cell Biology
and Genetics, Pfotenhauerstr. 108 01307 Dresden — 3Laboratoire
Charles Coulomb UMR 5221 & CNRS, Universite Montpellier 2, F-
34095, Montpellier, France
We present a study of exclusion processes on complex networks, as
a paradigmatic model for transport subject to excluded volume in-
teractions. Building on the phenomenology of a single segment and

borrowing ideas from random networks we investigate the effect of
connectivity on transport. In particular, we argue that the presence of
disorder in the network crucially modifies the large scale transport fea-
tures: disorder induces strong density heterogeneities in the network
such that certain regions of the network are almost fully congested
while other regions allow for free flow of matter.

DY 67.10 Fri 12:00 BH-N 128
Synchronization-Desynchronization Transitions in Complex
Networks: An Interplay of Distributed Time Delay and In-
hibitory Nodes — ∙Carolin Wille1,2, Judith Lehnert1, and
Eckehard Schöll1 — 1Institut für Theoretische Physik, Technis-
che Universität Berlin, Hardenbergstr. 36, 10623 Berlin, Germany —
2Institut für Theoretische Physik, Freie Universität Berlin, Arnimallee
14, 14195 Berlin, Germany
We investigate the combined effects of distributed delay and the bal-
ance between excitatory and inhibitory nodes on the stability of syn-
chronous oscillations in a network of coupled Stuart–Landau oscilla-
tors. To this end a network model is proposed for which the stability
can be investigated analytically. It is found that beyond a critical in-
hibition ratio synchronization tends to be unstable. However, increas-
ing distributional widths can counteract this trend leading to multiple
resynchronization transitions at relatively high inhibition ratios. All
studies are performed on two distribution types, a uniform distribution
and a Gamma distribution.[1]

[1] C. Wille, J. Lehnert, and E. Schöll, Phys. Rev. E 90, 032908
(2014)

DY 67.11 Fri 12:15 BH-N 128
Efficient sampling of networks with high clustering —
∙Rico Fischer1, Jorge Leitao1, Tiago Peixoto2, and Eduardo
Altmann1 — 1Max-Planck-Institut für Physik komplexer Systeme —
2University of Bremen
The problem in network generation is to obtain networks which sat-
isfy specified properties but that are otherwise random. Traditional
Markov Chain Monte Carlo methods (like Metropolis-Hastings) can
be used in this problem but often fail in important cases, e.g., they do
not correctly sample random networks with high clustering coefficients
due to a rough >> landscape, which typically leads to abrupt phase
transitions, metastable states and hysteresis. In this talk we show
how an efficient sampling of high-clustering networks is obtained using
multicanonical Monte-Carlo methods. We characterize the efficiency
of this method, we use it to investigate the phase transition methods,
and we explore different applications.

DY 67.12 Fri 12:30 BH-N 128
Shape and scaling of spatially embedded transport networks
— ∙Robin de Regt and Christian von Ferber — Coventry Uni-
versity, UK
Real world transport networks are usually embedded in two- or three-
dimensional space. Here, we explore the shape and scaling properties
of these spatially embedded complex networks. The work presented
we focus on the interplay of spatial embedding and scaling statistics.
In particular, complex transport networks of public transport appear
to show that spatial and scaling properties within these networks are
closely correlated. To support our claim we have analysed a number of
public transport networks in a number of large scale conglomerations.
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DY 68: Glasses and Glass Transition (joint session CPP/ DF/ DY)

Time: Friday 9:30–11:15 Location: C 243

DY 68.1 Fri 9:30 C 243
Stable glasses from strong liquids — ∙Yeong Zen Chua1, Math-
ias Ahrenberg1, Michael Tylinski2, Mark D. Ediger2, and
Christoph Schick1 — 1Institute of Physics, University of Rostock,
Wismarsche Str. 43-45, 18051 Rostock, Germany — 2Department
of Chemistry, University of Wisconsin-Madison, Madison, Wisconsin
53706 USA
To date, only several materials have been observed to form ultra-stable
glasses by vapor deposition. Some authors have suggested that fragility
might be a controlling factor in the ability to form stable glasses by va-
por deposition, with highly stable glasses only being possible for highly
fragile liquids. Glasses of ethylcyclohexane, fragility index 56.5, and 1-
pentene, a very small molecule, produced by physical vapor deposition
have been characterized by in situ AC chip nanocalorimetry. Since
the fragility index of 1-pentene was not available, it was determined
as 52 from the calorimetric glass transition temperatures measured in
the frequency range from 0.2 Hz to 4 kHz. Ethylcyclohexane and 1-
pentene are both strong glass formers, for which possibility of stable
glass formation has been questioned. On the contrary, we observed
formation of highly stable glasses of ethylcyclohexane and 1-pentene.
The results on ethylcyclohexane and 1-pentene will be presented and
compared with literature data of other known glass formers.

