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Schedule
Sunday
09.00-09.15

Monday
Plenary talk 09.00-09.45

IP1: Inferring network connectivity from
multineuron spike data
John Hertz

09.15-09.30
09.30-09.45
09.45-10.00

Plenary talk 09.45-10.30

IP2: How thunderstorms generate antimatter:
a conspiracy of nonlinear mechanisms

10.00-10.15
10.15-10.30

Ute Ebert

10.30-10.45
10.45-11.00

Tuesday
Plenary talk 09.00-09.45

IP4: Anomalous diffusion and weak
ergodicity breaking within living cells
Lene B. Oddershede

Plenary talk 09.45-10.30

IP5: Life at high Reynolds number
David Nelson

Coffee break

Coffee break

Minisymposia 11.00-13.00

MS4: Delay differential equations in
modelling biological phenomena
MS5: Random walks and stochastic
thermodynamics
MS6: Chimera states
MS7: Fluid turbulence with polymer
additives

11.00-11.15
11.15-11.30
11.30-11.45

MS1: Critical points in turbulent flows
MS2: Characterizing the spatial-temporal
dynamics of the epileptic process by
altered levels of neuronal synchronization
MS3: Branching Processes

11.45-12.00
12.00-12.15
12.15-12.30
12.30-12.45

Minisymposia 11.00-13.00

12.45-13.00
13.00-13.15
13.15-13.30

Lunch

(included for registered participants,
please show your badge)

13.30-13.45
13.45-14.00
14.00-14.15

Plenary talk 14.00-14.45
IP3: Temporal networks as a
modeling framework
Petter Holme

14.15-14.30
14.30-14.45
14.45-15.00

Coffee break

15.00-15.15
15.15-15.30

CT1: Fluid dynamics I
CT2: Fluid dynamics II
CT3: Networks
CT4: Systems biology and
biological physics I
CT5: Quantum chaos, many-particle
physics, and mathematical physics

16.00-16.15
16.15-16.30
16.30-16.45
16.45-17.00
17.00-17.15
17.15-17.30

18.00-18.15
18.15-18.30

Registration 17.00-19.00

Registration takes place at the Wallenberg
Centre, the conference centre of the
University of Gothenburg.

18.30-18.45
18.45-19.00
Reception in the City Hall
(Gustav Adolfs Torg) given by the
mayor of Gothenburg
VI

Plenary talk 15.00-15.45
Kerstin Johannesson

Contributed 15.15-17.30

15.45-16.00

17.45-18.00

Poster session I

IP6: Evolution of new biological species in the presence
of gene flow – an empirical study of marine snails

15.30-15.45

17.30-17.45

Lunch

(included for registered participants,
please show your badge)
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Coffee break

Contributed 16.15-18.30

CT6: Fluid dynamics III
CT7: Neural dynamics
CT8: Systems biology and
biological physics II
CT9: Pattern formation
CT10: Nonlinear dynamics and
statistical physics

Wednesday
09.00-09.15
09.15-09.30
09.30-09.45
09.45-10.00
10.00-10.15
10.15-10.30
10.30-10.45
10.45-11.00

Plenary talk 09.00-09.45

IP7: Transport properties of Bose-Einstein
condensates
Patricio Leboeuf

Plenary talk 09.45-10.30

Thursday
Plenary talk 09.00-09.45

11.30-11.45

IP13: Collective effects in large-scale
hydromagnetic pattern formation
Axel Brandenburg

Plenary talk 09.45-10.30

Coffee break

IP8: Charting the state space of
turbulent flows
Predrag Cvitanovic

IP11: Interaction of noise and nonlinear
dynamics in the wind-driven ocean circulation

Coffee break

Coffee break

11.45-12.00
12.00-12.15
12.15-12.30
12.30-12.45

Minisymposia 11.00-13.00

MS8: Evolutionary dynamics
MS9: Analysis of systems with imprecise
low-dimensional information
MS10: Dynamics of coupled cell systems
inspired by real-world networks
MS11: Coherent structures and spatial
patterns in transitional turbulence

Plenary talk 09.00-09.45

IP10: Credits and the instability of the
financial system: a physicist’s point of view
Thomas Guhr

Henk A. Dijkstra

11.00-11.15
11.15-11.30

Friday

Minisymposia 11.00-13.00

MS16: Slow relaxation in complex systems
MS17: Emergent dynamics of
driven colloids
MS18: Data-driven characterisation
of directional interactions between
dynamical systems
MS19: Dynamics in turbulence

Minisymposia 10.00-12.00

MS20: Turbulence and planet formation
MS21: Localized multi-dimensional states
MS22: Nonlinear cooperative phenomena
inside the cell

Closing

12.45-13.00
13.00-13.15
13.15-13.30
13.30-13.45

Lunch

(included for registered participants,
please show your badge)

13.45-14.00
14.00-14.15
14.15-14.30
14.30-14.45
14.45-15.00
15.00-15.15

Plenary talk 14.00-14.45

IP9: Genetic regulation in time and space
Mogens H. Jensen

Coffee break

15.15-15.30
15.30-15.45
15.45-16.00
16.00-16.15
16.15-16.30
16.30-16.45
16.45-17.00

Minisymposia 15.15-17.15

MS12: Particles and droplets in turbulence
MS13: Understanding the dynamics of
real networks using mathematics
MS14: Modelling of stochastic
dynamical systems: recent advances in
theory and applications
MS15: Dynamical models of
anomalous diffusion

17.00-17.15

Lunch

(included for registered participants,
please show your badge)

Poster session II

Plenary talk 15.00-15.45

IP12: Diffusion on random graphs
Thordur Jonsson

Coffee break

Contributed 16.15-18.30

CT11: Fluid dynamics IV
CT12: Population dynamics and genetics
CT13: Applications in engineering and
nanoscience
CT14: Nonlinear dynamics

17.15-17.30
17.30-17.45
17.45-18.00
18.00-18.15
18.15-18.30
18.30-18.45
18.45-19.00
Conference dinner at
Kajskjul 8

A minisymposium session consists of four talks (30 mins each, including discussion.
A contributed session is organised as follows: three talks (20 mins each, including
discussion), break of 15 mins, three more talks (20 mins each, including discussion).
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General information
Find your way to Wallenberg Centre
The Conference will be held at the Wallenberg Centre in Gothenburg (the conference centre of the University of
Gothenburg) and starts on Sunday, September 2 at 17.00 with registration.
Address: Medicinaregatan 20A. The easiest way to get to the conference centre is by tram number 6, 7 or 8, tram stop
Medicinaregatan. For public transportation in Gothenburg please visit: www.vasttrafik.se/en.
From railway station: At Drottningtorget, outside the railway station, choose tram number 7 (direction Tynnered).
From Landvetter Airport: Airport bus from Landvetter Airport to Korsvägen.
From Korsvägen: Tram number 6 (direction Länsmansgården via Sahlgrenska) or tram number 8 (direction Frölunda).
From Säve Airport: Airport bus to Nils Ericson Terminalen. At Drottningtorget, close to Nils Ericson Terminalen in the
city centre, you can choose tram number 13 (direction Sahlgrenska) or tram number 7 (direction Tynnered).
From Brunnsparken: Tram number 6 (direction Kortedala via Sahlgrenska) or tram number 7 (direction Tynnered).

Tram tickets
The best way to get around the entire city including getting to the conference center is by tram. By far the easiest
solution for visitors is to immediately purchase a three day pass for 140 SEK at the trolley center at “Centralstationen” or
“Korsvägen” or any 7-eleven store and decide whether or not you want to renew it after using it for three days. Do not ride
on a tram without a valid ticket; the fines are very severe if you get checked. The driver does not sell tickets and people
sometimes find it difficult or impossible to pay with a credit card once they are on the tram.

Registration and badges
Conference Registration will take place at Wallenberg
Centre (please see enclosed map). Opening hours:
• Sunday September 2: 17.00-19.00
• Monday September 3: 08.30-16.00
• Tuesday September 4: 08.30-12.30
• Wednesday September 5: 08.30-12.30

With over 80 km of double track the Gothenburg
tram is the largest tram rail network in Scandinavia.

• Thursday September 6: 08.30-12.30
A badge will be issued only after payment. Badges are personal and nominative. Badges will be required for meals and
events. Lost badges must be replaced at the conference desk.

Internet
Wireless access is provided through eduroam. In order to connect to the network, participants must register for eduroam at
their home universities. If you do not have access to eduroam please contact the Registration Desk.

Taxi
We recommend you use only the following Taxi companies: Taxi Göteborg, +46 (0) 31 65 00 00, Taxi Kurir,
+46 (0) 31 27 27 27, VIP Taxi, + 46 (0) 31 27 16 11 or Minitaxi, + 46 (0) 31 14 01 40.
VIII

Dynamics Days Europe 2012

Social program
September 3, at 19.00: Reception at Börsen (The City Hall, Gustaf Adolfs Torg)
Monday evening you are invited by the Lord Mayor of Gothenburg to a reception at “Börsen”, the meeting hall of the City
Council. It is located on “Gustaf Adolfs Torg”, next to the tram stop “Brunnsparken”. Please check the conference map for
directions.
Find your way to Börsen: From Medicinaregatan, choose tram number 6 or 7, or bus number 58 towards the city centre to
Brunnsparken.
Please note that pre-reservation must be made.

September 5: Conference Dinner at Kajskjul 8
The conference dinner starts at 19.00 at restaurant Kajskjul 8 at Packhusplatsen 11.
The restaurant is located near the Gothenburg Opera. By tram, take the number 10 to “Lilla Bommen” and then walk, or
walk from “Brunnsparken”. Please check the conference map for directions.
Find your way to Kajskjul 8: From Medicinaregatan, choose tram number 6 or 7, or bus number 58 towards the city
centre to Brunnsparken. Walk or take tram number 10 to “Lilla Bommen”, and then walk for about 10 minutes.
The dinner is not included in the conference fee, pre-booking is necessary.

Gustav Adolf Square, Gothenburg, with the statue of
Gustav Adolf II (founder of the city in 1621),
the Town Hall, and the Stock Exchange building.
Dynamics Days Europe 2012
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Information for contributors
Contributed talks
Contributed talks are scheduled on Monday Sept 3 15.00-17.15, Tuesday Sept 4 16.15-18.30, and Thursday Sept 6
16.15-18.30. Please refer to the conference booklet to find out when your talk is scheduled.

Instructions
For those bringing laptops, projectors with standard VGA input will be provided. Alternatively, a Windows computer
attached to the projector to read a Windows formatted memory card will be available in the lecture rooms. Although
Powerpoint software will be available on these machines, it is much better if you convert to pdf format to avoid possible font
and language incompatibilities.
If you bring your own laptop, please test your equipment before the session begins. If you do not bring your own laptop,
you must have uploaded your talk onto the computer in the lecture room before the session begins. Testing of equipment
and uploading of talks should be done at least 30 mins before the session begins.

Posters
Poster sessions are scheduled on Tuesday Sept 4 13.00-15.00 and Thursday Sept 6 13.00-15.00. Note that posters are on
display throughout the conference. They can be put up Monday morning. Please put up your poster on the board carrying
the number of your poster. You find the number of your poster in the conference booklet.
Dimensions of poster boards: height 180 cm, width 90 cm.

Related conferences
Dynamics Days Europe 2013, 3-7 June 2013: http://dynamics-days-europe-2013.org
Dynamics Days US 2013, 3-6 Jan 2013: http://amath.colorado.edu/conferences/DDays2013
Program Dynamics of Particles in Flows: Fundamentals and Applications,
NORDITA June 2-27 2014: Organisers: F. Lundell, B. Mehlig, D. Mitra, and F. Toschi:
http://www.nordita.org/science/programs/list_of_programs

X
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U. Ebert

IP2
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IP8

Genetic regulation in time and space
M. H. Jensen

IP9

Credits and the instability of the financial system: a physicist’s point of view
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Monday

Inferring network connectivity from multineuron spike data
J. Hertz
NORDITA, Stockholm, Sweden
Niels Bohr Institute, Copenhagen, Denmark

IP1
09:00

An important current problem in neuroscience is inferring connectivity in neuronal networks from
recordings of spike trains of many neurons. This is an example of an inverse problem: We have the
measured statistics, and the task is to infer the parameters of the model. To do this, one chooses a
stochastic dynamical model for the network and fits its parameters, including connection strengths, using the data. I will describe an approach to this problem using a dynamical Ising (Glauber) model,
in which the "up" state represents neuronal firing and the interaction matrix Jij (which need not be
symmetric) describes the synapses. Most current approaches to this problem assume stationarity, but
most data are not stationary, because of time-dependent stimuli, intrinsic oscillations, or uncontrolled
input to the recorded neurons. I will present a method for inferring the connectivity of a network in
the presence of nonstationarity. I will show how to derive iterative learning rules for the effective couplings between recorded neurons in such a model. These are exact but time-consuming to implement.
If one assumes that the firing rates obey a mean field theory, it is then possible to derive much quicker
(though approximate) mean-field algorithms. I will show results obtained applying this analysis to data
sets from (1) the stochastic model itself, (2) a realistic computational model of a small cortical network,
and (3) salamander retina under visual stimulation. In all three cases, if we perform the reconstruction
assuming stationarity, the algorithms effectively invent fictitious couplings to explain stimulus-induced
correlations: The couplings in the network are systematically overestimated. The nonstationary treatment makes it possible to find both the correct (weaker) couplings and to extract the time-dependence
of the external input. The essential features found from the exact algorithms are preserved in the meanfield approximations for these data.

How thunderstorms generate antimatter: a conspiracy of nonlinear mechanisms
U. Ebert [1,2]
[1] Centrum Wiskunde en Informatica, Amsterdam, The Netherlands
[2] Eindhoven University of Technology, Eindhoven, The Netherlands
In 1994, researchers were surprised that thunderstorms emit terrestrial gamma-ray flashes. Then terrestrial electron flashes were found, and in 2011 even a strong positron signal. This energetic radiation
is correlated with lightning leaders, the large scale conducting channels that grow to release the electric potential differences within a thundercloud. I will explain the nonlinear mechanisms that allow
lightning leaders to generate gamma-rays of up to 100 MeV as well as electron positron pairs. These
mechanisms are local enhancement of the electric field, the multivaluedness of the mean electron energy
in a discharge as a function of electric field, and the stepping dynamics of negatively charged leaders.

3

IP2
09:45
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IP3 Temporal networks as a modeling framework
14:00 P. Holme [1,2,3]
[1] IceLab, Department of Physics, Umeå University, Umeå, Sweden
[2] Institute for Future Studies, Stockholm, Sweden
[3] Department of Energy Science, Sungkyunkwan University, Seoul, Korea
To see the global structure of large-scale systems one needs to zoom out in a consistent way. Over
the last decade, static network modeling has proven a very powerful tool to do this. Sometimes one
can gain much understanding of the system if one extends network models to include more information.
One such extension is to represent information about when (not only about between which units) things
happen. I will discuss such temporal networks – when they should be used to model and analyze your
system; what you can get out of it; and which theoretical challenges lie ahead in developing this tool. I
will take examples from social, biological and technological systems.
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Tuesday

Anomalous diffusion and weak ergodicity breaking within living cells
L. B. Oddershede [1], N. Leijnse [1], J. Jeon [2], and R. Metzler [3]
[1] Niels Bohr Institute, University of Copenhagen, Denmark
[2] Department of Physics, Tampere University of Technology, Finland
[3] Institute for Physics and Astronomy, University of Potsdam, Germany

IP4
09:00

Diffusion of single molecules and organelles in living cells has attracted considerable interest. The
motion so essential for intra- and intercellular transport, regulation, and signaling, and hence for the
life within cells exhibits surprising deviations from normal Brownian motion. Using optical tweezers
combined with single particle tracking inside living cellular organisms we study intracellular diffusion
of nano-sized organelles inside living cells. The temperature increase caused by absorption by the laser
light as well as the potential physiological damage are important also to consider and will be addressed
[1]. Lipid granules inside living S. pombe yeast cells perform anomalous diffusion, with subdiffusion
being most predominant at short time-lags, and the biological functions giving motility footprints at
longer time-lags [2]. At very short timescales, the subdiffusion of lipid granules is well described by the
laws of continuous time random walk theory and at longer timescales the granule motion is consistent
with fractional Brownian motion. Ordinary Brownian diffusion exhibits ergodicity: long time averages
of a measured process for a single particle are equal to the corresponding average over a statistical ensemble. Ergodicity is also fulfilled for anomalous processes governed by fractional Brownian motion.
In our analysis of the passive diffusion of liquid granules in living fission yeast cells and in endothelial
cells we demonstrate that the diffusion is not only anomalous, but that ergodicity is indeed violated
on biochemically relevant time scales [3,4]. Ergodicity breaking implies that time averages based on
individual trajectories are random variables, such that our common wisdom associated with the picture
of Brownian motion fails. While ergodicity breaking is expected in large live organisms it is surprising to find it already for a small particle essentially coupled to a thermal heat bath thus indicating that
basic concepts of statistical Physics must be replaced when we analyze certain aspects of biomolecular
dynamics in the cell.
[1] A. Kyrsting, P.M. Bendix, D.G. Stamou, and L.B. Oddershede, Nano Letters, vol. 11 p.888-892
(2011).
[2] I.M. Tolic-Nørrelykke, E.-L. Munteanu, G. Thon, L. Oddershede, and K. Berg-Sørensen, PRL,
vol.93, p.078102 (2004).
[3] J.H. Jeon, V. Tejedor, S. Burov, E. Barkai, C. Selhuber, K. Berg-Sørensen, L. Oddershede, R.
Metzler, PRL, vol. 106 p.048103 (2011).
[4] N. Leijnse, J.-H. Jeon, S. Loft, R. Metzler, L.B. Oddershede, EPJ, vol.204 p.75-84 (2012).

Life at high Reynolds number
D. Nelson
Lyman Laboratory of Physics, Harvard University, Cambridge, USA
Microorganisms living in the ocean can be subject to strong turbulence, with cell division times in
the middle of a Kolmogorov-like cascade of eddy turnover times. We explore the dynamics of a Fisher
equation describing cell proliferation in one and two dimensions, as well as turbulent advection and diffusion. Because of inertial effects and cell buoyancy, we argue that the effective advecting velocity field
is compressible. For strong enough compressible turbulence, microorganisms such as bacteria and phytoplankton track, in a quasilocalized fashion, sinks in the turbulent field, with important consequences
for the carrying capacity and for fixation times when two genetically different species compete.
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IP6 Evolution of new biological species in the presence of gene flow – an empirical
15:00 study of marine snails
K. Johannesson [1], M. Panova [1], C. André [1], G. Charrier [1], and R. Butlin [2]
[1] University of Gothenburg, Gothenburg, Sweden
[2] University of Sheffield, Sheffield, UK
The formation of new species is a fundamental process in nature and a major force in shaping biodiversity. Earlier assumptions that speciation is the consequence of geological processes over millions
of years, are currently challenged as speciation with gene flow, driven by ecological forces, seems much
more rapid and potentially very important in nature. However, the mechanisms involved remain to be
revealed. Core issues include how and why initial genetic barriers to reproduction start to evolve in
the face of gene flow, and how barriers evolve to completion. In this talk I present an ongoing study
combining comprehensive genetic analyses, coalescence based modelling and ecological experiments
to investigate the evolution of reproductive barriers in a species of marine snail. This species is an excellent model for this study as reproductive isolation has evolved repeatedly in the face of gene flow,
and varying degrees of reproductive isolation is present, representing different stages of divergence and
speciation. We now have strong modeling support for a hypothesis of repeated evolution of reproductive
isolation among parapatric (connected) populations of the species living under different ecological conditions, and we have data suggesting some important traits involved in reproductive isolation. We are
currently sequencing the complete genome, and we have done some first preliminary attempts to map
the genome-wide divergence in independent but ecologically similar sites to track loci that consistently
signal divergence. Surprizingly few such loci are found, suggesting convergent rather than parallel
evolution of adaptive traits. Cross-breeding and studies of associations between genes and phenotypic
traits involved in divergent selection, assortative mating, selection of hybrids etc. are urgently needed to
suggest phenotype-genotype links. Finally, modelling will be incentive to trace the origin of speciation
genes, and test the role of genomic architecture, selection, gene flow and population history.
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Wednesday

Transport properties of Bose-Einstein condensates
P. Leboeuf
CNRS INP, Paris, France

IP7
09:00

We will review some recent developments concerning the propagation of coherent matter waves in cold
atom physics. Particular attention will be devoted to disordered media and superfluid motion. Connections to the propagation of light in nonlinear media will also be discussed.

Charting the state space of turbulent flows
P. Cvitanović
Center for Nonlinear Science, School of Physics, Georgia Tech, Atlanta, GA 30332-0430, USA

IP8
09:45

Advances in experimental imaging, computational methods, and dynamical systems theory reveal that
the unstable recurrent coherent structures observed in moderate Reynolds number turbulent flows result
from close passes to unstable invariant solutions of Navier-Stokes equations. These 3D, fully nonlinear
solutions -equilibria, traveling waves, and (relative) periodic orbits- structure the infinite-dimensional
state space of turbulent flows and provide a skeleton for analyzing their dynamics. However, with
dynamics in high-dimensional state spaces come new challenges - we will discuss two. (1) Flows of
interest (pipe, channel flows) often come equipped with continuous symmetries. Just to get started with
charting out their state spaces, one first has to quotient the symmetries, i.e., replace the flow by an equivalent, symmetry reduced flow, in which each family of symmetry-related states is replaced by a single
representative. Doing this well remains a challenge. (2) Having started, one also needs to know when to
stop. We argue that for a given physical system there is always ‘optimal resolution’ of the state space,
beyond which there is nothing more to be done.

Genetic regulation in time and space
M. H. Jensen
Niels Bohr Institute, The University of Copenhagen, Denmark
Genetic circuits have been studied quite intensively in recent years. We have focused on oscillatory
patterns in eucaryotic systems related to negative feed-back loops inside single cells [1,2]. We have
in particular focused on regulatory networks related to the transcription factors NF-kB, p53 and Wnt.
These networks are important for the understanding of cell apoptosis, inflammation and embryo segmentation. In many cases it is of interest to study how cells communicate with each other when cells
are arranged in certain spatial structures, like biofilms and tissues. We have attacked this problem by
means of a repressor-lattice where single repressilators (closed feed-back loops) are placed on a hexagonal lattice [3]. Such systems can be build without any internal frustration and can in most cases exhibit
stable, oscillating states. With bi-directed interactions the tissues locally exhibit switch-like behavior.
During growth the tissues may develop ’defects’ and we have found that mutations have a larger effect
in such cases than in ordered tissues. We further study how coupling between oscillating cells may lead
to cytokine waves in tissues due to inflammatory responses [4]. Finally, we discuss the possibility of
synchronizing cells by externally periodic cytokine signals leading to possible chaotic states [5].
[1] S. Pigolotti, S. Krishna and M.H. Jensen, "Oscillation patterns in negative feedback loops",
Proc.Nat.Acad.Sci. 104, 6533-6537 (2007).
[2] B. Mengel, A. Hunziker, L. Pedersen, A. Trusina, M.H. Jensen and S. Krishna, "Modeling
oscillatory control in NF-kB, p53 and Wnt signaling", Current Opinion in Genetics and Development,
doi:10.1016/j.gde.2010.08.008 (2010).
[3] M.H. Jensen, S. Krishna and S. Pigolotti, "The Repressor-Lattice: Feedback, Commensurability,
and Dynamical Frustration, Phys. Rev. Lett. 103, 118101 (2009).
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[4] P. Yde, B. Mengel, M.H. Jensen, S. Krishna, and A. Trusina "Modeling the NF-kappaB mediated
inflammatory response predicts cytokine waves in tissue", BMC Systems Biology, 5, 115 (2011).
[5] M.H. Jensen and S. Krishna, "Inducing phase-locking and chaos in cellular oscillators by modulating the driving stimuli", FEBS Letters 586, 1664-1668 (2012).
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Invited plenary talks

Thursday

Credits and the instability of the financial system: a physicist’s point of view
T. Guhr
Universität Duisburg-Essen, Duisburg, Germany

IP10
09:00

In the last fifteen to twenty years, a growing number of physicists became interested in the economy,
particularly in the financial system. "Econophysics" emerged as a new field of research. I discuss this
development in general and then turn to an issue which continues to hit the news: credit contracts, their
risk, and the obvious severe instabilites caused for the world economy as a whole. It is often claimed,
particularly by financial institutions, that the risk involved with credits can be substantially lowered by
diversification, i.e. by distributing it. I use a "microscopic" model to show that this very concept is
deeply flawed. The study is carried out with numerical simulations, but also semi-analytically by employing random matrices which are a powerful tool in the theory of complex and chaotic systems.

Interaction of noise and nonlinear dynamics in the wind-driven ocean circulation IP11
09:45

T. Sapsis [2], J. Viebahn [1], and H. A. Dijkstra [1]
[1] Institute for Marine and Atmospheric research Utrecht, Utrecht University, The Netherlands
[2] Courant Institute of Mathematical Sciences, New York, USA

Results will be presented of a study on the interaction of noise and nonlinear dynamics in a quasigeostrophic model of the wind-driven ocean circulation. The recently developed framework of dynamically orthogonal field theory is used to determine the statistics of the flows which arise through
successive bifurcations of the system as the ratio of forcing to friction is increased. Focus will be on the
understanding of the role of the spatial and temporal coherence of the noise in the wind-stress forcing.
For example, when the wind-stress noise is additive and temporally white, the statistics of the stochastic
ocean flow does not depend on the spatial structure and amplitude of the noise. This implies that a
spatially inhomogeneous noise forcing in the wind stress field only has an effect on the dynamics of
the flow when the noise is temporally colored. The latter kind of stochastic forcing may cause more
complex or more coherent dynamics depending on its spatial correlation properties.

Diffusion on random graphs

IP12
15:00

T. Jonsson
University of Iceland, Reykjavik, Iceland
We discuss how properties of random graphs are related to the behaviour of diffusion on such graphs.
We focus on recent results about diffusion on some classes of random trees and surfaces which reflect
their physical and mathematical properties. Among the models discussed are Galton-Watson trees and
causal triangulations.

9

Friday

Invited plenary talks

IP13 Collective effects in large-scale hydromagnetic pattern formation
09:00 A. Brandenburg
Nordita, KTH Royal Institute of Technology, and Stockholm University, AlbaNova University Center,
Roslagstullsbacken 23, 10691 Stockholm, Sweden
Many astrophysical bodies (for example the Sun or the Milky Way) consist of hot ionized gas which
is electrically conducting. Such flows are also turbulent. However, a purely hydrodynamic turbulent
state can become unstable to the dynamo instability, so the final state becomes magnetized. Significant amounts of energy can then be converted to and dissipated through magnetic fields. In my talk, I
will discuss two quite different examples in which turbulent hydromagnetic flows can develop spatiotemporal patterns on scales much larger and longer than those of the turbulence. The first example is
what is sometimes referred to as a mean-field or large-scale dynamo, which requires finite helicity of
the flow. Since magnetic helicity is conserved in the limit of high electric conductivity, it is driven preferentially to larger scales. This process can be modeled quantitatively in terms of averaged equations
in which the magnetic diffusivity is renormalized and other new terms (e.g. the alpha effect) appear.
The second example is about a process that is now sometimes referred to as negative effective magnetic
pressure instability. In this case the magnetic pressure gets renormalized and can become negative. This
process is general and exists even in isotropic non-helical turbulence. However, when it is applied to
a strongly stratified gas with an applied uniform magnetic field, an instability develops that leads to
magnetic flux concentrations on scales encompassing that of at least ten turbulent eddies. The physics
behind this is straightforward: as the magnetic field is increased, it increases the magnetic pressure, but
it also suppresses the turbulent pressure, and this effect can be stronger, rendering the total magnetic
effect a negative one. These two examples illustrate the general principle by which the consideration of
averaged equations can lead to new insights with quantitative predictions that are then also borne out by
direct numerical simulations. Other dramatic examples include the turbulent pumping of passive scalars
and angular momentum transport even for rigid rotation. Applications to the Sun will be discussed.
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MS1

Critical points in turbulent flows

Monday 11:00 - 13:00

Critical points in turbulent flows
Organiser: J. C. Vassilicos

MS1

Monday 11:00 - 13:00
A topological approach to turbulent flows is currently flourishing. It may give rise to a statistical mechanics of turbulence in the guise of a statistical mechanics of critical points. The approach is based
on the statistics of critical points of velocity, vorticity, acceleration, and scalar gradient fields, as well
as their neighboring structures in terms of dissipation elements, streamline segments, and surface networks. This approach leads naturally to a geometrical interpretation of the Taylor microscale and a
characterisation of coherent vortex mergers. It can also be applied to the calculation of the dissipation
and von-Karman coefficients, two of the most important dimensionless numbers in turbulence, and to
the clustering effect that turbulent flows can have on particles of Stokes number larger than unity. This
clustering effect is due to the clustering of acceleration field critical points and is currently being used
to model subgrid-scale particle fluxes in large eddy simulations.

The stagnation-point von-Karman coefficient
J. C. Vassilicos

MS1-1
11:00

Reconnection, vortex mergers and vortex lattice in 2D turbulence
K. Ohkitani

MS1-2
11:30

Intermediate scales in turbulence: jumps across the Taylor scale
N. Peters

MS1-3
12:00

Towards new phenomenological models of subgrid-scale flux of heavy-particle concentration in
LES
M. Chamecki

MS1-4
12:30
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Critical points in turbulent flows

Monday 11:00 - 13:00

The stagnation-point von-Karman coefficient
J. C. Vassilicos
Imperial College, London, UK

MS1-1
11:00

Critical points and their motions are a well-defined way to define topological and eddy-related structures in turbulence flows. Whilst turbulent velocity stagnation points move on average very slowly in
a reference frame moving with the mean flow, zero-acceleration points are statistically swept by the
turbulent fluctuations like material elements. These critical points have a multiscale structure in the
flow which acts as a skeleton for it. In the presence of a wall, the stagnation-point multiscale structure
is inhomogeneous such that the number of stagnation points decreases proportionally to the distance
from the wall when moving away from it in the so-called inertial layer. This allows the calculation of
the important von-Karman coefficient for the mean flow profile in terms of dimensional numbers characterising the stagnation-point structure and offers one of the first concrete predictions of critical point
theory of turbulent flows. The other such prediction is the calculation of the dimensionless dissipation
constant in terms of stagnation point statistics, also one of the most important dimensionless quantities
in turbulence. The work reported here was carried out in collaboration with Vassilis Dallas (now at ENS,
Paris, France) and Susumu Goto (now at Osaka University, Japan)

Reconnection, vortex mergers and vortex lattice in 2D turbulence
K. Ohkitani and F. A. Sulti
University of Sheffield, Sheffield, UK

MS1-2
11:30

We study reconnection of vorticity contours in 2D Navier-Stokes flows by analyzing critical points
of the vorticity field and their connectivity (so-called surface networks). We show how it characterizes
merger of coherent vortices. We also compare the Navier-Stokes and Charney-Hasegawa-Mima (CHM)
equations by this method and show how it reveals the formation of vortex lattices in the latter. This
method distinguishes these two equations clearly. We then study a coarse-grained asymptotic equation for the the deformation of vortex lattices (Smirnov and Chukbar 2001). It is valid for geostrophic
vortices with a screened interaction, a discrete analog of the CHM equation. Numerical results show
ill-posed nature of the time evolution. Since self-similar blow-up solutions with an infinite total energy
are known. we ask whether or not finite-time blow-up can take place for smooth initial data with a finite
energy. More general self-similar blow-up solutions are sought, but all are found to have infinite total
energy.

Intermediate scales in turbulence: jumps across the Taylor scale
N. Peters
Institute for combustion technology, RWTH Aachen University, Aachen, Germany
There is a continuing concern in the turbulence community about the various scaling anomalies and
anisotropies observed even at small scales and high Reynolds numbers which seem to disprove Kolmogorov’s universal scaling hyptheses based on two-point statistics. The two points in this approach
are fixed in advance. The objective of this paper is to explore a new type of statistics based on so-called
dissipation elements (DE). Dissipation elements are physically motivated space-filling sub-units of a
scalar field, equivalent to Morse-Smale complexes in topology. Their end-points are critical points in
scalar fields, namely a minimum and a maximum point for each DE and as such random variables, differently from the two points of the previous approach. One of the important aspects of the DE approach
is its ability to describe the sudden and random changes in their length ( and the associated changes in
spatial orientation) that are characteristic of turbulence. Dissipation elements are particularly suited to
capture anisotropic structures in turbulent fields. These are particularly apparent in their gradient fields,
and manifest themselves for instance in a derivative skewness of order unity in the passive scalar field
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MS1-3
12:00

Monday 11:00 - 13:00

Critical points in turbulent flows

MS1

even at large Reynolds numbers. The paper describes the properties and the scaling of DEs obtained
from DNS at different Reynolds numbers and from a stochastic model equation. That equation models
the fast random length changes by a Poisson cutting and reconnection process and the slow changes due
to diffusion and strain by a drift process. The resulting mean length scale turns out to be proportional
to the square root of the Kolmogorov and the Taylor scale. This new length scale is interpreted as an
intermediate micro length scale. By normalizing the derivative pdf of a passive scalar with this length
scale it becomes Reynolds number independent.
References
L. Wang, N. Peters, 2006, The length scale distribution function of the distance between extremal
points in passive scalar turbulence, J. Fluid Mech., vol. 554, pp. 457–475.
L. Wang, N. Peters, 2008, Length scale distribution functions and conditional means for various
fields in turbulence, J. Fluid Mech., vol. 608, pp. 113–138.

MS1-4 Towards new phenomenological models of subgrid-scale flux of heavy-particle
12:30 concentration in LES
M. Chamecki [1]
[1] Department of Meteorology, Pennsylvania State University, University Park, PA 16802, USA
Properties of preferential concentration of heavy particles in 2D homogeneous isotropic turbulence are
investigated through statistical analysis of coarse-grained particle concentration fields. The continuum
signature of the sweep-stick mechanism is clearly identified using conditional averaging and is present
at all coarse-grained scales available in the simulation. Focus is placed on the development of models to
represent the subgrid-scale (SGS) particle flux in large-eddy simulation using the Eulerian equilibrium
approach. It is argued that the SGS particle flux has two independent components that represent different physical processes: turbulent mixing due to SGS turbulence and clustering due to particle inertial
response to SGS acceleration. These processes are completely independent and must be modeled separately. Phenomenological models based on centrifuging and the sweep-stick mechanisms are proposed
for the inertial component.
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Characterizing the spatial-temporal dynamics of...

Monday 11:00 - 13:00

Characterizing the spatial-temporal dynamics of the epileptic
process by altered levels of neuronal synchronization

MS2

Organisers: R. G. Andrzejak and K. Lehnertz
Monday 11:00 - 13:00
The disease epilepsy is related to distorted levels of synchronization in networks of neurons. This minisymposium will discuss the role that neuronal hyper-synchronization and hypo-synchronization plays
in the generation and propagation of epileptic seizures. Furthermore, it will be seen that an elevated
level of neuronal synchronization persists in the epileptic focus also during the seizure-free interval. It
is investigated which bivariate and multivariate signal-analysis techniques are best suited for the detection of directional interactions and for a characterization of synchronization phenomena in the epileptic
brain. It is shown that these approaches can be used to reliably localize the epileptic focus. The degree
to which they can be used to predict epileptic seizures is discussed.