DY 68.2 Fri 9:45 C 243
Broadband dielectric spectroscopy of ionic liquids — ∙Pit
Sippel1, Michael Aumüller1, Stephan Krohns1,2, Peter
Lunkenheimer1, and Alois Loidl1,2 — 1Experimental Physics V,
University of Augsburg, Germany — 2Institute for Materials Resource
Management, University of Augsburg, Germany
Due to their high potential for applications, e.g., in energy-storage de-
vices such as supercapacitors or batteries, during recent years ionic
liquids have come into the focus of research [1]. Ionic liquids are com-
posed of organic cations and weakly coordinating anions. An essen-
tial method for the study of ionic transport is dielectric spectroscopy.
Our results on a large variety of ionic liquids cover a broad frequency
and temperature range. This allows obtaining valuable information
on phenomena like dc charge transport, the glass transition, electrode
polarization, and relaxation. We analyze the dielectric spectra us-
ing an equivalent-circuit approach [2]. Amongst others, this enables
the deduction of the relaxation times of the involved dynamic pro-
cesses. We conclude that the main reorientational relaxation process
of these ionic liquids, the 𝛼 relaxation, is closely linked to the dc-
conductivity. This provides insight into the underlying conductivity
mechanisms and, thus, the mobility of the ionic charge carriers. More-
over, a number of secondary relaxation processes is found, including
hints at the presence of a Johari-Goldstein relaxation process [3].
[1] M. Armand et al., Nat. Mat. 8, 621 (2009). [2] S. Emmert et al.,
Eur. Phy. J. B 83, 157 (2011). [3] G.P. Johari and M. Goldstein, J.
Chem. Phys. 53, 2372 (1970).

DY 68.3 Fri 10:00 C 243
Dielectric spectroscopy on glycerol and water confined in
metal-organic frameworks — ∙Jonas Fischer1, Pit Sippel1, Pe-
ter Lunkenheimer1, Dmytro Denysenko2, Dirk Volkmer2, and
Alois Loidl1 — 1Experimental Physics V, University of Augsburg,
Germany — 2Chair of Solid State and Material Chemistry, University
of Augsburg, Germany
Approaching the glass transition, the slowing down of molecular dy-
namics generally proceeds much stronger than expected for thermally
activated motions. This can be ascribed to a temperature-dependent
activation energy arising from the cooperative motion of increasing
numbers of molecules at low temperatures [1]. The number of corre-
lated molecules can be controlled by confining the glass-forming liquid
in small pores. Previously, glass formers have been confined in porous
glasses, zeolites and other silicates [2]. Recently, metal-organic frame-
works (MOFs) have become available. This class of porous coordina-
tion polymers consists of metal-containing units and organic linkers.
MOFs are tunable in many regards [3], thus allowing confinement in
pores of different inner surfaces and varying sizes. Here, we present
broadband dielectric spectroscopy data of glycerol and water confined
in different MOFs, of the MFU-type [4]. It is shown that MOFs are
well-suited for the measurement of confined liquids.

[1] T. Bauer et al., Phys. Rev. Lett. 111, 225702 (2013).
[2] A. Huwe et al., Phys. Rev. Lett. 82, 2338-2341 (1999).
[3] H. Furukawa et al., Science 341, 1230444 (2013).
[4] D. Denysenko et al., Chem Commun. 48, 1236 (2012).

DY 68.4 Fri 10:15 C 243
Dynamics of the glass transition in confined glycerol un-
der hard and soft confinement, investigated by 2H NMR —
∙Michael Lannert, Matthias Sattig, Thomas Blochowicz, and
Michael Vogel — Hochschulstraße 6-8, 64289 Darmstadt, Germany
2H NMR allows us to access correlation times of molecular rotational
dynamics, ranging from 𝜏=10−12s to 𝜏=10−1s, by using longitudinal
relaxation, solid echo, and stimulated echo sequences. Findings for
confined glycerol, which is subjected to spherical soft confinement (us-
ing AOT/toluene micro-emulsions) and cylindrical hard confinement
(using microporous silica, namely MCM-41) are compared, and a shift
in correlation times to shorter times is observed for the hard confine-
ment, but not for the soft confinement. Various diameters (2nm to
9nm) were used in order to gain a comprehensive understanding of
the finite size effect. Investigation of the dynamics of the glycerol in
the supercooled regime proved to be a challenging enterprise in soft
confinement, because of the onset of rotational diffusion of the whole
microemulsion droplet, which exceeds the contribution of molecular
rotational dynamics. Therefore droplet size-dependence and viscosity-
dependence of the dynamics where investigated additionally, in order
to evaluate the impact of these results.

DY 68.5 Fri 10:30 C 243
Structure and Dynamics of Asymmetric Poly(styrene-b-1,4-
isoprene) Diblock Copolymer under 1D and 2D Nanocon-
finement — ∙Wycliffe K. Kipnusu1, Mahdy M. Elmahdy1,
Emmanuel U. Mapesa1, Jiangi Zhang2, Detlef-M. Smilgies3,
Christine M. Papadakis4, and Friedrich Kremer1 — 1Institute
of Experimental physics I, Linnstr.5, 04103, Leipzig — 2National Cen-
ter for Nanoscience and Technology (NCNST), No.11 ZhongGuanCun
BeiYiTiao, 100190 Beijing, P.R. China. — 3Cornell High Energy
Synchrotron Source (CHESS), Wilson Laboratory, Cornell University,
Ithaca, NY 14853, USA — 4Technische Universität Müunchen, Physik-
Department, Physik weicher Materie, James-Franck-Straße 1, 85748
Garching, Germany.
The impact of 1-and 2-dimensional (2D) confinement on the structure
and dynamics of poly(styrene-b-1,4–isoprene) P(S-b-I) diblock copoly-
mer is investigated by a combination of Grazing–Incidence Small–
Angle X–ray Scattering (GISAXS), Atomic Force Microscopy (AFM)
and Broadband Dielectric Spectroscopy (BDS). 1D confinement is
achieved by spin coating the P(S-b-I) to form nanometric thin films on
silicon substrates, while in the 2D confinement, the copolymer is in-
filtrated into cylindrical anodized aluminum oxide (AAO) nanopores.
GISAXS and AFM reveal hexagonally packed cylinders of PS in a PI
matrix.The dynamic glass transition of the styrene and isoprene blocks
is independent of the dimensionality and the finite sizes (down to 18
nm) of confinement but the normal mode is influenced by both factors
with 2D geometrical constraints exerting greater impact.

DY 68.6 Fri 10:45 C 243
High frequency laser heated AC-chip calorimeter for dy-
namic glass transition investigation in room tempera-
ture ionic liquids — ∙Evgeni Shoifet1,2,3,4, Heiko Huth1,
Sergey Verevkin2,4, Christoph Schick1,4, and Egon Hassel3 —
1Institute of Physics, University of Rostock, 18057 Rostock, Germany
— 2Institute of Physical Chemistry, University of Rostock, 18059 Ros-
tock, Germany — 3Department of Technical Thermodynamics, Faculty
of Mechanical Engineering and Marine Technology, Rostock, 18051 Ro-
stock, Germany — 4Faculty of Interdisciplinary Research, Department
”Life, Light and Matter”, University of Rostock, Germany
Many ionic liquids are good glass formers. Nevertheless, for the re-
laxation behavior only a few studies of the dynamic glass transition in
ionic liquids are available so far. Particularly the frequency dependence
of the dynamic glass transition (𝛼-relaxation) is not known for most
ionic liquids. The standard technique for such studies - dielectric spec-
troscopy - is not easily applicable to ionic liquids because of the high
electrical conductivity. In addition, dielectric spectroscopy is equally
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sensitive to the segmental relaxation (𝛼-relaxation) and secondary re-
laxation but calorimetry is sensitive solely to segmental relaxation.

We try to use calorimetric techniques to obtain complex heat capac-
ity and to investigate the dynamic glass transition of room tempera-
ture ionic liquids (RTILs) in a wide frequency range. This can give an
insight in cooperative motions of ions and ion clusters in RTILs. Par-
ticularly the influence of alkyl chain length on the 𝛼-relaxation in the
frequency range from 1 mHz to 0.1 MHz [Shoifet. E. et. al. (2013)].

DY 68.7 Fri 11:00 C 243
Dynamic glass transition measurements on nm-thin films of
Indomethacin using AC chip-nanocalorimetry — ∙Mathias
Ahrenberg, Christoph Schick, and Gunnar Schulz — Institut
für Physik, Universität Rostock
We are using AC chip nano-calorimetry for the in-situ investigation of

the dynamic glass transition of vapor-deposited thin films of toluene
and indomethacin of thicknesses between several hundred nm down to
ten nm. With these experiments on low molecular mass substances
we complement our data on similar thin polymer films. Firstly, the
deposition-related thermodynamic state (stable glass) of each film is
erased by transforming them into ordinary glasses. Secondly, upon re-
heating the thin ordinary glass films a direct comparison of the subse-
quently measured frequency-dependent dynamic glass transition tem-
peratures becomes possible. The frequency of temperature modulation
can be varied from 1 Hz up to about 1000 Hz. Film thicknesses for
indomethacin are measured ex-situ with an atomic force microscope
directly on the membrane of the chip-sensors. Similar to the thin
polymer films no thickness dependence of the dynamic glass transition
temperature (main relaxation) is seen. The results are in agreement
with the explanation given by Cangialosi et al.