The epileptic focus is associated with neuronal hyper-synchrony. Applying bivariate signal analysis to localize the epileptic focus
R. G. Andrzejak

MS2-1
11:00

Inferring directed interactions in the human epileptic brain: information theory- or phase-based
approaches
S. Porz

MS2-2
11:30

How important is the epileptic focus for the dynamics of epileptic brain networks?
C. Geier

MS2-3
12:00

Are temporal changes of neural synchronization predictive of epileptic seizures?
H. Dickten

MS2-4
12:30
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Monday 11:00 - 13:00

The epileptic focus is associated with neuronal hyper-synchrony. Applying bivari- MS2-1
ate signal analysis to localize the epileptic focus
11:00
R. G. Andrzejak [1]
[1] Department of Information and Communication Technologies, Universitat Pompeu Fabra, Barcelona,
Spain
Epilepsy is related to hyper-synchronous activity of networks of neurons, and acute epileptic seizures
are the most extreme manifestation of this hyper-synchronicity. Beyond that, an elevated level of interdependence of neuronal dynamics is thought to persist also during seizure-free periods. In electroencephalographic (EEG) recordings from epileptic brain areas this interdependence can be reflected in an
increased linear cross correlation but also in signal properties of higher order. I review our results of
[1] where we studied which approach is best suited to detect elevated interdependence levels in signals recorded from epileptic brain areas. For this purpose, we used the linear cross-correlation that is
sensitive to lower-order signatures of interdependence, a novel nonlinear interdependence measure that
integrates both lower- and higher-order properties, and a surrogate-corrected nonlinear interdependence
measure that aims to specifically characterize higher-order properties. We analyzed intracranial EEG
recordings of seizure-free periods from 29 patients with medial temporal lobe epilepsy. All three approaches detected higher levels of interdependence for signals recorded from the brain hemisphere containing the epileptic focus as compared to signals recorded from the opposite hemisphere. For the linear
cross-correlation, however, these differences were not significant. For the nonlinear interdependence
measure the differences were significant but only of moderate accuracy with regard to the discriminative power for the focal and non-focal hemisphere. The highest significance and accuracy was obtained
for the surrogate-corrected nonlinear interdependence measure. Hence, in agreement with previous results [2] our results indicate that a surrogate correction seems key to a successful characterization of the
spatial distribution of the epileptic process.
[1] R G Andrzejak et al. Phys. Rev. E, 83, 046203 (2011)
[2] R G Andrzejak et al. Epilepsy Res. 69, 30 (2006)

Inferring directed interactions in the human epileptic brain: information theory- MS2-2
or phase-based approaches
11:30
S. Porz [1,2], H. Dickten [1,2], C. E. Elger [1], and K. Lehnertz [1,2,3]
[1] Department of Epileptology, University of Bonn, Bonn, Germany
[2] Helmholtz Institute for Radiation and Nuclear Physics, University of Bonn, Bonn, Germany
[3] Interdisciplinary Center for Complex Systems, University of Bonn, Bonn, Germany
The analysis of interactions between dynamical systems has become common practice for a multitude
of applications in diverse scientific fields including epileptology. Starting from the analysis of strength
of interactions only, the approach has been extended to the inclusion of directional information, which
can lead to a deeper understanding of the examined systems. We investigate the ability of a phase-based
and an information-theoretic time-series analysis technique applied to long-lasting multichannel EEG
recordings for an identification of the seizure generating area in patients suffering from focal epilepsies. We discuss the impact of various confounding variables on these techniques which lead to hints
for the interpretation of findings and to suggestions for future research. Supported by the Deutsche
Forschungsgemeinschaft (Grant No: LE 660/5-2)
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MS2

MS2-3 How important is the epileptic focus for the dynamics of epileptic brain networks?
12:00 C. Geier [1,2], C. E. Elger [1], and K. Lehnertz [1,2,3]
[1] Department of Epileptology, University of Bonn, Bonn, Germany
[2] Helmholtz Institute for Radiation and Nuclear Physics, University of Bonn, Bonn, Germany
[3] Interdisciplinary Center for Complex Systems, University of Bonn, Bonn, Germany
Network analysis has recently emerged as a powerful tool to investigate spatially extended dynamical
systems in diverse scientific fields, including the neurosciences. Previous studies have shown that network analyses allow an improved characterization of functional networks in the human epileptic brain.
We investigate whether the brain structure responsible for the generation of epileptic seizures (epileptic
focus) represents an important node in an epileptic brain network. For this purpose we derive weighted
functional networks from intracranial multi-channel long-term electroencephalographic data recorded
from patients with focal epilepsies. Using a sliding window approach we characterize the importance of
sampled brain regions in a time-resolved manner with different centrality metrics. We will show under
which circumstances the epileptic focus can be regarded as important for various observable network
dynamics. Supported by the Deutsche Forschungsgemeinschaft (Grant No: LE 660/4-2)

MS2-4 Are temporal changes of neural synchronization predictive of epileptic seizures?
12:30 H. Dickten [1,2], S. Porz [1,2], C. E. Elger [1], and K. Lehnertz [1,2,3]
[1] Department of Epileptology, University of Bonn, Bonn, Germany
[2] Helmholtz Institute for Radiation and Nuclear Physics, University of Bonn, Bonn, Germany
[3] Interdisciplinary Center for Complex Systems, University of Bonn, Bonn, Germany
Epilepsy is a malfunction of the brain that affects over 50 million people worldwide. Epileptic seizures
are usually characterized by an overly synchronized firing of neurons involved in the epileptic process.
There is now growing evidence that an improved understanding of the epileptic process can be achieved
through the analysis of synchronization phenomena in epileptic brain networks. We present findings
obtained from investigating strength and direction of interactions between different brain regions using
phase-based and information-theoretic time-series analysis techniques applied to long-lasting multichannel EEG recordings from epilepsy patients. We discuss pros and cons of these approaches for an
identification of seizure precursors, which may enable both investigations of basic mechanisms leading to seizure initiation in humans and the development of adequate seizure warning and prevention
strategies. Supported by the Deutsche Forschungsgemeinschaft (Grant No: LE 660/5-2)
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Branching processes

Monday 11:00 - 13:00

Branching processes
Organiser: P. Jagers

MS3

Monday 11:00 - 13:00
One of the basic patterns of nature is that of sets changing their size and composition by their members
generating new members. This occurs in particle physics, in molecular replication, cell division, and in
the reproduction of higher organisms. Related phenomena are also fundamental in computer algorithms
for sorting and allocation and lead to random trees and fixed point problems. Branching processes
provide the appropriate theory. This session presents two lectures with a background in physics, one in
biological population dynamics and evolution, and one on random tress and fixed points.

Analysis of the stochastic behavior of the one-point kinetic equation
R. Sanchez

MS3-1
11:00

Stochastic fixed points and the weighted branching process.
U. Roesler

MS3-2
11:30

Theory and application of branching processes in nuclear safeguards
I. Pázsit

MS3-3
12:00

Branching processes: from independently splitting particles to biological populations
P. Jagers

MS3-4
12:30
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Analysis of the stochastic behavior of the one-point kinetic equation
R. Sanchez
Commissariat à l’Energie Atomique et aux Energies Alternatives, Gif-sur-Yvette, France

MS3-1
11:00

The fission chain paradigm is used to analyze the underlying stochasticity of the neutron transport
equation. The analysis is limited to one-group neutrons in an infinite, homogeneous medium, and is
done in the generation and in the time-dependent descriptions but includes external sources and neutron
precursors. The mathematical theory is that of multi-typed Markov branching processes. We give general results for average values and characterize the validity of the deterministic, mean-value description
with the variance of the underlying stochastic process. We analyze the stochastic behavior of the onepoint kinetic model and give asymptotic expressions for mean values and variances. In the absence of
sources, we also analyze the probability of extinction of the fission chain and proved classical results.
In particular, we show that a critical system with a continuous supply of target nuclei cannot maintain a
self-sustained fission chain. This result is shown to be true even in the presence of precursors. We prove,
however, that an idealized thermal reactor, infinite in size, can maintain a semblance of a stationary distribution for as long as a day without external intervention. For the precursor case, we derive asymptotic
expressions for the mean and variances by using a property of the powers of positive matrices. These
results are qualitatively equivalent to those obtained in the absence of precursors. In the time-dependent
case we use convexity analysis to prove again the fallacy of the self-sustained fission chain paradigm.

Stochastic fixed points and the weighted branching process.
U. Roesler
Mathematical Institute, University of Kiel, Kiel, Germany

MS3-2
11:30

Stochastic fixed points are equations in distribution of the form
D

X=

X

Tn Xn

n

where T = (T1 , T2 , . . .), Xn , n ∈ N are independent and all Xn have the same distribution. The main
examples are stable distributions and mixtures of stable ones. By iteration these equations are closely
connected to the weighted branching process, a process indexed by a rooted tree. It is a natural generalization of branching processes. We give an overview on known results and will describe all possible
solutions.

Theory and application of branching processes in nuclear safeguards
I. Pázsit
Chalmers University of Technology, Gothenburg, Sweden
Due to the fission process, which leads to the emission of a random number of neutrons, the evolution of a neutron cascade in a multiplying (fissionable) medium is a branching process. The statistics of
the number of neutrons generated, leaking out of the system and being detected, has a number of applications in nuclear science. One of these is the detection, identification and quantification of small samples
of nuclear material from the statistics of the spontaneously emitted radiation (neutrons and gamma photons), which is a special part of nuclear safeguards. The spontaneous fissions in the sample lead to
the generation of a random number of neutrons, which might undergo induced fission before leaking
out, hence increasing the source multiplicity. A specific characteristics of the process is that at each
fission, also a large, random number of gamma photons are generated, which can also be detected. The
photons do not multiply themselves, but their generation follows the evolution of the neutron branching
process. The first three factorial moments of the detected neutrons and gamma photons as well as the
23

MS3-3
12:00

Monday 11:00 - 13:00

Branching processes

MS3

mixed moments can be used to determine the sample mass and composition, also in the presence of
unknown detector efficiency and ratio of fission neutrons to background (non-branching) neutrons. The
traditional description of fission chains as branching processes uses an infinite homogeneous material
and an energy-independent (“one-group”) model. Extensions of the model to two energy groups or two
adjacent homogeneous regions was made recently, which provide further means of the detection and
quantification of multiplying material.

MS3-4 Branching processes: from independently splitting particles to biological popula12:30 tions
P. Jagers [1] and F. C. Klebaner [2]
[1] Chalmers and Gothenburg University, Gothenburg, Sweden
[2] Monash University, Victoria 3800, Australia
Branching processes arose in the 1800’s as a theory describing reproduction of independently acting
individuals of the simplest possible kind, characterized only by their i.i.d. reproduction numbers. Their
XX:th Century history can be viewed as a slow journey towards more and more refined modelling of
individual behaviour, encompassing first only splitting individuals like particles or cells, but ultimately
all known population theories: individuals can be of various types, their life span distributions can take
any forms and reproduction occur in multifarious ways, by splitting or in annual random broods, e.g.
Two great challenges remain (for our XXI:st Century). One is that reproduction remains clonal and
mating plays no role in the more complex models; interesting work has been done for cases of GaltonWatson type. Another is that matters like resources, and its mirror population size, are not taken into
account. Recently, this has been addressed in a sequel of papers by French probabilists working in a
birth-and-death tradition and by our group, first through an extremely simple but lucid discrete time
binary splitting process, and now through general branching processes, which are supercritical below
and subcritical above a so called carrying capacity (of their habitat). What are chances that small such
populations grow and come close to the carrying capacity? How long will they stay there? And what
will happen to their age-distribution, during the (actually long) time such populations will linger around
the carrying capacity?
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Tuesday 11:00 - 13:00

Delay differential equations in modeling biological phenomena
Organisers: M. J. Piotrowska and M. Bodnar

MS4

Tuesday 11:00 - 13:00
The aim of this symposium is to put in evidence the onset of different type of delays in models arising
in different areas of applications. We will mainly focus on mathematical models describing biological
or medical phenomena such as: tumour growth, angiogenesis, interactions between the immune system
and cancer cells, signalling pathways, transition between proliferating and quiescent cell populations.
On the other hand, we will also consider more theoretical problems related to mathematical properties
of delay differential equations including: existence and uniqueness, stability of stationary solutions,
existence and type of bifurcations, and the influence of noise.

From linear feedback loops to distributed delays: application to signalling networks
S. Bernard

MS4-1
11:00

The interplay between delays and stochasticity in tumor modelling
A. d’Onofrio

MS4-2
11:30

A nonlinear renewal equation describing cell population dynamics
P. Getto

MS4-3
12:00

The Hopf bifurcation in simple tumour-growth models with time delay and treatment
M. Bodnar and M. J. Piotrowska

MS4-4
12:30
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From linear feedback loops to distributed delays: application to signalling net- MS4-1
works
11:00
S. Bernard
University of Lyon, Institut Camille Jordan, CNRS, Villeurbanne, France
Mathematical models of signal transductions with feedback loops are studied in terms of signal propagation speed, amplitude and stability. Using a generic ODE system of linear signaling pathways with
nonlinear loops, we find sufficient conditions for the stability of the signal strength. The conditions are
simple and take into account only salient features of the signaling network: the mean signaling propagation time and the relative strengths of the feedback loops. We find examples with pure negative, mixed,
or positive feedback loops from the modeling literature, and generalize design concepts to build stable,
oscillatory or multistable networks.

The interplay between delays and stochasticity in tumor modelling
A. d’Onofrio
European Institute of Oncology, Department of Experimental Oncology, Milan, Italy

MS4-2
11:30

In this talk we shall review some noteworthy examples of the nontrival interplay between delays and
stochasticity - both intenrinisc and extrinsic - in biological processes relevant to tumor dynamics. We
shall mainly focus on angiogenesis and on immunoncology.

A nonlinear renewal equation describing cell population dynamics
P. Getto [1], O. Diekmann [2], and Y. Nakata [3]
[1] Dresden University of Technology, Dresden, Germany
[2] University of Utrecht, Utrecht, Netherlands
[3] University of Szeged, Szeged, Hungary

MS4-3
12:00

I will present a mathematical analysis of an age-structured model for the transitions between proliferating and quiescent cell populations. The model can be formulated as a nonlinear renewal equation. To a
variant of the model recently established well-posedness and linearized stability and Hopf-Bifurcation
results [1] can be applied. For another variant these issues remain open problems.
[1] O. Diekmann, Ph. Getto and M. Gyllenberg, Stability and bifurcation analysis of Volterra functional equations in the light of suns and stars, SIAM J. Math. Anal., 39, 4, 1023 -1069 (2007).

The Hopf bifurcation in simple tumour-growth models with time delay and treat- MS4-4
ment
12:30
M. Bodnar [1], M. J. Piotrowska [1], and U. Foryś [1]
[1] Institute of Applied Mathematics and Mechanics, University of Warsaw, Banacha 2, 02-097, Warsaw, Poland
We study the influence of treatment in simple tumour-growth models: logistic and Gompertz. We
consider models with the delay introduced in two different ways: in the per-capita growth rate and in
the netto growth. First, we compare dynamics of the models considered under the influence of a constant treatment function. Next, we study the existence of a Hopf bifurcation in case of both equations
for some particular critical values of the delays. Additionally, the stability of the resulting limit cycles
is discussed. In this talk we also consider the influence of a pharmacokinetic treatment function with
various periods of drug administration reflecting various treatment protocols.
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Tuesday 11:00 - 13:00

Random walks and stochastic thermodynamics
Organisers: M. Wallin and R. Eichhorn

MS5

Tuesday 11:00 - 13:00
Random walks serve as a fundamental model for describing the stochastic activity in chemical, physical, and biophysical systems. Examples are small systems on the micro- and nano-meter scale, where
thermal fluctuations are omnipresent. Recent developments are characterized by the common idea to extend and generalize concepts from macroscopic equilibrium thermodynamics to the microscopic realm,
typically on the level of single particle trajectories monitored over the entire system evolution. Thermodynamic concepts such as heat, work and entropy production have hence taken a meaning for small,
fluctuating systems. Summarized under the term stochastic thermodynamics, this is a new field of research which is about to radically change our understanding of non-equilibrium processes in physics
and chemistry.

Fluctuations, linear response and currents in out-of equilibrium systems
J. R. Gomez-Solano

MS5-1
11:00

Heat flow in chains driven by thermal noise
H. C. Fogedby

MS5-2
11:30

Anomalous thermodynamics at the micro-scale
R. Eichhorn

MS5-3
12:00

Optimizing the performance of an artificial protein motor
C. Niman

MS5-4
12:30

29

MS5

Random walks and stochastic thermodynamics

Tuesday 11:00 - 13:00

Fluctuations, linear response and currents in out-of equilibrium systems
J. R. Gomez-Solano [1], C. Bechinger [1], A. Petrosyan [2], and S. Ciliberto [2]
[1] 2. Physikalisches Institut, Universitaet Stuttgart, Pfaffenwaldring 57, 70569 Stuttgart, Germany
Max-Planck-Institut fuer Intelligente Systeme, Heisenbergstrasse 3 ,70569 Stuttgart, Germany
[2] Laboratoire de Physique de lENS de Lyon, 46 Allee d’Italie, 69364 Lyon, France

MS5-1
11:00

We present, from an experimental point of view, recent concepts of statistical mechanics for systems
away from thermal equilibrium. We focus on two systems where the mean injected and dissipated energies are of the order of thermal fluctuations: 1) a colloidal particle driven by external non-conservative
forces and 2) a colloidal particle embedded in an aging gel after a temperature quench. We analyze these
experiments in the context of the fluctuation-dissipation theorem and the fluctuation theorem. Finally
we briefly discuss some problems and new directions relevant for experiments on stochastic thermodynamics.