DY 69: Complex Fluids and Soft Matter (joint session BP/DY/CPP)

Time: Friday 9:30–12:15 Location: H 1058

DY 69.1 Fri 9:30 H 1058
Anisotropic Diffusion of Macromolecules in the Contiguous
Nucleocytoplasmic Fluid during Eukaryotic Cell Division —
Nisha Pawar, Claudia Donth, and ∙Matthias Weiss — Experi-
mental Physics I, University of Bayreuth, Bayreuth, Germany
Protein diffusion in intracellular fluids is a crucial determinant of many
vital biochemical pathways. Frequently an anomalous diffusion of
macromolecules in the cytoplasm and nucleoplasm of eukaryotic cells
has been reported, and associated changes in biochemical reactions
have been discussed in some detail. Here we show that the contiguous
nucleo-cytoplasmic fluid in dividing cells features an anisotropically
varying diffusion of macromolecules [1]. In metaphase, diffusion in
the contiguous nucleo-cytoplasmic fluid appears less anomalous along
the spindle axis as compared to perpendicular directions. As a conse-
quence, the long-time diffusion of macromolecules preferentially points
along the spindle axis, leading to a prolonged residence of macro-
molecules in the spindle region. An anisotropic diffusion may support
the dynamic formation of a spindle matrix which guides later steps in
mitosis.

[1] N. Pawar, C. Donth, and M. Weiss, Curr. Biol. 24, 1905 (2014).

DY 69.2 Fri 9:45 H 1058
Optical Shaking of Single Cells — ∙Carla Zensen1,3, Isis E.
Fernandez2,3, Oliver Eickelberg2,3, Theobald Lohmüller1,3,
and Jochen Feldmann1,3 — 1Chair for Photonics and Optoelectron-
ics, Physics Department and CeNS, Ludwig-Maximilians-Universität,
Munich, Germany — 2Comprehensive Pneumology Center, Institute
of Lung Biology and Disease, Ludwig-Maximilians-Universität and
Helmholtz Zentrum, Munich, Germany — 3Nanosystems Initiative
Munich (NIM), Schellingstr. 4, Munich, Germany
We report on a new strategy to dynamically manipulate single cells by
exposing them to an applied optical force field which varies periodi-
cally in time and space. The mechanical transient response of the cell is
monitored both by optical imaging and by a microfluidic detector bead
[1] positioned in the cell vicinity. These optical ’shaking’ experiments
give insight into the mechanobiological properties of single cells.

A predefined array of NIR laser beams is spatially varied with a peri-
odic dynamics in order to optically ’shake’ single cells. A detector bead,
which is optically trapped with an independent laser beam, is used to
simultaneously map the resulting microfluidic flow. We demonstrate a
first application of this novel technique by resolving mechanobiological
differences in the hypotonic state of individual human erythrocytes.
By analyzing the Fourier spectra of cell and detector bead movements,
we show that tracking a single detector particle is sufficient to distin-
guish between soft and hard cells.

[1] A. Ohlinger, A. Deak, A.A. Lutich, and J. Feldmann, Phys. Rev.
Lett. 108, 018101 (2012)

DY 69.3 Fri 10:00 H 1058
In vivo mechanics measurements using ferrofluid droplets —
∙Friedhelm Serwane, Alessandro Mongera, Payam Rowgha-
nian, David Kealhofer, and Otger Campàs — Department of Me-
chanical Engineering, University of California, Santa Barbara, USA
The development of living tissues and organs depends on cell behav-

ior strongly influenced by the mechanics of their microenvironment.
A prime example is the ability of a tumor to spread which has been
linked directly to the elasticity of the surrounding matrix.

This interplay between mechanical inputs and biological responses
has remained poorly understood, mainly due to a lack of techniques
to measure mechanical properties while characterizing the molecular
signals in vivo.

Here we present a technique to measure the mechanics of cellular mi-
croenvironment within living tissues and organs. We use ferrofluid oil
droplets as mechanical actuators. Once injected in developing zebrafish
embryos, we obtain the mechanical properties by tracking the dynam-
ical response of the droplet when actuated by an external magnetic
field. In particular, this technique allows us to measure the changes in
mechanical properties underlying zebrafish gastrulation.

This technique opens the door to experiments which uniquely relate
biological signals to the underlying mechanical properties.

DY 69.4 Fri 10:15 H 1058
Biomolecule dynamics in microfluidic pH gradients and pre-
biotic FeS membranes — ∙Friederike M. Möller1, Dominic
Berchtold1, Franziska Kriegel1, Laura Barge2, Michael
Russell2, and Dieter Braun1 — 1Systems Biophysics, LMU
München, Germany — 2Jet Propulsion Laboratory, Pasadena, USA
What are possible driving forces to reduce local entropy in early evolu-
tion? Early earth creates a marked redox potential of >600mV between
the CO2-dominated atmosphere, creating an ocean around pH 6 and
the alkaline outflow of geological serpentinization reactions at pH 10.
A rocky FeS membrane forms upon contact from the sulfuric S– and
the Fe++ ions. Its equilibrium version was studied by Huber and
Wächtershäuser to form the first organic molecules starting from CO.
The FeS clusters created in the membrane are central parts in ancient
electron-transfer proteins.