Heat flow in chains driven by thermal noise
H. C. Fogedby [1,2] and A. Imparato [1]
[1] Department of Physics and Astronomy, Aarhus University, Aarhus, Denmark
[2] Niels Bohr Institute, University of Copenhagen, Copenhagen, Denmark

MS5-2
11:30

We consider the large deviation function for a classical harmonic chain composed of N particles driven
at the end points by heat reservoirs, first derived in the quantum regime by Saito and Dhar [1] and in
the classical regime by Saito and Dhar [2] and Kundu et al. [3]. Within a Langevin description we
perform this calculation on the basis of a standard path integral calculation in Fourier space. The cumulant generating function yielding the large deviation function is given in terms of a transmission Greens
function and is consistent with the fluctuation theorem. We find a simple expression for the tails of the
heat distribution which turn out to decay exponentially. We, moreover, consider an extension of a single
particle model suggested by Derrida and Brunet [4] and discuss the two-particle case. We also discuss
the limit for large N and present a closed expression for the cumulant generating function. Finally, we
present a derivation of the fluctuation theorem on the basis of a Fokker-Planck description. This result
is not restricted to the harmonic case but is valid for a general interaction potential between the particles
[5].
[1] Saito and Dhar, PRL 99, 180601 (2007)
[2] Saito and Dhar, PRE 83, 041121 (2011)
[3] Kundu et al. J. Stat. Mech. P03007 (2011)
[4] Derrida and Brunet, Einstein Aujourdhui (EDP Sciences) (2005)
[5] Fogedby and Imparato, J. Stat. Mech. P04005 (2012)

Anomalous thermodynamics at the micro-scale
A. Celani [1,2], S. Bo [2,3,4], R. Eichhorn [4], and E. Aurell [3,5,6]
[1] Physics of Biological Systems, Institut Pasteur and CNRS UMR 3525, 28 rue du docteur Roux,
75015 Paris, France
[2] Systems Biology Unit, Institute for Cancer Research and Treatment, Str. Prov. 142 km 3.95, 10060
Candiolo, Torino, Italy
[3] Dept. Computational Biology, AlbaNova University Centre, KTH - Royal Institute of Technology,
SE-106 91 Stockholm, Sweden
[4] NORDITA, Roslagstullsbacken 23, SE-106 91 Stockholm, Sweden
[5] ACCESS Linnaeus Centre, KTH - Royal Institute of Technolo
Particle motion at the micro-scale is an incessant tug-of-war between thermal fluctuations and applied
forces on one side, and the strong resistance exerted by fluid viscosity on the other. Friction is so
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strong that completely neglecting inertia – the overdamped approximation – gives an excellent effective description of the actual particle mechanics. In sharp contrast with this result, here we show that
the overdamped approximation dramatically fails when thermodynamic quantities such as the entropy
production in the environment is considered, in presence of temperature gradients. In the limit of vanishingly small, yet finite inertia, we find that the entropy production is dominated by an anomalous
contribution that has no counterpart in the overdamped approximation. This phenomenon, that we call
entropic anomaly, is due to a symmetry-breaking that occurs when moving to the small, finite inertia
limit. Strong production of anomalous entropy is traced back to intense sweeps down the temperature
gradient.

MS5-4 Optimizing the performance of an artificial protein motor
12:30 C. Niman and H. Linke
The Nanometer Structure Consortium and Division of Solid State Physics, Lund University, Lund, Sweden
Biomolecular motors are typically studied in a top-down approach, by observing the function, kinetics, and structure of existing motors. Once one has developed a basic understanding of motor function
in this way, it is desirable to test this understanding by attempting to construct a motor from the bottom
up. Of particular interest is the use of proteins as building blocks, like biology. Here we present such
an ongoing approach, the "Tumbleweed", a synthetic protein motor designed to move along a linear
track. [1] This concept uses three discrete ligand-dependent DNA-binding domains to perform rectified
diffusion along a synthesized DNA molecule. I will present the motor concept and give an overview on
its experimental realization. Then, I will focus on modelling efforts that were used to understand the
expected motor performance, and to guide its optimization.
[1] B. Bromley, N. Kuwada, M. Zuckermann, R. Donadini, L. Samii, G. Blab, G. Gemmen, B.
Lopez, P. Curmi, N. R. Forde, D. N. Woolfson, and H. Linke, The Tumbleweed: Towards a synthetic
protein motor. HFSP J. 3, 204 (2009).
[2] N. Kuwada, G. Blab, and H. Linke, A Master equation approach to modeling an artificial protein
motor arxiv.org/abs/1004.1114, accepted by J. Chem. Phys. (2010).
[3] Kuwada et al. Tuning the performance of an artificial protein motor. Phys Rev E (2011) vol. 84
(3) pp. 031922

32

MS6

Chimera states

Tuesday 11:00 - 13:00

Chimera states
Organisers: E. Schöll and Y. Maistrenko

MS6

Tuesday 11:00 - 13:00
Chimera states are remarkable spatio-temporal patterns in networks of identical oscillators, where part
of the oscillators are mutually synchronized, while others remain desynchronized. Being discovered
ten years ago by Kuramoto and Battogtokh, chimera states have attracted a lot of attention recently
as a new paradigm for the emergence of partially coherent dynamical structures in nonlocally coupled
networks. This type of behavior can serve as a prototype for various physical and biological systems on
the transition from complete coherence to complete incoherence, e.g., turbulent-laminar flows in fluids
or "bump" states in neuroscience.
The goal of the minisymposium to present different aspects of current studies on chimera states, including analytical and numerical techniques, one- and two-dimensional chimeras, spatially discrete and
spatially continuous media with different coupling topologies, as well as bifurcation scenarios leading to
the appearance of chimera states and their collapse, and possibilities of their realization in experiment.

Chimera states for repulsively coupled phase oscillators
Yu. Maistrenko

MS6-1
11:00

Chimeras in random non-complete networks of phase oscillators
C. R. Laing

MS6-2
11:30

Coherence-incoherence patterns in systems of nonlocally coupled phase oscillators
O. E. Omelchenko

MS6-3
12:00

Realization of chimera states in a network of mechanical oscillators
E. A. Martens

MS6-4
12:30
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Chimera states for repulsively coupled phase oscillators
Yu. Maistrenko
Institute of Mathematics and Centre for Medical and Biotechnical Research, National Academy of Sciences of Ukraine, Kiev, Ukraine

MS6-1
11:00

Coupled phase oscillators serve as paradigmatic models of dynamical networks in physics, biology
other fields. Even if the oscillators are identical and the coupling scheme is fully symmetric they can
demonstrate surprising variety of complex collective behaviors – ranging from phase and frequency
clustering to developed space-temporal chaos. A characteristic example is given by chimera states for
an non-locally coupled Kuramoto-type model, where a part of the oscillators creates a frequency cluster
but the others remain non-clustered at all. We report the appearance of the chimera states and other
types of frequency clustering for a network of repulsively coupled phase oscillators. We show that, depending on the coupling radius and the level of coupling repulsivity the network dynamics can be much
more complicated compare to the model with attractive coupling. In particular, the chimera states exist
in a wide region of the parameter space and they manifest themselves as a cascade of the states with
increasing number of the regions of irregularity.

Chimeras in random non-complete networks of phase oscillators
C. R. Laing [1], K. Rajendran [2], and I. G. Kevrekidis [2]
[1] Massey University, Auckland, New Zealand
[2] Princeton University, Princeton, NJ, USA

MS6-2
11:30

We consider the simplest network of coupled non-identical phase oscillators capable of displaying a
“chimera” state (namely, two subnetworks with strong coupling within the subnetworks and weaker
coupling between them) and systematically investigate the effects of gradually removing connections
within the network, in a random but systematically specified way. We average over ensembles of networks with the same random connectivity but different intrinsic oscillator frequencies and derive ODEs
whose fixed points describe a typical chimera state in a representative network of phase oscillators.
Following these fixed points as parameters are varied we find that chimera states are quite sensitive to
such random removals of connections, and that oscillations of chimera states can be either created or
supressed in apparent bifurcation points, depending on exactly how the connections are gradually removed.

Coherence-incoherence patterns in systems of nonlocally coupled phase
oscillators
O. E. Omelchenko
Weierstrass Institute, Berlin, Germany
In this talk, we will present a general theoretical approach for studying spatially intermittent patterns
of regions with coherent and incoherent motions, which are typically observed in systems of nonlocally
coupled phase oscillators. We will focus on the bifurcations that lead to the emergence of such patterns
and will discuss their dynamical stability. Our approach is based on the Ott-Antonsen reduction method
and the concept of local mean field. It provides a suitable classification of known coherence-incoherence
patterns and has the potential of predicting new ones.
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MS6-4 Realization of chimera states in a network of mechanical oscillators
12:30 E. A. Martens [1,2], S. Thutupalli [1,3], A. Fourrière [1], and O. Hallatschek [1]
[1] Max Planck Institute for Dynamics and Self-Organization (MPIDS), Göttingen, Germany
[2] Technical University of Denmark, Kgs. Lyngby, Denmark
[3] Princeton University, New Jersey, USA
About ten years ago, a peculiar state was predicted by Kuramoto and his co-workers [1]: they studied
a network of nonlocally coupled oscillators, i.e., oscillators that are coupled with a strength attenuating
with distance, and discovered a state where synchronous and asynchronous oscillators co-exist, even
though the oscillators are identical. Due to its incongruous nature, this surprising phenomenon was later
dubbed as a chimera state, alluding to the ancient Greek monster with the same name. Since then, numerous theoretical studies have been carried out to study the emergence of this state in various network
topologies [2,3,7,8], different oscillator systems [2,4,5,9], its stability [6,8,9,10,11] and bifurcation behavior [3,7,8]. Here, we discuss a first mechanical realization of chimera states in an experiment with
two coupled populations of mechanical oscillators [11]. Our setup mimics the topology studied previously by Abrams et al. [3] and Laing [4], where each population of oscillators is strongly coupled with
itself, but with lesser strength with the neighboring population (thus constituting the simplest discretized
version of nonlocal coupling). By variation of the oscillation frequency and the inter-population coupling strength, we establish a phase diagram for chimeras. Further, we compare our experimental results
with a mathematical model, which allows to study the nature of the chimera state in a physical context
and is analyzed in more detail [12].
[1] Kuramoto, Y., and Battogtokh, D.: Coexistence of Coherence and Incoherence in Nonlocally
Coupled Phase Oscillator, Nonl. Phen. in Complex Systems, 4, (2002).
[2] Shima, S. I., and Kuramoto, Y.: Rotating spiral waves with phase-randomized core in nonlocally
coupled oscillators, Phys. Rev. E, 69, (2004).
[3] Abrams, D. M., Mirollo, R., Strogatz, S. H., and Wiley, D. A.: Solvable model for chimera states
of coupled oscillators, Phys. Rev. Lett., 101, (2008).
[4] Laing, C.: Chimeras in networks of planar oscillators. Phys. Rev. E, 81(6), (2010)
[5] Omel’chenko, O. E., Maistrenko, Y. L., and Tass, P. A.: Chimera states: The natural link between
coherence and incoherence, Phys. Rev. Lett., 100(4), (2008).
[6] Omelchenko, I., Maistrenko, Y. L., Hövel, P., Schöll, E.: Loss of Coherence in Dynamical
Networks: Spatial Chaos and Chimera States, Phys. Rev. Lett. 106, (2011).
[7] Martens, E. A., Laing, C. R., and Strogatz, S. H.: Solvable Model of Spiral Wave Chimeras,
Phys. Rev. Lett. 104(4), (2010)
[8] Martens, E. A. (2010). Bistable Chimera Attractors on a Triangular Network of Oscillator Populations. Phys. Rev. E, 82, (2010).
[9] Wolfrum, M., Omel’chenko, O. E., Yanchuk, S., and Maistrenko, Y. L., Spectral Properties of
Chimera States, Chaos, 21(1), (2011).
[10] Bordyugov, G., Pikovsky, A., and Rosenblum, M.: Self-Emerging and Turbulent Chimeras in
Oscillator Chains, Phys. Rev. E (2010).
[11] Pikovsky, A., and Rosenblum, M. Partially integrable dynamics of hierarchical populations of
coupled oscillators. Phys. Rev. Lett, 101, (2008).
[12] Martens, E. A., Thutupalli, S., Fourrière, A., Hallatschek, O., (in preparation).
[13] Martens, E. A., et al., (in preparation).
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Polymer additives have remarkable effects on turbulent flows: in wall-bounded flows they lead to the
dramatic phenomenon of drag reduction; in homogeneous, isotropic turbulence they give rise to dissipation reduction, a modification of the energy spectrum, and a suppression of structures at small length
scales. These effects have been studied in a variety of experiments and direct numerical simulations
since the discovery of drag reduction by polymer additives by Toms in 1949. The Minisymposium on
Fluid Turbulence with Polymer Additives will consist of four talks that cover some recent experimental and numerical studies in this area. The first talk, by Victor Steinberg, will deal with the onset and
universality of turbulent drag reduction in a von Karman swirling flow; the second talk by, Dhrubaditya
Mitra, will be devoted to polymer stretching in channel flows; in the third talk Bjorn Hof will discuss
the maximum drag reduction asymptote; and in the last talk Rahul Pandit will cover two-dimensional,
homogeneous, isotropic turbulence with polymer additives.

Onset and universality of turbulent drag reduction in von Karman swirling flow
V. Steinberg

MS7-1
11:00

Polymer stretching in channel flows
D. Mitra

MS7-2
11:30

The maximum drag-reduction asymptote
B. Hof

MS7-3
12:00

Two-dimensional, homogeneous, isotropic fluid turbulence with polymer additives
R. Pandit

MS7-4
12:30

37

MS7

Fluid turbulence with polymer additives

Tuesday 11:00 - 13:00

Onset and universality of turbulent drag reduction in von Karman swirling flow
V. Steinberg and Yu. Burnishev
Department of Physics of Complex Systems, Weizmann Institute of Science, Rehovot, 76100 Israel

MS7-1
11:00

We report the results of experiments in swirling flow of water and water-sucrose polymer solutions,
where Re and Wi, which characterizes the degree of polymer stretching, as well as polymer concentration φ are varied independently. Normalized average torque Γ and rms pressure fluctuations prms
for different Wi and φ versus Re/Rec collapse onto universal curves, where Rec is the value at a drag
reduction (DR) onset. The transition lines to the DR state, Rec − El and Rec − φ, are measured with
scaling exponents differ from the predicted ones, where El = Wi/Re. Power spectra for Γ and p at
Re/Rec > 1 show drastic reduce of low frequency noise and emergence of peak corresponding to vortex frequency.

Polymer stretching in channel flows

MS7-2
11:30

D. Mitra
NORDITA, Stockholm, Sweden
We present direct numerical simulations (DNSs) of turbulent channel flow with passive Lagrangian
polymers. To understand the polymer behavior we investigate the behavior of infinitesimal line elements and calculate, for the first time, the PDF of finite-time Lyapunov exponents and from them the
corresponding Cramer’s function for the channel flow. We study the statistics of polymer elongation for
both the Oldroyd-B model (for Weissenberg number Wi < 1 ) and the FENE model.
For linear polymers (Oldroyd-B model), with Wi < 1, we find that the PDF of polymer extensions
shows power-law behavior with an exponent consistents with earlier analytical results.
For Wi > 1 (FENE model) the polymer are significantly more stretched near the wall than at the
centre of the flow. Furthermore near the wall the polymers show a strong tendency to orient along the
stream-wise direction of the flow but near the centerline the statistics of orientation of the polymers is
consistent with analogous results obtained for homogeneous and isotropic turbulent flows.

The maximum drag-reduction asymptote
B. Hof [1], D. Samanta [1,2], Y. Dubief [3], M. Holzner [1,4], C. Schaefer [2], and C. Wagner [2]
[1] Max Planck Institute for Dynamics and Self-Organization, Goettingen, Germany
[2] Saarland University, Saarbruecken, Germany
[3] University of Vermont, Burlington, USA
[4] ETH Zürich, Switzerland
The drag of turbulent flows can be substantially reduced by addition of small amounts of long chain
polymers. The drag reduction at first is proportional to the polymer concentration but eventually approaches an asymptotic limit the so called maximum drag reduction (MDR) asymptote. It is commonly
believed that this asymptote simply results from an adjustment of ordinary turbulence due to the action
of the polymers. We here present experimental results of turbulent pipe flows using dilute polyacrylamid solutions at relatively large Weisenberg numbers (∼ 10). Our results show that for relatively low
polymer concentrations transition to turbulence is postponed to higher Reynolds numbers. However
when the Weisenberg number is increased further we find that the subcritical transition to turbulence,
typical for Newtonian pipe flow disappears. Instead an inertio-elastic instability is found at much lower
Reynolds numbers which gives rise to a disordered flow. The drag of this new state of fluid motion is
identical to the well known MDR asymptote.
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MS7-4 Two-dimensional, homogeneous, isotropic fluid turbulence with polymer addi12:30 tives
R. Pandit [1], A. Gupta [1], and P. Perlekar [2]
[1] Centre for Condensed Matter Theory, Department of Physics, Indian Institute of Science, Bangalore
560012, India
[2] Department of Physics, and Department of Mathematics and Computer Science, Technische Universiteit Eindhoven, Eindhoven, The Netherlands
We present the most extensive direct numerical simulations, attempted so far, of statistically steady,
homogeneous, isotropic turbulence in two-dimensional fluid films with air-drag-induced friction and
with polymer additives. Our study reveals that the polymers (a) reduce the total fluid energy, enstrophy,
and palinstrophy, (b) modify the fluid energy spectrum both in inverse- and forward-cascade regimes, (c)
reduce small-scale intermittency, (d) suppress regions of large vorticity and strain rate, and (e) stretch in
strain-dominated regions. We compare our results with the earlier experimental and numerical studies
and we propose new experiments.
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Biological populations evolve through a complex interplay of deterministic selective forces and random
effects due to mutation, genetic drift and recombination. Theoretical population genetics aims to explore
the dynamical patterns that emerge from this interplay and to advance the quantitative understanding of
evolutionary processes in the field as well as in the laboratory. The speakers in this minisymposium will
discuss recent key developments in the area, representing experimental as well as theoretical approaches,
and covering a wide range of systems from single bacterial enzymes to human disease.

Evolutionary constraints and predictability of mutational pathways
J. Krug

MS8-1
11:00

Exploring the evolvability of an antibiotic resistance enzyme
A. D. Visser

MS8-2
11:30

Gradualism and jumps in the spreading of evolutionary novelties
O. Hallatschek

MS8-3
12:00

The accumulation of mutations in the somatic evolution of blood diseases
A. Traulsen

MS8-4
12:30
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Evolutionary constraints and predictability of mutational pathways
J. Krug
Institute for Theoretical Physics, University of Cologne, Köln, Germany

MS8-1
11:00

Evolutionary adaptations arise from an intricate interplay of deterministic selective forces and random
reproductive or mutational events, and the relative roles of these two types of influences is the subject of
a long-standing controversy. In general, the predictability of adaptive trajectories depends on the genetic
constraints imposed by epistatic interactions as well as on parameters such as population size, mutation
rate and the distribution of selection coefficients of beneficial mutations. Here I report on recent results
pertaining to two aspects of this problem. First, I show that heavy-tailed distributions of selection coefficients imply a dramatic increase of predictability for single steps of adaptation, because fixation of the
mutation of largest effect becomes overwhelmingly likely. Second, I describe extensive simulations of
asexual adaptation on an empirically determined fitness landscape, which show that, contrary to common wisdom, the predictability of trajectories and endpoints depends non-monotonically on population
size.

Exploring the evolvability of an antibiotic resistance enzyme
M. Salverda [1], M. Schenk [1,2], I. Szendro [3], J. Krug [3], and A. D. Visser [1]
[1] Laboratory of Genetics, Wageningen University, Wageningen, Netherlands
[2] Institute for Genetics, University of Cologne, Cologne, Germany
[3] Institute for Theoretical Physics, University of Cologne, Cologne, Germany

MS8-2
11:30

For a quantitative understanding of the process of adaptation, we need to understand its ’raw material’,
that is the properties of beneficial mutations. In my talk, I will focus on two properties in particular,
the frequency distribution of fitness effects of beneficial mutations and their epistatic interactions, and
how these determine the pathway and outcome of evolution. In the experiments that I will present, we
study the in vitro evolution of the enzyme TEM-1 β-lactamase, a notorious determinant of antibiotic resistance in bacteria. First, we use this enzyme to quantify its short-term evolvability, i.e. the frequency
of beneficial mutations for specificity to a new antibiotic, as well as the distribution of their effects on
resistance and fitness. We find that at least 3.4 of all possible base-pair mutations are beneficial, and
that their effects follow a Fréchet-type distribution with a broad tail, which increases the likelihood of
parallel evolution. Second, we study its evolvability over multiple rounds of mutation and selection. We
find that epistasis among early mutations directs the mutational pathway that is taken, and that small
populations sometimes reach higher levels of resistance than large populations. The latter result shows
the important role of drift for long-term evolvability.

Gradualism and jumps in the spreading of evolutionary novelties
O. Hallatschek [1] and D. S. Fisher [2]
[1] Biophysics and Evolutionary Dynamics Group, MPI for Dynamics and Self-Organization, Goettingen, Germany
[2] Department of Applied Physics, Stanford University, Stanford, CA 94305, USA
The spreading of evolutionary novelties across populations is a central element in the process of adaptation. Unless population are well-mixed (like bacteria in a shaken test tube), the spreading dynamics
not only depends on fitness but also on the dispersal behavior of the species. Spreading at a constant
speed is generally predicted when dispersal is sufficiently short-range. However, the case of long-range
dispersal is unresolved: While it is clear that even rare long-range jumps can drastically speed up the
spreading process, it is not clear by just how much. We present a simple self-consistent theory supported
by simulations that accurately predicts the asymptotic spreading dynamics. In contrast to prior claims
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of exponential growth, we find that growth is either according to a power-law or a stretched exponential,
depending on the dispersal kernel. We also find that the actual fitness advantage of the mutants can
have a surprisingly small impact on the spreading velocity. This questions the common believe that
the speed of a selective sweep is a direct measure for the selective advantage of the spreading variant.
The simplicity of our model, which lacks any complex interactions between individuals, suggests that
our results might be generally applicable to a wide-range of spreading processes, such as epidemics or
information transmission across neural networks.

MS8-4 The accumulation of mutations in the somatic evolution of blood diseases
12:30 A. Traulsen
Max-Planck Institute for Evolutionary Biology, 24306 Plön, Germany
Hematopoiesis is a process that is based on a hierarchical organization of cell types, with stem cells
that differentiate into more specialized cells at the very basis. This hierarchical structure has important
effects on the somatic evolution of cancers. For example, many mutations do not give rise to any disease
at all, although these mutations are typically associated with diseases. The fate of any mutant clone will
depend on the target cell and on the fitness advantage that the mutation confers on the cell. In general,
we can expect that only a mutation in primitive cells can give rise to long-term disease. Stochastic effects can be crucial for the disease dynamics, in particular in the initial stages. The average dynamics of
mutant clones in this hierarchical process can be described by differential equations that are analytically
solvable. Based on such a general model, we can address particular diseases, such as chronic myeloid
leukemia.
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Low-dimensional system properties can contain imprecise information due to inherent noise or due to
limited experimental or numerical accuracy. The missing numerical accuracy might come from lifting
errors in the process of repeatedly changing levels in equation-free computations. Further origins of the
imprecise information are experimental measurement errors or the inherent noise in stochastic systems
and its influence on the qualitative behaviour. To obtain reliable information regarding the bifurcation
structure, it is of great importance to develop suitable mathematical methods. This minisymposium
tackles the question of how to deal with this problem from different points of view.

Weighted lifting in coarse-grained bifurcation analysis of agent-based models
D. Avitabile

MS9-1
11:00

Almost invariant slow manifolds
K. U. Kristiansen

MS9-2
11:30

Equation-free bifurcation analysis of learning behaviour in a neural network
C. Marschler

MS9-3
12:00

Simplified schemes for tracking unstable periodic orbits and equilibria in experiments
J. Sieber

MS9-4
12:30
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Weighted lifting in coarse-grained bifurcation analysis of agent-based models
D. Avitabile [1] and G. Samaey [2]
[1] School of Mathematical Sciences, University of Nottingham, UK
[2] Numerical Analysis and Applied Mathematics, Department of Computer Science, KU Leuven, Leuven, Belgium

MS9-1
11:00

We will discuss the application of coarse-grained bifurcation analysis techniques to sociological agentbased models of opinion formation and vendor lock-in. In these models, the microscopic variables are
typically integers representing discrete states of the system, whereas macroscopic variables are often real
fields, representing densities or ensemble averages. Equation-free techniques for these types of models
are severely affected by noise, leading to bad convergence properties of the Newton-Krylov solver. We
will introduce a lifting strategy, based on a set of precomputed weights, which requires the solution of a
minimisation problem at each continuation step. We will then present numerical experiments featuring
increased convergence properties of the stochastic root-finder, as well as a much more accurate estimation of Jacobian-vector products. We apply weighted lifting to a model of vendor lock-in, explaining
global polarisations in terms of a coarse pitchfork bifurcation and comparing numerical results with an
approximate mean-field description of the system.

Almost invariant slow manifolds
K. U. Kristiansen [1], C. Wulff [2], M. Brøns [1], and J. Starke [1]
[1] Department of Mathematics,Technical University of Denmark, Kgs Lyngby, Denmark
[2] Department of Mathematics, University of Surrey, Guildford, UK

MS9-2
11:30

The identification of slow manifolds in slow-fast systems provides a method for dimension reduction,
in which the fast variables are slaved to the slow ones. Another advantage is improved initialization
from imperfect data. Pushing initial conditions onto the slow manifold reduces unwanted rapid oscillations in numerical integrations. This requires accurate slow manifolds, but ideally also accurate fiber
projections. In the first part of my talk, I will present some joint work with Claudia Wulff on accurate
slow manifolds, in particular focusing on normally elliptic ones in Hamiltonian systems. As opposed to
averaging, our method guarantees that the slow manifold includes true equilibria, and it works for any
number of fast degrees of freedom. We only assume that the frozen limit system is indeed fast. In the
second part, I will present an add-on to our method so that the fiber projections are also approximated.
I will demonstrate the results on examples and compare the methods with alternatives.

Equation-free bifurcation analysis of learning behaviour in a neural network
C. Marschler [1], J. Starke [1], and J. L. V. Hemmen [2]
[1] Technical University of Denmark, Department of Mathematics
[2] Technical University of Munich, Physics Department
We use an equation-free approach [1] to study the learning process of the barn owl’s auditory system.
On the high-dimensional synaptic level [2], the dynamics is known. But after many learning sessions,
the synaptic weight matrix shows characteristic patterns on a coarse level. These patterns can be described by a low-dimensional quantity. We investigate the influence of the so-called learning window on
the pattern-formation process by performing an equation-free bifurcation analysis. Because of inherent
noise in the neuron dynamics and lifting errors, the coarse variable shows noisy behaviour. This noise is
amplified in (higher-order) derivatives and complicates the numerical continuation and determination of
bifurcations. On one hand, we present an equation-free continuation of a stable branch using the falseposition method, avoiding the computation of first derivatives required, e.g., in a Newton algorithm. On
the other hand, several techniques to reduce the noise in derivatives close to other stationary branches,
where the false position method cannot be applied, are presented. Using these low-noise derivatives,
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the existence of a bifurcation point is shown and the type of bifurcation is classified within the given
numerical error tolerance.
[1] Kevrekidis, Ioannis G. and Samaey, Giovanni, Equation-Free Multi-scale Computation: Algorithms and Applications, Annual Review of Physical Chemistry, 2009, 60, 321-344.
[2] Kempter, Richard and Leibold, Christian and Wagner, Hermann and van Hemmen, J. Leo, Formation of temporal-feature maps by axonal propagation of synaptic learning, Proceedings of the National Academy of Sciences, 2001, 98, 4166-4171.

MS9-4 Simplified schemes for tracking unstable periodic orbits and equilibria in experi12:30 ments
J. Sieber
University of Exeter, Exeter, UK
Certain types of feedback control have received attention in the nonlinear dynamics community, because they are non-invasive. That is, they change the stability of a periodic orbit (or equilibrium) of a
dynamical system without requiring knowledge of its shape or location. This permits experimenters to
track and study branches of periodic orbits and their bifurcations (for example) regardless of their dynamic stability. The most well-known types of non-invasive feedback control are Pyragas control (also
called time-delayed feedback control) for periodic orbits or wash-out filters for equilibria. For a general stabilizing feedback control input, the condition "control input equals zero" is a nonlinear equation
for the control reference signal (which is an additional parameter introduced as part of the control). In
general, one can solve this nonlinear equation with a Newton iteration to make every feedback control
non-invasive. I will discuss one case where a Newton iteration is not necessary if one is only interested
in tracking unstable branches of periodic orbits or equilibria. This simplification is possible whenever
the feedback control enters the experiment at the same input as the bifurcation parameter(s) and one has
constant or harmonic forcing.
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Dynamics of coupled-cell systems inspired by real-world networks
Organisers: M. A. D. Aguiar and A. P. S. Dias

MS10

Wednesday 11:00 - 13:00
Coupled-cell systems are formed by interacting individual dynamical systems (the cells). The network
associated with a coupled-cell system codifies information concerning the types of cells and the interactions involved. Coupled-cell networks are a natural tool for the mathematical modeling of a wide range
of problems in fields such as biology, physics, economics, and social sciences, among others. For pure
and applied scientists it is a challenge to understand the interplay between the structure of the network
and the dynamics of coupled-cell systems. Real-world networks pose challenges for mathematicians. In
particular, phenomena that would be nongeneric in an arbitrary dynamical system can become generic
when constrained by a particular network topology. This minisymposium will focus on recent theoretical developments on the dynamics of coupled cell systems inspired by real-world applications.

Spectrum of the elimination of loops and multiple arrows in coupled-cell networks
C. S. Moreira

MS10-1
11:00

Dynamics, asynchrony and adaptivity in (large) networks of discrete dynamical systems
M. Field

MS10-2
11:30

A degree theory for coupled-cell systems with quotient symmetries
H. Ruan

MS10-3
12:00

Evolution of synchrony in a combination of coupled-cell networks
M. A. D. Aguiar

MS10-4
12:30
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Spectrum of the elimination of loops and multiple arrows in coupled-cell networks MS10-1
11:00

A. P. S. Dias [1,2] and C. S. Moreira [1]
[1] CMUP - Centre of Mathematics of University of Porto, Porto, Portugal [2] Faculdade de Ciências
da Universidade do Porto, Porto, Portugal

It is known that any network with loops or multiple arrows is a quotient of a bigger network where all arrows are single and loops do not occur [I. Stewart, “Elimination of multiple arrows and self-connections
in coupled cell networks”, Internat. J. Bif. Chaos 17 (2007) 99-106]. A uniform lift of a given network
is a network with no loops and no multiple arrows that admits the first network as quotient. Given a regular network (in which all cells have the same type and receive the same number of inputs and all arrows
have the same type) with loops or multiple arrows, we prove that it is always possible to construct a uniform lift whose adjacency matrix has only two possible eigenvalues, namely, 0 and -1, in addition to all
eigenvalues of the initial network adjacency matrix. Moreover, this uniform lift has the minimal number
of cells over all uniform lifts. We also prove that if a non-vanishing eigenvalue of the initial adjacency
matrix is fixed then it is always possible to construct a uniform lift that preserves the number of eigenvalues with the same real part of that eigenvalue. Finally, for the eigenvalue zero we show that such a
construction is not always possible proving that there are networks with multiple arrows whose uniform
lifts all have the eigenvalue 0, in addition to all eigenvalues of the initial network adjacency matrix. This
work is motivated by a question raised by Stewart and Golubitsky [“Synchrony-breaking bifurcation at
a simple real eigenvalue for regular networks I: 1-dimensional cells”, SIAM J. Appl. Dynam. Sys. 10
(4) (2011) 1404-1442], about whether it is possible to study a degenerate bifurcation arising in a system
whose network has multiple arrows as a bifurcation of a bigger system whose network has only single
arrows. Using the concept of ODE-equivalence, we prove that the answer to this question is positive.

Dynamics, asynchrony and adaptivity in (large) networks of discrete dynamical MS10-2
systems
11:30
M. Field [1,2]
[1] University of Houston, Texas, USA
[2] University of Exeter, Exeter, UK
We describe recent work and results on the dynamics of coupled adaptive networks of discrete dynamical systems. The type of adaptivity used is inspired by (mainly multiplicative) Spike-Timing Dependent
Plasticity (STDP) from Neuroscience. We also indicate results for a network architecture based on a
mix of asynchronous and sysnchronous dynamics.

A degree theory for coupled-cell systems with quotient symmetries
H. Ruan
University of Hamburg, Hamburg, Germany
We introduce a topological degree theory for the study of Hopf bifurcations in coupled cell systems
whose amp;quotient systems (obtained by restricting the system to its flow-invariant subspaces) possess
various symmetries. To describe the structure of these quotient symmetries, we introduce the concept
of a representation lattice, which is defined as a lattice of representation spaces of (different) symmetry groups that satisfy a compatibility and a consistence condition. Based on the (twisted) equivariant
degree, we define a lattice equivariant degree for maps that are compatible with respect to this representation lattice structure. We apply the lattice equivariant degree to study a synchrony-breaking Hopfbifurcation problem in (homogeneous) coupled-cell systems and obtain a topological classification of
all bifurcating branches of oscillating solutions according to their synchrony types and their symmetric
properties.
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MS10-4 Evolution of synchrony in a combination of coupled-cell networks
12:30 M. A. D. Aguiar [1] and H. Ruan [2]
[1] Faculty of Economics, Center of Mathematics, University of Porto, Porto, Portugal
[2] University of Hamburg, Hamburg, Germany
A natural way of modeling large coupled-cell networks is to combine smaller networks through binary
network operations. I will consider the joining and coalescence of networks and examine the evolution
of the lattice of synchrony subspaces under these operations. Based on the classification results presented, I will give examples showing how the lattice of synchrony subspaces of the combined network
can be reconstructed using the initial ones. Also, I will show how those classification results can be
applied to analyze the evolutionary fitness of synchrony patterns.
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Coherent structures and spatial patterns in transitional turbulence MS11
Organiser: T. Schneider
Wednesday 11:00 - 13:00
When shear flows become turbulent spatial structure on multiple scales emerge in the chaotically fluctuating flow. On small scales spatially coherent flow structures such as near-wall vortices dominate
and on larger scales turbulent regions typically coexist with laminar regions giving rise to fluctuating
laminar-turbulent patterns and intermittency not unlike the dynamics of equilibrium systems close to a
phase transition. Though studied for a long time, these features remain to be fully understood. We will
therefore review current high-precision experiments in different geometries as well as discuss theoretical approaches to rationalize the observed spatio-temporal features and their relation to coherent flow
structures. Those approaches include statistical descriptions aiming at a non-equilibrium generalization
of phase transitions and the extension of the emerging dynamical systems view of turbulence to capture
spatial features in addition to the temporal dynamics.