What are the physical characteristics of this membrane? In a
microfluidic replica, the pH gradient leaks through the membrane.
However, we find yet unexplained attractive forces: hydrophobic and
charged molecules are strongly attracted towards the membrane center.
As reference system, we create pH gradients in water by uncaging of
OH- or H+ ions. The phoretic motions and pH gradients are measured
by fluorescence. The rich non-equilibrium dynamics are explained with
finite element modeling. They offer a microscopic view back in time
into the geological setting of early Earth.

DY 69.5 Fri 10:30 H 1058
Dynamics of biological membrane mimics - A combined
QENS and MD simulation study — ∙Lisa Lautner1, Mar-
tin Schmiele1, Sebastian Busch2, Michaela Zamponi3, and To-
bias Unruh1 — 1Chair for Crystallography and Structural Physics,
FAU Erlangen-Nuremberg, Germany — 2University of Oxford, United
Kingdom — 3Heinz Maier-Leibnitz Zentrum, Garching
Phospholipids are of high interest in the fields of biology and bio-
physics. As a main component of biological cell membranes the lipids
are involved in lipid-lipid and lipid-protein interactions and therefore
essential in a variety of cell functions. Many of these processes, e.g.
binding to or transport through the membrane, are coupled to their
structure and dynamics. Quasielastic Neutron Scattering (QENS) ex-
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periments and state-of-the-art Molecular Dynamics (MD) simulations
yield a complementary view on these processes, with high spatial as
well as temporal resolution.
A combination of QENS experiments and MD simulations was used to
obtain a detailed understanding of the dynamics of biomimetic POPC
(1-palmitoyl-2-oleoyl-sn-glycero-3-phosphocholine) bilayers in the liq-
uid crystalline (L(𝛼)) phase. Special emphasis was thereby the study
of the temperature dependent behaviour of the phospholipid dynamics.
The results of both the QENS experiments and the MD simulations
coincide nicely and confirm the benefit of the combination of these
complementary methods. These results provide a basis for extended
studies on more complex systems e. g. lipid mixtures and lipid-protein
interactions. First results of such experiments will be presented as well.

15 min break

DY 69.6 Fri 11:00 H 1058
Bridging the scales: How is the large-scale deformation of a
cellular network related to cell-scale processes? — ∙Matthias
Merkel1, Raphael Etournay2, Suzanne Eaton2, and Frank
Jülicher1 — 1MPI for the Physics of Complex Systems, Dresden
— 2MPI of Molecular Cell Biology and Genetics, Dresden
We propose a method to study the deformation of two-dimensional
cellular networks. To this end, we focus on biological tissues, which
typically undergo large-scale deformations during the development of
an organism. However, how these large-scale deformations correspond
to the collective behaviour of individual cells is not fully understood
yet. Today, experimentalists are able to image tissues with up to 10
000 cells at sub-cellular spatial resolution and at a time resolution of
minutes. Nevertheless, there is still a lack of methods allowing us to
exploit the full depth of this huge amount of information.

Here, we propose a geometrical framework that exactly decomposes
large-scale deformations into contributions by different kinds of cellu-
lar processes, which comprise cell shape changes, cell rearrangements
(T1 transitions), cell divisions, and cell extrusions (T2 transitions). As
the key idea, we introduce a tiling of the cellular network into trian-
gles. This allows us to define the precise contribution of each of kind
of cellular process to large-scale deformation. Additionally, our rigor-
ous approach reveals subtle effects of correlated cellular motion, which
constitute a novel source of large-scale tissue deformation. Finally,
we demonstrate our new method on the wing of the fruit fly, which
undergoes large-scale deformations during development.

DY 69.7 Fri 11:15 H 1058
Bridging from ionic to non-ionic thermophoresis — ∙Manuel
Wolff, Michael Nash, and Dieter Braun — Center for
Nanoscience, LMU, Munich, Germany
Thermal gradients drive molecules in solutions, an effect termed ther-
mophoresis. Interest in aqueous thermophoresis was recently triggered
by its widespread application in biomolecule affinity analysis using
infrared-illuminated capillaries.

Theoretical models are debated, not least due to the fact that
molecules in water seem to behave significantly different in non-
aqueous fluids. By designing fluorescently labeled polymers that are
either completely uncharged or whose charge can be tuned by a change
in pH, we find that the temperature dependence of ionic and non-ionic
polymers is very distinct. Building upon previous models, we find
that increasing thermophoresis for rising temperature, often fitted by
a heuristic formula proposed by Piazza and attributed to hydrophobic
effects, can be fully explained by the Seebeck effect: the temperature
dependence of ionic thermophoresis is dominated by the temperature
dependent thermophoresis of the small ions in solution. While this de-
pendence is not yet fully known for H+ and OH−, the thermophoresis
of peptide nucleic acid (PNA) with its pH dependent charge is de-
scribed well across a wide range of pH with reasonable assumptions.
These findings offer a new bridge from aqueous thermophoresis to non-
aqueous solutions.