Transition to turbulence in channel flows
J. E. Wesfreid

MS11-1
11:00

Exact coherent structures in 2D and 3D turbulence experiments
M. F. Schatz

MS11-2
11:30

Spatio-temporal intermittency in shear flows
M. Avila

MS11-3
12:00

From Swift-Hohenberg to Navier-Stokes: homoclinic snaking in plane Couette flow
T. M. Schneider

MS11-4
12:30
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Transition to turbulence in channel flows
J. E. Wesfreid , G. Lemoult , and J-L. Aider
PMMH (ESPCI-CNRS) 10, rue Vauquelin 75005, Paris, France

MS11-1
11:00

Since the pioneering work of Sir O. Reynolds in 1883, there is still no satisfying explanation of the
transition to turbulence in shear flows. It remains one of the most fundamental and practical problem still unsolved in fluid mechanics. Different nonlinear models for subcritical transition to turbulence
have been proposed during the last years. Most are Galerkin truncations and reduced variable dimension
models of the full Navier-Stokes equations or phenomenological amplitude equations, for the amplitude
of the fluctuations. Recent models are based on coupled amplitude equations for a local variable as the
transversal turbulent roll fluctuation (q) and a global variable as the centreline velocity (u), which is the
measure of the mean flow distortion. The importance of the deformation of the mean velocity profile
has been highlighted by G. Lemoult et al., Phys. Rev. E, 85, 025303 (2012).
Experiments on the subcritical transition to the turbulence are carried out in a plane Poiseuille flow,
perturbed by controlled jet normal to the wall. For different values of Reynolds number Re and different amplitude of the perturbation , different states are observed, from laminar to turbulent state. Using
Particle Image Velocimetry, we study the dynamics of the fluctuations of the transverse velocity component q and, simultaneously, the deformation of the mean velocity profile . We discuss the evolution
in the phase space of those variables as a function of the amplitude of the perturbation and compare it
to predictions made using low dimensional models. In addition, we perform a full observation of the
velocity field in a plane normal to the streamwise direction and in an plane parallel to the wall. This
observations allow us to identify the inner structure of a

Exact coherent structures in 2D and 3D turbulence experiments
D. Borrero-Echeverry [1], R. Mitchell [1], B. Suri [1], J. Tithoff [1], R. O. Grigoriev [1], D. Webster [2],
and M. F. Schatz [1]
[1] Center for Nonlinear Science and School of Physics, Georgia Institute of Technology, USA
[2] School of Civil and Environmental Engineering, Georgia Institute of Technology, USA
Recent theoretical advances suggest ways to find unstable exact solutions to Navier-Stokes that capture many features of coherent structures, which have long been observed in turbulent flow. At present,
experimental observations of these solutions, termed Exact Coherent Structures (ECS), are scarce. We
will describe efforts to search for ECS in a thin fluid layer driven electromagnetically. Under suitable
experimental geometries, the base flow approximates Kolmogorov flow (2D spatially-sinusoidal shear
bands) with increasing current, the base flow undergoes a sequence of bifurcations leading to weak,
quasi-2D turbulence. A 2D Navier-Stokes model has been constructed to match closely the conditions
of the experiments a number of ECS (equilibria and periodic orbits) have been identified in the model.
We will discuss the current status of experimental searches for ECS that match those predicted by the
model. In separate experiments, efforts are underway to search for 3D ECS in turbulent Taylor-Couette
flow driven by rotation of the outer cylinder. We will describe preliminary results of attempts to measure ECS in Taylor-Couette by applying controlled disturbances and measuring velocity fields using
time-resolved 3D tomographic PIV.
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MS11-3 Spatio-temporal intermittency in shear flows
12:00 M. Avila [1], L. Shi [2], and B. Hof [2]
[1] Friedrich-Alexander-Universität Erlangen-Nürnberg, Erlangen, Germany
[2] Max-Planck-Institut für Dynamik und Selbstorganisation, Göttingen, Germany
In shear flows such as pipe, channel and boundary layer flows turbulence occurs first in the form of
localized spots delimited by laminar fluid. These spots exhibit complicated dynamics and can relaminarize, merge or nucleate new ones, giving rise to large-scale laminar-turbulent patterns. In this talk
I will (i) review recent results concerning the transition to self-sustained turbulence in pipe and plane
Couette flows and (ii) discuss the relationship to phase transitions, and in particular, to directed percolation. Finally, I will consider the transition from laminar-turbulent patterns to fully turbulent flow as the
Reynolds number is further increased.

MS11-4 From Swift-Hohenberg to Navier-Stokes: homoclinic snaking in plane Couette
12:30 flow
T. M. Schneider
Max Planck Institute for Dynamics and Self-Organization, Göttingen, Germany
Locally perturbing a parallel shear flow induces a spatially localized patch of turbulence that slowly invades the surrounding laminar flow. Though spatio-temporal patterns such as these turbulent spots play
a crucial role in transitional flows, the mechanism which gives rise to the observed localized structures
is not well understood. We will present the first evidence that a well-developed theory of a localized
pattern in simpler PDE models carries over to Navier-Stokes flow and allows to capture the observed
patterns. Specifically, we will demonstrate the existence of a new class of exact equilibrium and traveling wave solutions to the full Navier-Stokes equations. Those solutions share the topology of periodic
solutions previously shown to play key roles in the transition to turbulence and turbulent dynamics itself
but are localized in space. Solutions of different size are organized in a snakes-and-ladders structure
strikingly similar to that observed in simpler pattern-forming PDE systems. These localized solutions
are a step towards extending the emerging dynamical systems view of transitional turbulence to spatially
extended flows and uncovering the mechanisms underlying spatio-temporal turbulent patterns.
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Particles and droplets in turbulence
Organiser: J. R. Angilella

MS12

Wednesday 15:15 - 17:15
This minisymposium is devoted to the dynamics of finite-size particles in turbulent flows. It is complementary to MS19 which discusses the growth and collision of water droplets in clouds, as well as
inertial-particle clustering. Here, the effect of particle inertia on dispersion and turbophoresis will be
discussed. Recent advances involving kinematic simulations or statistical models will be presented. In
addition, the complex orientational dynamics of non-spherical particles, with or without inertia, will be
investigated.

Rotation of triaxial particles in shear and strain: from Jeffery orbits and alignment to oscillations
and chaos
F. Lundell

MS12-1
15:15

Particle drift and diffusion in inhomogeneous turbulence
M. Reeks

MS12-2
15:45

On the complex orientation of flat triaxial objects in shear flows.
J. R. Angilella

MS12-3
16:15

Vertical motions of heavy inertial particles in strongly stratified turbulence
F. C. G. A. Nicolleau

MS12-4
16:45
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Rotation of triaxial particles in shear and strain: from Jeffery orbits and align- MS12-1
ment to oscillations and chaos
15:15
F. Lundell
Linné FLOW Centre and Wallenberg Wood Science Centre, KTH Mechanics, Royal Institute of Technology, 100 44 Stockholm, Sweden
The rotation of non-spherical particles is a cornerstone for the understanding of particle motion in flows
laden with (non-spherical) particles. Here, the rotary motion of triaxial ellipsoids in linear shear and
strain is studied theoretically and numerically under the assumption of Stokes flow (Re=0). The particle
motion is modeled by coupling the torques (Jeffery 1922) with the equations of rotation. The problem
is governed by the relationships between the two shorter and the major axis together with the Stokes
number, obtained as the Reynolds number times the particle/fluid density ratio. The general behaviour
is that the particle ultimately rotates with the shortest axis aligned with the vorticity axis in shear flow.
In linear strain, the particle aligns with the strain. However, the route and time to reach this state is distinctively different for different parameter combinations. Furthermore, the ultimate state is unstable for
certain parameter combinations and the particle instead moves in a chaotic manner. The results, valid at
Re=0, shows a wide range of behaviors and provide a firm base for the understanding of particle motion
also at higher Re.

Particle drift and diffusion in inhomogeneous turbulence
M. Reeks
School of Mechanical and Systems Enginering, Newcastle University, Newcastle, UK
Turbophoresis combined with turbulent diffusion has long been recognized as an important mechanism for the transport of inertial particles in inhomogeneous turbulent flows. In particular in a turbulent
boundarylayer, it is the dominant mechanism by which particles are transported and deposited to a
surface adjacent to the flow. Moreover the build up of particle concentration near a perfectly reflecting surface (observed in bothexperiment and simulation) can be attributed to a balance between the
turbophoretic current proportional to particle concentration and a diffusive current proportional to the
concentration gradient. This leads to an inverse power law decay in the distance away from the reflecting wall dependent on the particle Stokes number and a constant that depends on the form of spatial and
temporal structure of the turbulence near the wall. Turbophoresis has been attributed to the gradient of
the particle kinetic stresses, this force (per unit mass) being balanced by a resistive drag proportional
to the particle velocity (the particle concentration being assumed uniform) This form of drift does not
however account for the influence of turbulent structures in the flow and the effect this has on the segregation of suspended particles and inparticular preferential sweeping of particles by turbulent structures
which can lead to an enhancement of their gravitational settling velocity compared to that in a stagnant
fluid. This feature is reflected in the form of the net force on the particles due to the turbulence which
as well as having a diffusive component has a drift force (body force) component that depends upon the
correlation of the local fluid velocity with the divergence of underlying particle velocity field. In this
paper I consider the influence of both the turbophoretic force (due to gradients in the particle velocity
co-variance) and the force due inhomogeneities in the instantaneous particle concentration The former
case corresponds to the transport of single particle transport through a turbulent boundary layer and
the latter the relative motion of particle pairs due to small scale structures in the Kolmogorov range.
I shall show how these 2 contributions can be considered separately by artificially creating a uniform
concentration field of particles in inhomogeneous turbulence (so only turbophoresis is present) and a
concentration field which is uniform on average, so that gradient diffusion is eradicated and only Maxey
drift and turbophoretic are operative.
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MS12-3 On the complex orientation of flat triaxial objects in shear flows.
16:15 J. R. Angilella
LAEGO (Université de Lorraine) and LUSAC (Université de Caen), France
We investigate the motion of flat non-Brownian objects transported in a shear flow, to determine the
conditions under which chaotic orientations occur. This classical problem is investigated asymptotically, by using Jeffery’s equations, for very flat objects. In the case of axisymmetric objects, it is well
known that precession is decoupled from nutation and intrinsic rotation, so that the orientation dynamics is two-dimensional and cannot be chaotic. In contrast, for triaxial objects, precession is affected
by nutation and intrinsic rotation, and a very complex dynamics can occur. The stability of periodic
orbits is investigated for nearly axisymmetric objects, by using Floquet’s theory, as previously done by
Yarin et al. (J. Fluid Mech 1997) for rods. A bifurcation diagram is derived, and compared to numerical
simulations. For flat objects with a finite triaxiality, periodic and chaotic orbits are observed to exist,
and a stochastic zone with finite thickness emerges in the phase portrait. These results suggest that suspensions of flat triaxial objects, which are widely met in geoscience, might have complex orientations
even at large Peclet numbers.

MS12-4 Vertical motions of heavy inertial particles in strongly stratified turbulence
16:45 F. C. G. A. Nicolleau [1], J. C. Vassilicos [2], and K. S. Sung [2]
[1] The University of Sheffield, SFMG, Department of Mechanical Engineering, Mapping Street, Sheffield,
S1 3JD, United Kingdom
[2] Imperial College London, Department of Aeronautics, Prince Consort Road, SW7 2BY, United
Kingdom
We study the statistics of the vertical motion of inertial particles in strongly stratified turbulence. We
use Kinematic Simulation (KS) and Rapid Distortion Theory (RDT) to study the mean position and the
root mean square (rms) of the position fluctuation in the vertical direction. We vary the strength of the
stratification and the particle inertial characteristic
The high Reynolds number and low Froude
p time. p
number limits where our model applies impose η/g < L/g < 2π/N < τη < L/u0 , where η is the
Kolmogorov length scale, g the gravitational acceleration, L the turbulence integral length scale, N the
Brünt-Väissälä frequency and u0 the turbulence velocity fluctuation rms. We introduce a drift Froude
number F rd = τp g/N L. When F rd < 1, the rms of the inertial particle displacement fluctuation is the
same as for fluid elements, i.e. h(ζ3 − hζ3 i)2 i1/2 = 1.22 u0 /N + oscillations. However, when F rd > 1,
h(ζ3 − hζ3 i)2 i1/2 = 267 u0 τp . That is the level of the fluctuation is controlled by the particle inertia τp
and not by the buoyancy frequency N . In other words it seems possible for inertial particles to retain
the vertical capping while loosing the memory of the Brünt-Väissälä frequency.
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Understanding the dynamics of real networks using mathematics
Organisers: M. A. D. Aguiar and A. P. S. Dias

MS13

Wednesday 15:15 - 17:15
Coupled-cell networks are used to model problems in many fields of science. One natural question
is how much of the dynamics can be derived from the network structure independently of the specific
equations chosen to describe specific phenomenon. This minisymposium will focus on the understanding of real-world networks using the dynamics of networks of dynamical systems.

A new paradigm for computation - switching along complex networks of states
M. Timme

MS13-1
15:15

Attractor design for coupled oscillator systems
P. Ashwin

MS13-2
15:45

Oscillations and bifurcations in feedback-loop networks
M. C. A. Leite

MS13-3
16:15

Cooperative dynamics of networks with delayed and time-varying links
F. M. Atay

MS13-4
16:45
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A new paradigm for computation - switching along complex networks of states
F. S. Neves and M. Timme
Network Dynamics Group, Max Planck Institute for Dynamics and Self-Organization, Goettingen, Germany

MS13-1
15:15

Can complex networks of states support new forms of computations? Networks of dynamically connected saddle states persistently emerge in a broad range of high-dimensional systems and may reliably
encode inputs as specific switching trajectories. In how far they exhibit computational capabilities, however, is far from being understood. Here we analyze how symmetry-breaking inhomogeneities naturally
induce predictable persistent switching dynamics across such networks. We show that such systems are
capable of computing arbitrary logic operations by entering into switching sequences in a controlled
way. This dynamics thus offers a highly flexible new kind of computation based on switching along
complex networks of states. We illustrate an application to an autonomously behaving robot.
[1] Computation via Complex Networks of States, F. Schittler Neves, and M. Timme, Phys. Rev.
Lett. (2012).

Attractor design for coupled oscillator systems
P. Ashwin
University of Exeter, Exeter, UK

MS13-2
15:45

The collective behaviour of coupled oscillator systems depends not only on the oscillator type and the
network, but also on the strength and nature of the coupling. This talk will discuss recent progress towards understanding how the nature of the coupling in particular may influence the dynamical behaviour,
some properties of attractors (periodic, chaotic and Milnor) that generically arise in such networks, and
some open problems.

Oscillations and bifurcations in feedback-loop networks
M. C. A. Leite [1] and Y. Wang [2]
[1] University of Toledo, Department of Mathematics and Statistics, Toledo, OH, USA
[2] Rice University, Department of Applied Mathematics, Houston, Texas, USA

MS13-3
16:15

Interactions of complex networks of genes, proteins and enzymes play a central role in modern cellular biology. Since these networks are so complex, it is sometimes useful to understand the dynamics
of important sub-network structures. We will consider sub-networks known as feedback loops and we
discuss the relation between topology and interesting dynamical features. In particular we discuss necessary conditions for the existence of multistability and oscillations.

Cooperative dynamics of networks with delayed and time-varying links
F. M. Atay
Max Planck Institute for Mathematics in the Sciences, Leipzig, Germany
Many real networks involve time delays in the propagation or the processing of information. Furthermore, the network structure can also be varying in time due to obstacles, attacks, failure, and recovery of
links, changes in social structure, and so on. This talk will present some rigorous results on the effects
of delays and time-varying links on network dynamics. We will consider consensus and synchronization
problems and their extensions in several application areas, and study the rich range of dynamics induced
by delays and the time-varying connection structure.
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Modelling of stochastic dynamical systems: recent advances in
theory and applications

MS14

Organiser: D. Kleinhans
Wednesday 15:15 - 17:15
Nonlinear dynamics of high-dimensional systems can be characterized, in many cases of practical relevance, by means of the stochastic dynamics of a low-dimensional set of order parameters. A key
question then is how order parameters can be estimated accurately from observations on the respective systems. It was demonstrated that associated drift and diffusion functions of order parameters in
principle can be estimated directly from measured data and used for characterisation of the underlying
systems. The concepts of a general estimation procedure are subject of a recently published comprehensive review on this topic [R. Friedrich et al., Physics Reports 506(5), 2011]. This minisymposium
aims to present recent methodical advancements in this topic and their applications to problems from
different fields.

Stochastic approaches to the dynamics of epileptic brain networks
K. Lehnertz

MS14-1
15:15

Finite-time effects in Kramers-Moyal analysis with application to an optical trapping experiment
C. Honisch

MS14-2
15:45

Stochastic modeling of NO2 concentrations
F. Raischel

MS14-3
16:15

Analysis of noisy spatio-temporal data
O. Kamps

MS14-4
16:45
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Stochastic approaches to the dynamics of epileptic brain networks
K. Lehnertz [1,2,3]
[1] Department of Epileptology, University of Bonn, Bonn, Germany
[2] Helmholtz Institute for Radiation and Nuclear Physics, Germany
[3] Interdisciplinary Center for Complex Systems, University of Bonn, Bonn, Germany

MS14-1
15:15

Epilepsy is a complex malfunction of the brain that affects approximately 1% of the world’s population.
Epileptic seizures are the cardinal symptom of this multi-facetted disease and are usually characterized by an overly synchronized firing of neurons. In human epilepsy, the exact mechanisms underlying
seizure generation are still as uncertain as are mechanisms underlying seizure spreading and termination. Research over the last decades has shown that an improved characterization of the spatial-temporal
dynamics of the epileptic process can be achieved with nonlinear time series analysis methods. There
are, however, still problems that evade from a satisfactory solution. Very often the dynamics of the
epileptic process must be regarded as stochastic (high-dimensional) and non-stationary which might
hamper a more detailed characterization when using the aforementioned methods. I will discuss the impact of data-driven methods for estimating drift and diffusion terms of a corresponding Fokker-Planck
resp. Langevin equation to gain deeper insights into the dynamics of epileptic networks.

Finite-time effects in Kramers-Moyal analysis with application to an optical trap- MS14-2
ping experiment
15:45
C. Honisch [1,2], R. Friedrich [1,2], F. Hoerner [3,4], and C. Denz [2,4]
[1] Institute for Theoretical Physics, University of Muenster, Muenster, Germany
[2] Center for Nonlinear Science, University of Muenster, Muenster, Germany
[3] Institute of Cell Biology, ZMBE, University of Muenster, Muenster, Germany
[4] Institute for Applied Physics, University of Muenster, Muenster, Germany
Kramers-Moyal analysis is a well established approach to analyze stochastic time series from complex systems [R. Friedrich et al., Phys. Rep. 506, 87 (2011)]. If the sampling interval of a measured
time series is too low or if the process has a large Markov-Einstein time scale, systematic errors occur in
the analysis that bear the danger of substantial misinterpretations of the results. These errors are labeled
as finite-time effects in the literature. The talk will summarize the current state of knowledge about
these effects and present a method that allows for a reliable analysis in cases where finite-time effects
are important [C. Honisch, R. Friedrich, Phys. Rev. E 83, 066701 (2011)]. Furthermore, an application
to a data set of an optical trapping experiment yielding estimations of the forces acting on a Brownian
particle trapped by optical tweezers is presented.

Stochastic modeling of NO2 concentrations
F. Raischel [1] and P. Lind [1]
Center for Theoretical and Computational Physics, University of Lisbon, Av. Prof. Gama Pinto 2, 1649003 Lisbon, Portugal
We present a systematic investigation of noise sources and periodicities in NO2 concentration measurements in Lisbon [2]. Modeling the stochastic dynamics of the concentrations through a system of
coupled Langevin equations, we investigate the relationship of the stochastic eigenvectors and eigenvalues of the diffusion matrix. Our analysis shows that the stochastic force associated with one station
is typically functionally independent from the stochastic forces at other stations, despite their spatial
vicinity. We present a method to diagonalize the diffusion matrix and interpret the results under the
aspect of minimum stochasticity[1] of one of the components. Further applications of these methods to
biophysical data will also be discussed.
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[1] Vasconcelos, V. V., Raischel, F., Haase, M., Peinke, J., Waechter, M., Lind, P. G., and Kleinhans,
D. Principal axes for stochastic dynamics. Physical Review E, 84(3), 031103 (2011)
[2] Raischel, F., Russo, A., Kleinhans, D., Haase, M., and Lind, P. G.,Searching for optimal variables in real multivariate stochastic data, Physics Letters A 376 2081 (2012)

MS14-4 Analysis of noisy spatio-temporal data
16:45 O. Kamps [1] and J. Peinke [2]
[1] Center for Nonlinear Science, University of Münster, Münster, Germany
[2] Institut für Physik and ForWind, University of Oldenburg, Oldenburg, Germany
In this talk we will discuss recent advances in the estimation of stochastic partial differential equations (SPDEs) from noisy spatio-temporal data. The SPDEs belong to the class of Langevin equations
described by drift and diffusion terms. These terms, including spatial operators such as the Laplacian or
a spatial average of the field, can be estimated via conditional averages. In this context we discuss technical details such as for example the dependence of the estimated drift and diffusion terms on the spatial
correlation of the noise. We also formulate an optimization principle that can be used for a parametric
estimation of the conditional averages. Additional to some examples and technical aspects we will also
discuss the possibility to use such methods for coarse-graining and the estimation of order-parameter
equations for parameter regimes where they cannot be derived analytically.
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During the last decades, the phenomenon of anomalous diffusion has attracted much attention. Mathematical models developed for the description of this phenomenon include random walks, fractional
differential equations and other types of integro-differential equations, stochastic differential equations
with correlated noise, and others. The goal of this minisymposion is to bring together mathematicians
and physicists working in the field of anomalous diffusion, investigating different physical mechanisms
of that phenomenon, and using different mathematical approaches.

Neutral-fractional diffusion and damped waves
Yu. Luchko

MS15-1
15:15

Anomalous diffusion and transport in and out of thermal equilibrium
I. Goychuk

MS15-2
15:45

Application of fractional differential equations to model subdiffusion-reaction process
T. Kosztołowicz

MS15-3
16:15

Exactly solvable models of subdiffusive reaction-front propagation
A. Nepomnyashchy

MS15-4
16:45
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Neutral-fractional diffusion and damped waves
Yu. Luchko
Department of Mathematics, Physics, and Chemistry, Beuth Technical University of Applied Sciences
Berlin, Berlin, Germany

MS15-1
15:15

Anomalous diffusion can be roughly characterized by the property that diffusive particles do not follow Gaussian statistics. In particular one observes a deviation from the linear time dependence of the
mean-squared displacement of the diffusive particles. In some important cases, anomalous diffusion can
be successfully modeled with a fractional diffusion-wave equation that contains fractional derivatives in
time or in space, or both in time and in space. In this talk, a special class of fractional diffusion-wave
equations - the so called neutral-fractional diffusion equation - is considered. In contrast to the fractional
diffusion-wave equation, the neutral-fractional diffusion equation contains fractional derivatives of the
same order α, 1 < α ≤ 2, both in space and in time. On the one hand, solutions to this equation possess
characteristics similar to ones of solutions of the diffusion equation, e.g., a disturbance in initial conditions spreads infinitely fast. On the other hand, the fundamental solution shows some features that are
typical for solutions of the wave equation. In particular, the maximum of the fundamental solution, its
gravity and mass centers as well as its energy location propagate with finite constant velocities. Because
the maximum value of the fundamental solution (wave amplitude) decreases with time, whereas its location moves with a constant velocity, the fundamental solution can be interpreted as a damped wave, and
the neutral-fractional diffusion equation as a fractional wave equation. In this paper, an explicit form
of the fundamental solution of the Cauchy problem for the fractional wave equation (neutral-fractional
diffusion equation) and formulas for different velocities of the damped waves that are described by this
equation are presented. To illustrate the analytical findings, results of numerical evaluations and numerous plots are given.

Anomalous diffusion and transport in and out of thermal equilibrium
I. Goychuk
University of Augsburg, Augsburg, Germany
I will discuss an approach to anomalous diffusion and transport based on the stochastic Generalized
Langevin Equation (GLE) which can be derived from a Hamiltonian dynamics of one particle coupled
to a thermal bath of harmonic oscillators within a molecular-dynamics setup (dynamical approach by
Bogolyubov, Kac, Zwanzig, and others). Randomness comes about from the initial canonical distribution of a quasi-infinite set of bath oscillators. Profoundly non-Markovian stochastic dynamics with longlasting memory emerges as a projection of underlying hyper-dimensional Markovian dynamics onto the
subspace of relevant variables. GLE memory kernels featuring a slow power-law decay in time and
the corresponding fractional Gaussian noise related to the memory kernel by the fluctuation-dissipation
theorem yield anomalous diffusion and transport which can be both anomalously slow (sub-Ohmic thermal bath) and anomalously fast (super-Ohmic thermal bath) in the case of linear dynamics where some
general analytical results are available. The case of nonlinear dynamics as exemplified e.g. by bistable
dynamics or multistable dynamics in periodic potentials [1], especially out of equilibrium, driven by
external time-dependent fields (for instance, anomalous ratchet transport) is, however, very difficult for
any analytical treatment and presents also difficulties for a reliable and efficient numerical investigation.
I will discuss a series of highly nontrivial results such as (i) the universality class of GLE subdiffusion
and transport in tilted washboard potentials [1,2,3], (ii) the emergence of transient hyperdiffusion in
the case of superdiffusive GLE dynamics in tilted washboard potentials [4], and also (iii) subdiffusive
ratchet transport [5,6]. The results are obtained within a finite-dimensional Markovian embedding of
the GLE dynamics. The approach [1,2] is based on the approximation of the memory kernel by a sum of
exponentials and the time range of approximation scales exponentially with the number of exponentials
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in expansion. It is numerically highly efficient and agrees with the exact analytical results whenever
available. In the case of subdiffusive GLE, the approach corresponds to replacing an infinite set of
bath oscillators by a finite set of Brownian oscillators and is related to a generalized Maxwell-Langevin
model of viscoelasticity.
[1] I. Goychuk, Phys. Rev. E 80, 046125 (2009).
[2] I. Goychuk, Adv. Chem. Phys. 150, 187-253 (2012).
[3] I. Goychuk and P. Hanggi, in: J. Klafter, S. C. Lim, R. Metzler (Eds.), Fractional Dynamics:
Recent Advances (World Scientific, Singapore, 2012), Ch. 13, pp. 307-329.
[4] P. Siegle, I. Goychuk, P. Hanggi, Phys. Rev. Lett. 105, 100602 (2010) Europhys. Lett. 93,
20002 (2011)
[5] I. Goychuk, Chem. Phys. 375, 450 (2010) I. Goychuk and V. Kharchenko, arXiv:1111.4833
[cond-mat.stat-mech] (2011).
[6] V. Kharchenko and I. Goychuk, New J. Phys. 14, 043042 (2012).

MS15-3 Application of fractional differential equations to model subdiffusion-reaction
16:15 process
T. Kosztołowicz [1] and K. D. Lewandowska [2]
[1] Institute of Physics, Jan Kochanowski University, ul. Swietokrzyska 15, 25-406 Kielce, Poland
[2] Department of Radiological Informatics and Statistics, Medical University of Gdansk, ul. Tuwima
15, 80-210 Gdansk, Poland
Subdiffusion occurs in systems where the mobility of particles is significantly hindered due to the
internal structure of the medium, such as in porous media or gels [1]. Subdiffusion is characterized
by a time dependence of the mean square displacement of a transported particle that is a power function of time with positive exponent less that unity. Subdiffusion–reaction systems with particles which
can chemically react are described by nonlinear differential equations with the Caputo fractional-time
derivative [2]. We assume that at the initial moment substances are separated from each other. These
equations are difficult to solve and - as far as we know - their exact analytical solutions remain unknown
(except of a few very special cases). To find approximately solutions of these equations one usually
uses several assumptions to simplify the calculations, such as the quasistationary approximation [2], the
scaling method [3], and the perturbation one [4] (and the references cited therein). Using these methods,
some characteristics of the system were derived, as, for example the time evolution of the reaction front,
which is defined as a point at which the reaction term reaches its maximum [2]. In this contribution
we adopt the methods mentioned above to study a subdiffusion-reaction system with two mobile reactants as well as one mobile and one static reactant. Although these methods seem to oversimplify the
problem, we show that the analytical results are confirmed by the numerical calculations. We use the
obtained solutions in describing the carious lesion progress in the tooth enamel.
[1] T. Kosztołowicz, K. Dworecki, S. Mrówczyński, Phys. Rev. Lett. 94, 170602 (2005).
[2] T. Kosztołowicz, K.D. Lewandowska, Phys. Rev. E 78, 066103 (2008).
[3] T. Kosztołowicz, K.D. Lewandowska, Acta Phys. Pol. B 37, 1571 (2006).
[4] K.D. Lewandowska, T. Kosztołowicz, and M. Piwnik, arxiv: cond-mat. 1201.3122 (2012) (to be
published).
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Exactly solvable models of subdiffusive reaction-front propagation
A. Nepomnyashchy [1] and V. Volpert [2]
[1] Department of Mathematics, Technion - Israel Institute of Technology, Haifa, Israel
[2] Department of Engineering Science and Applied Mathematics, Northwestern University, Evanston,
USA
During the last decades, the phenomenon of subdiffusion attracted much attention. Mathematical models
of reactions in subdiffusive systems are not universal, and they are rather difficult for analytical investigation. It is not clear in advance which properties of normal diffusion-reaction systems are retained in
the case of subdiffusion. Therefore, it may be interesting to consider some particular cases where the
problem can be solved analytically. We have investigated a number of models with different kinds of
interplay between subdiffusion and reaction using a piecewise linear reaction function, which allowed
for exact analytical solutions describing reaction-front propagation. In the case of a subdiffusion-limited
reaction, a model with a fractional temporal derivative has been applied. For fronts propagating into an
unstable state, a family of traveling wave solutions has been revealed, which includes a special pushed
front under definite conditions. For a front between two stable homogeneous states, a unique value of
the front velocity has been found. In the case of an activation-limited reaction, sudiffusion and reaction
terms are intertwined. For a front propagating into a linearly unstable state, a family of traveling wave
solutions has been found. Surprisingly, there are no fronts moving with a constant velocity between
two locally stable states (except for the degenerate case of vanishing subdiffusive flux). In that case, the
velocity of the front decreases with time, tending to zero at infinity.
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Many complex systems are characterized by a dynamics that slows down by several orders of magnitude in a small range of temperature, density, or pressure variation without any notable change in the
structural properties and apparently no sign of growing long-range order. Typical systems are polymers,
super-cooled liquids and glasses, granular media, gels, foams etc, and they are of importance in several
fields ranging from statistical mechanics and soft matter, to material sciences and biophysics. Understanding the origin of these slow relaxations is a challenge, and has stimilated a large research effort
in condensed matter physics over the last decades. Many important new results have been obtained,
in particular concerning growing dynamical correlations in super-cooled liquids, the characterization
of the jamming transition of granular media and the discovery of slow relaxations in a variety of other
complex systems.

Slow dynamics in a model of jamming
P. Olsson

MS16-1
11:00

Viscoelastic dynamics of human airway smooth muscle cells
P. Berntsen

MS16-2
11:30

Spreading of localized excitations
R. Schilling

MS16-3
12:00

Dynamic arrest in polymeric gel-formers
J. Mattsson

MS16-4
12:30
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Slow dynamics in a model of jamming

MS16-1
11:00

P. Olsson
Umeå University, Umeå, Sweden
We do simulations with overdamped dynamics and slow shearing in two dimensions to study a set of
soft bidisperse frictionless disks with only repulsive contact interaction. At zero temperature and in the
limit of vanishing shear rate we find that shear viscosity, and similar quantities, diverge algebraically at a
well-defined jamming density. We also determine the divergence of both relaxation times and diffusion
as the jamming density is approached from below.
Turning to finite temperatures by including Langevin noise in the simulations, we find a non-trivial
behavior in both rheology and diffusion when increasing the temperature at fixed density and shear rate.
We then argue that a consequence of these results, for the limit of low shear rate, is that the viscosity
at low temperatures is singularly disconnected from the viscosity at zero temperature, which means that
thermal glassy behavior is not governed by the zero-temperature critical point. Looking for a glass transition in this model, we use the height of the peak in the shear viscosity and find that it can be fit to both
algebraic and exponential divergences, but that an assumed algebraic divergence gives a glass transition
at an unreasonable low density.

Viscoelastic dynamics of human airway smooth muscle cells
P. Berntsen
Department of Chemistry and Molecular Biology, University of Gothenburg, Gothenburg, Sweden

MS16-2
11:30

Recent experiments show that living cells behave as an active viscoelastic material that exhibit solid-like
resistance to quick deformations and fluid-like response to slow deformations. There has been considerable interest in this dynamic viscoelastic response that support an analogy between living cells and
soft glassy materials. Here we report measurements of the elastic modulus G(ω) of adherent human
airway smooth muscle cells over the frequencies 10−2 − 103 Hz and at temperatures between 4 ◦ C and
54 ◦ C. We present data that can be fitted to the β-relaxation process as obtained within the results of
Mode Coupling Theory (MCT) for the dynamics of glass forming liquids. MCT quantitatively describes
the measured rheology of also ATP depleted cells over the measured frequency range. The results give
biophysical clues to a common structural origin between cells and soft glassy materials and may also
outline an emerging picture of possible causes to disorders in the smooth muscle biophysics such as
excessive airway narrowing in asthma.