DY 69.8 Fri 11:30 H 1058

How to regulate droplet position in a heterogeneous chemi-
cal environment? — ∙Samuel Krüger1,2, Christoph Weber1,
Jens-Uwe Sommer2,3, and Frank Jülicher1 — 1Max Planck Insti-
tute for the Physics of Complex Systems, Dresden — 2Leibniz Institute
of Polymer Research Dresden e.V., Dresden — 3Technische Universität
Dresden, Institute of Theoretical Physics, Dresden, Germany
P granules are droplet-like structures consisting of RNA and proteins.
They occur in Caenorhabditis elegans embryo and are known to deter-
mine its germ lineage. Interestingly, P granules are segregated to one
side of the cell. There is evidence that the droplet position is regulated
by a spatially inhomogeneous protein called Mex-5. Here we propose
a model that simplifies the multicomponent nature of the cytoplasm
as a ternary mixture: The P granule material, the background fluid,
and a regulator mimicking Mex-5. Using our model we aim to under-
stand the physical principles controlling the droplet position. To this
end we consider lattice-based Monte Carlo simulations for a ternary
mixture, where the microscopic interactions between the components
are captured by three Flory-Huggins parameters. Considering a linear
regulator gradient we observe two stationary states. Droplets localise
in regions of lowest regulator concentration if the regulator exhibits a
high affinity to the solvent, and vice versa. We present evidence that
the transition between the localisation at highest and lowest regulator
concentration can be regarded as a phase transition. Beyond biology,
understanding how the droplet positions can be regulated offers the
possibility to design switchable units for chemical computing.

DY 69.9 Fri 11:45 H 1058
Mechanical regulation of vein morphogenesis in plant leaves
— ∙Jonathan E. Dawson1, Franck A. Dintengou2, Irina
Kneuper2, William Teale2, Klaus Palme2, and Eleni Katifori1

— 1Max Planck Institute for Dynamics and Self-Organization, Göt-
tingen, Germany — 2Insitute of Bioloy II, Albert-Ludwigs-Universität
Freiburg, Freiburg, Germany
Development of leaf veins is a highly dynamic and regulated process.
However, mechanisms that regulate the formation of veins and vascu-
lar architecture are largely unknown. In a growing leaf, in addition
to genetic regulation, cell mechanics must also play an important role
in forming veins. To what extent cell mechanics and the interplay be-
tween mechanics and biochemistry plays a role in vascular patterning
is not well understood. Using a cell based model in which cells are
polygons, here we describe the vascular development in early stages of
growing leaf primordia. We investigate the formation of leaf primary
vein by simulating tissue growth driven by inter-cellular diffusion of
the plant hormone auxin, from auxin synthesizing cells. We show that
dynamic modulation of the cell mechanical properties based on cell
auxin concentration can reproduce realistic primary vein as observed
in growing leaf primordia. We further tested our model by comparing
with experiments in which auxin transport in affected.

DY 69.10 Fri 12:00 H 1058
Osmolyte effects: Impact on the aqueous solution around
charged and neutral spheres — ∙Jens Smiatek — Institut
für Computerphysik, Universität Stuttgart, Allmandring 3, 70569
Stuttgart, Germany
We have performed atomistic molecular dynamics simulations to study
the solvation characteristics of model spheres for low concentrations of
urea and hydroxyectoine in aqueous solution. The spheres are either
positively or negatively charged with a valency of one or charge neutral.
Our results illustrate that the presence of osmolytes influences the sol-
vation properties of the spheres significantly. We have conducted a de-
tailed investigation of water properties like the mean dipolar relaxation
times, water orientation parameters around the spheres, dielectric con-
stants, preferential binding behavior, water self-diffusion coefficients,
and free energies of solvation by thermodynamic integration to study
the influence of osmolytes in detail. Our findings indicate that several
factors like the charge of the spheres as well as the characteristics of
the osmolytes significantly influence the thermodynamic and dynamic
properties of the local water shell and the solvation process with regard
to varying enthalpic and entropic contributions.
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DY 70: Microswimmers, Active Liquids - Part III (joint session CPP/ BP/ DY)

Time: Friday 9:30–11:30 Location: C 264

Invited Talk DY 70.1 Fri 9:30 C 264
From chemical nanomotors to biological microswimmers —
∙Peer Fischer — Max-Planck-Institut für Intelligente Systeme,
Heisenbergstr. 3, 70569 Stuttgart — Institut für Physikalische Chemie,
Universität Stuttgart, Pfaffenwaldring 55, 70569 Stuttgart
Building, powering, and operating structures that can navigate com-
plex fluidic environments at the sub-mm scale is challenging. Moving
through fluid environments at the scale of micro-organisms for instance
presents a different set of challenges compared to those encountered
by macroscopic swimmers. Artificial means of realizing motion in mi-
croparticles often makes use of local gradients that are established
across the colloid, resulting in slip velocities at the particle surface,
which in turn drives the motion. In its simplest form this can be re-
alized with Janus-like colloids. I describe what, to the best of my
knowledge, are the smallest synthetic chemical nanomotors that have
been made and show that their active motion can be tracked with light
scattering. Moving from enhanced diffusion to propulsion, I present re-
cent results where colloidal nanopropellers can be moved in water by
external magnetic fields similar to a bacterial flagellum and show how
the motion of these structures can benefit from the complex rheol-
ogy in biological media. Although strong Brownian forces dominate in
water we achieve controlled propulsion in biological gels, which paves
the way for applications inside biological media and the extracellular
matrix. Finally, I present an example of a microscallop that does not
move in water, but that swims in non-Newtonian liquids.

DY 70.2 Fri 10:00 C 264
Optothermal Manipulation of Plasmonic Nanoparticles
in Viscous Solvents — ∙Felix Winterer1,2, Christoph
Maier1,2, Theobald Lohmüller1,2, and Jochen Feldmann1,2

— 1Photonics and Optoelectronics Group, Ludwig-Maximilians-
Universität München, Munich, Germany — 2Nanosystems Initiative
Munich (NIM), Munich, Germany
We present an all-optical approach to move and manipulate single
plasmonic nanoparticles with high accuracy in viscous solvents.

Gold nanoparticles are subject to optical forces and heat genera-
tion upon irradiation with a focussed laser beam. Tuning the laser
wavelength with respect to the plasmon resonance frequency allows
for switching between repulsive and attractive optical forces, which
renders it possible to trap or push individual nanoparticles in two and
three dimensions. At the same time, laser light can induce heat in the
surrounding medium.

We explore how both effects can be employed to control nanoparti-
cle movement by a combination of thermal gradients and optical forces
and discuss further applications of this approach for nanolithography
and nanoscale physics.

DY 70.3 Fri 10:15 C 264
Dynamics of a carpet of self-propelled surfactant particles
covering a liquid film — Andrey Pototsky1, ∙Uwe Thiele2, and
Holger Stark3 — 1Department of Mathematics, Swinburne Univer-
sity of Technology, Hawthorn, Victoria, 3122, Australia — 2Institut
für Theoretische Physik, Westfälische Wilhelms-Universität Münster,
48149 Münster, Germany — 3Institut für Theoretische Physik, Tech-
nische Universität Berlin, 10623, Berlin, Germany
We consider a carpet of self-propelled surface-active particles that
move along the liquid-gas interface of a liquid film on a solid substrate
and whose swimming direction changes in time due to rotational diffu-
sion. We study the intricate influence of these self-propelled insoluble
surfactants on the stability of the film surface and show that depend-
ing on the strength of in-surface rotational diffusion and the absolute
value of the in-surface velocity several instability modes can occur [1].
In particular, the rotational diffusion can have a stabilizing or desta-
bilizing influence and may even suppress the instability entirely. In
the limit of purely upwards swimming we recover the destabilisation
described in the literature [2]. The results of the linear analysis are
confirmed by fully nonlinear simulations of the complete continuum
model and as well through a hybrid discrete self-propelled surfactant
particles - continuous film model. [1] A. Pototsky, U. Thiele and H.
Stark, Phys. Rev. E 90, 030401(R) (2014). [2] S. Alonso and A.S.
Mikhailov, Phys. Rev. E 79, 061906 (2009).

DY 70.4 Fri 10:30 C 264
Tangled Flagella: Importance in Bacterial Propulsion —
∙Tapan Chandra Adhyapak and Holger Stark — Institut für The-
oretische Physik, Technische Universität Berlin, D - 10623 Berlin
It has been well established that hydrodynamic interactions between
flagella of peritrichous bacteria such as E. coli, leads to synchroniza-
tion of rotation and bundling of those flagella [1,2]. Flagella are ro-
tated at their bases by rotary motors embedded in the cell body. In re-
sponse, the cell body has to rotate in the opposite sense such that total
torque acting on the bacterium is zero. Often, such cell rotation causes
flagella to tangle before they are synchronized completely. We show
that tangling has a profound effect on the overall synchronization and
bundling dynamics. In particular, we observe abrupt synchronization
and bundling on time scales much shorter than those required when the
cell movement is switched off to avoid entanglement. Although hydro-
dynamic interactions still play an important role, through a compar-
ative investigation we conclude that flagellar entanglement generated
by cell rotation predominantly affects the total time to synchronize
and bundle. Cell movement modifies stationary bundling states too.
Specifically, the length over which a bundle is closely pact varies over
time, having an oscillatory behavior whose amplitude decreases with
increasing number of flagella. At the end we discuss how strongly all
these findings affect the overall propulsion of the bacterium.
[1] M. Reichert and H. Stark, Eur. Phys. J. E 17, 493 (2005).
[2] S.Y. Reigh, R.G. Winkler, and G. Gompper, Soft Matter 8, 4363
(2012).

DY 70.5 Fri 10:45 C 264
Reorientation of passive Janus type swimmer in an external
temperature profile — ∙Andreas Bregulla and Frank Cichos
— University of Leipzig, department for experimental physics, leipzig,
germany
Swimming on the micrometer length scale is dominated by omnipresent
Brownian fluctuations and overwhelming viscous forces. Self-phoretic
swimmers are an example how to overcome those limitations. Most of
those particles are driven by phoretic surface flows generated by sur-
face gradients. In the last decade many different phoretic swimming
mechanisms have been proposed. When such self-propelled objects are
starting to interact at higher densities, coherent collective motions are
observed in which the swimmers align and form flocks, swarms or other
complicated patterns. About the origin and details of these complex
interactions only little is known. The lack of understanding is mostly
due to the lack of control of such particles. Here we want to present a
method which extends the existing photon nudging algorithm to gather
and collect a specific number of particles and study their interactions.
The interactions themselves can be mediated through many different
aspects like charges, flow fields or through external profiles created by
each active swimmer. The last mentioned interaction will be discussed
in detail. An immobile gold colloid acts as an external heat source and
mimics the temperature profile that an active swimmer would create
in its surrounding. The motion of a passive Janus particle in this tem-
perature field is investigated and the relative motion and alignment
with respect to the heat source is quantified.

DY 70.6 Fri 11:00 C 264
Thermophoretic Trapping of Single and Multiple Nano-
Objects by Actively Controlled Temperature Fields —
∙Marco Braun and Frank Cichos — Molecular Nanophoton-
ics, Fakultät für Physik und Geowissenschaften, Universität Leipzig,
Deutschland
The understanding of nano-scale soft-matter science benefited enor-
mously from the ability to study single molecules, such as DNA or pro-
teins. In solution Brownian motion lets a molecule disappear quickly
from the observation volume, which is why it is typically immobilized
in a polymer matrix or by chemical interactions, generally accepted
due to a lack of alternatives. However, this strongly changes the local
physical and chemical properties. Here, we present an all-optical tech-
nique to trap single nano-objects in solution which exploits highly lo-
calized temperature fields. The so-called thermophoretic trap exploits
thermophoretic interactions of a particle with a temperature gradient,
which e.g. locally distorts the screening of the surface charges and
by that induces a drift of the particle. In our approach the tempera-
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ture field is generated by an optically heated gold nano-structure. Due
to the small dimensions of the heat sources, even a small tempera-
ture increase introduces large temperature gradients causing a strong
thermophoretic drift by which the motion of a Brownian particle can
be manipulated. In our experiment an appropriate gold structure is
heated locally by a focused laser beam with feedback to the Brownian
particles position. The real-time control of the laser beam thereby al-
lows for arbitrary effective trapping potentials for single and multiple
particles.

DY 70.7 Fri 11:15 C 264
Low-tech, high-throughput tracking of bacteria in 3D —
∙Katja Taute, Sander Tans, and Tom Shimizu — FOM Institute
AMOLF, Science Park 102, Amsterdam 1098XG, The Netherlands
Many bacteria swim in liquids and execute complex motility patterns.
The increasingly recognized diversity of motility strategies has sparked
a growing interest in their characterization via 3D tracking. The only
3D tracking techniques thus far to have passed the benchmark of re-

solving the model bacterium E. coli’s run-tumble motility suffer from
being limited to single individuals [1]; and/or are technically challeng-
ing and require specialized experimental setups [1,2,3].

Here we present a broadly applicable high-throughput 3D bacte-
rial tracking technique which requires only a standard biological phase
contrast microscope. We exploit the relationship between an object’s
distance to the focal plane (z) and the observed intensity pattern, and
assign z positions by maximizing image cross-correlations to a reference
stack. We achieve micron-scale resolution in z, <0.5 𝜇m resolution in
x and y, a range of ~350x300x200 𝜇m (x,y,z), a throughput of tens of
bacteria, and a temporal resolution that is only limited by the detector
readout rate. We demonstrate the application of this technique to a
range of bacterial species, verify that we recover previously observed
motility patterns, and reveal that bacterial individuality, rather than
stochasticity, underlies the broad population distribution observed for
a key motility parameter of V. alginolyticus.

[1] Berg & Brown, Nature 239:500, 1972. [2] Vater et al., PLoS ONE
9:e87765, 2014. [3] Molaei et al., PRL 113:068103, 2014.
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