Spreading of localized excitations
R. Schilling
Institute of Physics Johannes Gutenberg University Mainz, Germany
One of the established methods to investigate the dynamics of macroscopic systems is to determine
the temporal evolution of localized excitations. For pure harmonic systems, W.R. Hamilton in 1841
already proved that the localized energy spreads completely with time. We will discuss the change of
this behavior under the influence of anharmonicity and disorder. Particularly, for a special anharmonic
system without disorder the existence of a sharp ergodic-nonergodic transition at a critical excitation
strength Ac is proved. For A larger than Ac the initial configuration converges to a localized timeperiodic solution, i.e. the spreading is incomplete. Anharmonicity renormalizes the relaxation time
and leads to its power law divergence at Ac . This divergent time scale is accompagnied by a diverging
dynamical but no divergent static length scale.
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MS16-4 Dynamic arrest in polymeric gel-formers
12:30 J. Mattsson
School of Physics and Astronomy, University of Leeds, UK
A polymer gel typically consists of a polymer dissolved in a solvent to which other components such
as surfactants or salts might be added in order to promote the formation of cross-links. A ’physical’
polymer gel results from the formation of reversible cross-links, in contrast to the permanent chemical
bonds of ’chemical’ gels. Physical polymer gels play important roles e.g. in foods, cosmetics and in
pharmaceutical products; still, we do not generally understand the process of dynamic arrest leading to
the disordered gel state. Despite the fact that this class of materials incorporates a wide range of gelformers, often of very different chemical nature, a range of striking similarities is generally observed in
their arrest behaviour. This suggests that a common physical framework could describe dynamic arrest
for a wide range of systems. I will discuss recent experimental results on dynamic arrest in physical
polymer gels focusing on the different roles played by control parameters such as polymer concentration, temperature and surfactant concentration.
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A fundamental question that needs to be addressed when investigating non-equilibrium colloidal systems is how collective dynamics and ordering emerge from the dynamics of the discrete interacting components, their interactions, and the parameters of external energy injection. A generic out-of-equilibrium
dissipative system subjected to a time-dependent energy injection often develops nontrivial collective
dynamics and large-scale coherent structures, which are far more complex than their equilibrium counterparts. At the origin of such emergent behavior are multi-body interactions among colloids (steric,
electrostatic, magnetic), their hydrodynamic coupling, and the nature of the driving force. The large
disparity between the scale of the emergent structures and the interparticle spacing makes particle-level
dynamics simulations difficult, and these multi-body problems present daunting theoretical challenges.
However, understanding the principles governing non-equilibrium organization will facilitate a systematic development of novel strategies for self-assembly, functional fluid flows, and active materials
design.
In recent years there has been an increasing interest in driving colloidal systems with strong, timedependent driving force fields. One of the successful scientific playgrounds to address complex dynamic
behavior of driven colloids is a magnetic colloid. To force magnetic colloidal systems out of equilibrium
time-dependent, uniaxial or multiaxial magnetic fields have been used and a number of interesting phenomena have been reported, including the development of dynamic highly organized and nontrivially
ordered colloidal assemblies, collective colloidal transport and the emergence of advection lattices in
suspensions of anisometric particles.
Apart from fundamental scientific interest of this research, dynamically assembling colloids may be
a first step towards understanding and creating active materials capable of selfrepair, multitasking and
shape transformation. The goal of this minisymposium is to encourage further interest in this rapidly
developing area of research, which offers ample opportunities for both the experimentalist and theorist
to contribute to the discovery and understanding of the rich variety of possible emergent phenomena.

Emergent dynamics of paramagnetic particles due to precessing magnetic and static gravitational
fields
T. Fischer

MS17-1
11:00

Magnetic colloids at liquid interfaces: emergent dynamics and self-assembly
A. Snezhko

MS17-2
11:30

Dipolar systems in AC magnetic fields
A. Cẽbers

MS17-3
12:00

Isothermal magnetic advection: functional fluid flows for heat and mass transfer
J. E. Martin

MS17-4
12:30

79

MS17

Emergent dynamics of driven colloids

Thursday 11:00 - 13:00

Emergent dynamics of paramagnetic particles due to precessing magnetic and MS17-1
static gravitational fields
11:00
T. Fischer [1], N. Casic [1], and P. Tierno [2]
[1] Universitaet Bayreuth, Bayreuth, Germany
[2] Universitat de Barcelona, Barcelona, Spain
Paramagnetic colloids sediment on a glass surface. In a magnetic field precessing about the axis of
gravity with an angle larger than magic, rotating clusters from due to dipolar and hard core interactions.
The conformational path taken when starting from an elongated particle chain and ending with a cluster
is due to friction-controlled folding. When the axis of precession is perpendicular to gravity and smaller
than magic we observe traveling kinks, antikinks or inverted kinks travelling along a paramagnetic ribbon. The latter can be explained with an overdamped sine Gordon equation with DC and AC drive.

Magnetic colloids at liquid interfaces: emergent dynamics and self-assembly
A. Snezhko and I. Aranson
Argonne National Laboratory 9700 S Cass Avenue, Argonne, IL 60564, USA

MS17-2
11:30

Ensembles of interacting colloidal particles subject to an external periodic forcing often develop nontrivial collective behavior. We study emergent phenomena in magnetic colloidal ensembles suspended at
liquid-liquid or liquid-air interfaces and driven out of equilibrium by alternating magnetic fields. Experiments reveal new types of nontrivially ordered dynamic self-assembled structures (in particular, “asters”,
“snakes”, “clams”) emerging in such systems in a certain range of excitation parameters. Transition between different self-assembled phases with parameters of external driving magnetic field is observed.
Above certain frequency threshold dynamic self-assembled structures spontaneously break the symmetry of self-induced surface flows (symmetry breaking instability) and turn into swimmers. Induced
self-propulsion of robust aster-like structures in a presence of small in-plane DC field perturbations has
been discovered. A possibility of the directed cargo transport at the interface by self-assembled structures is demonstrated. Some features of the self-localized structures can be understood in the framework
of an amplitude equation for parametric waves coupled to the conservation law equation describing the
evolution of the magnetic particle density. Molecular dynamic simulations capturing microscopic mechanisms of the non-equilibrium self-assembly in our system are presented. The research was supported
by the U.S. DOE, Office of Basic Energy Sciences, Division of Materials Science and Engineering,
under the Contract No. DE AC02-06CH11357

Dipolar systems in AC magnetic fields

MS17-3
12:00

A. Cẽbers
University of Latvia, Riga, Latvia
The interaction of dipolar systems with AC magnetic fields is an exciting area of the research. Here
we review some recent results on the synchronization phenomena of dipoles due to their interaction in
AC magnetic fields. Special attention is paid to cooperative behavior in their ensembles, where dynamic
ordered states are observed. Another issue is magnetic field driven microdevices. Several designs of
such microdevices are proposed so far: flexible filaments of linked superparamagnetic or ferromagnetic
particles, dipoles with attached flexible tails, and others. The self-propulsion of these devices is analyzed
and compared.
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MS17-4 Isothermal magnetic advection: functional fluid flows for heat and mass transfer
12:30 J. E. Martin and K. Solis
Sandia National Laboratory, Albuquerque, New Mexico 87185, USA
Natural convection has been of interest for over a century due to its rich nonlinear dynamics and applications to heat transfer. However, convection occurs only when both gravity and a destabilizing thermal
gradient exist. We have discovered a unique class of vigorous, emergent fluid flows that have the full
functionality of natural convection but can be stimulated regardless of gravity or thermal gradients, simply by subjecting a magnetic-platelet suspension to certain uniform time-dependent biaxial magnetic
fields of modest strength. A variety of visually striking flow lattices can be created whose structure
and dynamics are determined by the ratio of the frequencies of the two field components and their relative phase. The flow is sufficiently vigorous that freestanding fluid structures can be created that are
supported only by the flow within. This enigmatic phenomenon may facilitate cooling in microgravity
environments and in other circumstances where convection fails.
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Inferring directional interactions with high sensitivity and high specificity from empirical data is a prerequisite for a reliable identification and characterization of couplings between dynamical systems. This
mini-symposium discusses recent developments of time-series analysis techniques that promise an improved characterization of directional interactions, also in complex networks of interacting dynamical
systems. In particular, we discuss information-theoretic approaches such as partial mutual information
from mixed embeddings, transfer entropy, and Granger causality, as well as techniques based on reconstructed state spaces or instantaneous phases. These methods take into account potential confounding
effects, e.g. due to indirect interactions or due to common sources. Evidently, the different approaches
must be sensitive to actual directional interactions. But it is of equal importance that no false positive
detections are obtained in the absence of couplings. This issue will be addressed with different surrogate
concepts to test results against different null hypotheses.

Detecting functional connectivity in neuronal networks
G. Rangarajan

MS18-1
11:00

From simple measures of dependence to complex network topologies
M. Palus

MS18-2
11:30

Direct causality from mixed embedding
D. Kugiumtzis

MS18-3
12:00

A generalized approach to characterize directional couplings between point processes and flows
R. G. Andrzejak

MS18-4
12:30
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Detecting functional connectivity in neuronal networks
G. Rangarajan
Indian Institute of Science, Bangalore, India

MS18-1
11:00

Detecting functional connectivity between different regions of a neuronal network is becoming increasingly important. Granger causality can be used to detect such connectivity patterns. But a good fraction
of the data from neuroscience experiments is in the form of spike train data which need to modeled
using point processes. Classical Granger causality, however, is not applicable to point processes. We
therefore extend Granger causality to point processes using spectral factorization. We then apply this to
both simulated and experimental data. If time permits, we will also describe a new concept called block
coherence which we have developed to determine coherence between two brain regions. This serves as
another method to detect functional connectivity.

From simple measures of dependence to complex network topologies
M. Palus
Institute of Computer Science AS CR, Pod vodarenskou vezı 2, 18207 Prague 8, Czech Republic

MS18-2
11:30

Networks of interacting dynamical systems have recently been attracting attention of both theorists and
experimentalists as they represent a new paradigm for understanding emergent phenomena in complex
systems and tools for novel analyses of multivariate and spatio-temporal data [1].
A multivariate time series is converted into a (weighted) graph by quantification of pair-wise dependence between time series representing dynamical evolution of individual systems – nodes of the
network. Then graph theory is used to identify important features of the studied coupled systems such
as scale-free or small-world topology, highly connected hubs and modularity, and helps to understand
information or mass transfers among the subsystems. However, the existence of a link, its weight and/or
direction is inferred from a dependence measure estimated from the available time series. Various
sources of bias and confounding effects can distort the results of such inferences. In particular, character of temporal dynamics of a node (e.g. serial correlations/autocorrelation, or longterm memory) can
influence dependence measures (e.g., Pearson’s correlations, mutual information) with other nodes [2].
In studies of climate networks, using gridded surface air temperature anomalies (i.e., temperature
series in which the average annual cycle is removed), several authors [3,4] identified the tropical Pacific
areas as the most connected elements of the climate network and looked for interpretations in teleconnections of the El Nino phenomenon [3]. Using entropy rates of stochastic dynamical systems, however,
we show that dynamics of the temperature anomalies from these areas are characterized by the lowest
entropy rates, i.e., they have the most regular dynamics and the strongest dynamical memory. This
property biases upward all measures of dependence of these areas with the rest of the world. Therefore
Palus et al. [5] propose properly weighted connectivity measures combined with the surrogate data testing [2]accounting for such bias. The correction leads to dramatic changes in the topology of climate
networks, in particular, the role of the North Atlantic Oscillation in the connectivity of global climate
networks is sharply increased at the cost of the role of the El Nino Southern Oscillation.
In further development we study information-theoretic approaches to quantify similarity of dynamics instead of quantifying similarity of static probability distributions. In examples of climate networks
we show how highly connected hubs are identified, related to the leading modes of atmospheric variability.
Acknowledgement: This study is supported by the Czech Science Foundation, Project No. P103/11/J068.
[1] S Boccaletti, V Latora, Y Moreno, M Chavez, and D U Hwang, “Complex networks: Structure
and dynamics”, Phys. Rep., 424(4-5), 175–308 (2006)
[2] M Palus, “From Nonlinearity to Causality: Statistical testing and inference of physical mechanisms underlying complex dynamics”, Contemp. Phys., 48(6), 307–348 (2007)
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[3] A A Tsonis and K L Swanson, “Topology a predictability of El Nino and La Nina networks”,
Phys. Rev. Lett., 100, 228502 (2008)
[4] J F Donges, Y Zou, N Marwan, and J Kurths, “The backbone of the climate network”, Europhys.
Lett., 87(4), 48007 (2009)
[5] M Palus, D Hartman, J Hlinka, and M Vejmelka, “Discerning connectivity from dynamics in
climate networks”, Nonlin. Processes Geophys., 18, 751-763 (2011)

MS18-3 Direct causality from mixed embedding
12:00 D. Kugiumtzis
Department of Mathematical, Physical and Computational Sciences, Faculty of Engineering, Aristotle
University of Thessaloniki, Greece
In a recent paper [Vlachos and Kugiumtzis, PRE 82, 016207, 2010] we presented a scheme for mixed
embedding from multivariate time series based on conditional mutual information and we further exploited it to derive a causality measure from a variable X to another variable Y, termed Mutual Information from Mixed Embedding (MIME). Here we extend this measure in order to detect direct causality
from X to Y in the presence of confounding variables stacked in Z, termed Partial MIME (PMIME). We
demonstrate three major advantages of this measure: a) it is zero when no significant causality is present
and positive when it is present (significance test is not required), b) it does not require the determination
of embedding parameters for each variable, i.e. embedding dimension and time delay (mixed embedding for all variables is formed as part of the measure), and c) it is operational for any dimension of
Z (inclusion of more confounding variables only slows the computation and has no effect on statistical
accuracy). The importance of the above three points are shown with simulations and for an application
to epileptic multi-channel scalp EEG.

MS18-4 A generalized approach to characterize directional couplings between point pro12:30 cesses and flows
R. G. Andrzejak [1]
[1] Department of Information and Communication Technologies, Universitat Pompeu Fabra, Barcelona,
Spain
The reliable detection of directional couplings from experimental signals is crucial for the study of many
systems in nature. These signals can for example be given by sequences of discrete event times of point
processes or by time-continuous variables measured from flows. Often experiments yield simultaneous
recordings comprising both point processes and flows. The characterization of causal interactions from
such signals is key to an advanced understanding of the underlying dynamics. We therefore recently introduced a unified approach to characterize unidirectional couplings between point processes, between
flows, as well as between point processes and flows [1]. For this purpose we showed and exploited the
generality of the asymmetric state similarity conditioning principle. We used Hindmarsh-Rose neuron
models and Lorenz oscillators to illustrate the high sensitivity and specificity of our approach.
[1] Andrzejak and Kreuz, EPL, 96 (2011) 50012
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There is now a mature although far from complete understanding of the dynamics of turbulent fluid
motion. The dynamics of objects moving and waves propagating in a turbulent fluid is much less thoroughly explored, and is relevant to a broad range of research fields. This minisymposium brings together
topical contributions from disparate areas where the implications of turbulent dynamics are explored.

Ostwald ripening, turbulence, and rainfall
M. Wilkinson

MS19-1
11:00

Preferential concentration and ergodic clustering in random flows
K. Gustavsson

MS19-2
11:30

Wave turbulence, energy cascades and rogue waves in superuid helium
P. V. E. McClintock

MS19-3
12:00

Lagrangian single particle-statistics: what can they teach about turbulent flows?
A. Pumir

MS19-4
12:30
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Thursday 11:00 - 13:00

Ostwald ripening, turbulence, and rainfall
M. Wilkinson
Open University, Milton Keynes, MK7 6AA, England

MS19-1
11:00

I will describe experiments by Juergen Vollmer and co-workers which are a "test-tube" model for rainfall in a convectively stable atmosphere. I will show how the observations can be explained using a
theory in which the initial stages of droplet growth are governed by Ostwald ripening. I will also discuss the extent to which this model is sufficient to explain rain initiation in warm clouds. I argue that
turbulence plays a role in the rapid initiation of rainfall from cumulus clouds, and I will describe some
recent results on collision rates in turbulence. However, I will argue that the dominant mechanism for
initiation of rainfall by turbulence does not involve collisions between droplets. The talk will draw upon
the results of collaborations with Juergen Vollmer, Bernhard Mehlig, and members of their research
groups.

Preferential concentration and ergodic clustering in random flows
K. Gustavsson and B. Mehlig
Department of Physics, Gothenburg University, 41296 Gothenburg, Sweden

MS19-2
11:30

We compute the fractal dimension of clusters of inertial particles in random flows at finite values of
Kubo (Ku) and Stokes (St) numbers, by a new series expansion in small Ku. At small St, the theory includes clustering by preferential concentration such as Maxeys centrifuge effect. For large St it explains
clustering in terms of ergodic multiplicative amplification. In this limit, the theory is consistent with the
asymptotic perturbation series in [Mehlig et al., Phys. Rev. Lett. 92 (2004) 250602]. The new theory
allows to analyse how the two clustering mechanisms compete at finite values of St and Ku.

Wave turbulence, energy cascades and rogue waves in superuid helium
A. N. Ganshin [1], V. B. Emov [2], G. V. Kolmakov [2, 4], L. P. Mezhov-Deglin [3], and P. V. E. McClintock
[2]
[1] Laboratory for Elementary-Particle Physics, Cornell University, Ithaca, USA
[2] Department of Physics, Lancaster University, Lancaster, UK
[3] Institute of Solid State Physics RAS, Chernogolovka, Russia
[4] Department of Physics, New York City College of Technology, CUNY, NY 11201, USA
We discuss recent experiments on nonlinear wave interactions in superuid 4 He leading to the observation [1] of rogue waves analogous to the oceanic rogue waves [2] that can seemingly appear without
warning and which are a menace to shipping. The experiment involves the excitation of a high-intensity
standing wave of second sound in a resonant cavity, leading to wave turbulence, with a Kolmogorov-like
direct cascade of energy towards higher frequencies (smaller lengthscales). Under the right conditions, a
decay instability gives rise to subharmonics and a co-existing inverse energy cascade [3] towards lower
frequencies. It is under transient conditions, while the inverse cascade is building up, that rogue waves
appear. It seems likely that rogue waves on the ocean evolve through nonlinear interactions within the
"noisy background" of smaller wind-blown waves [4]. Superfluid helium can thus provide a useful
testbed for studying nonlinear wave interactions and the formation of rogue waves in the laboratory.
The kinetics of the evolution and decay of the energy cascades will be discussed.
[1] Emov V B, Ganshin A N, Kolmakov G V, McClintock P V E and Mezhov-Deglin L P 2010 Eur.
Phys. J. Special Topics 185 181
[2] Kharif C, Pelinovsky E and Slunyaev E 2009 Rogue Waves in the Ocean, Springer-Verlag, Berlin
[3] Ganshin A N, Emov V B, Kolmakov G V, Mezhov-Deglin L P and McClintock P V E 2008 Phys.
Rev. Lett. 101 065303
[4] Dyachenko A I and Zakharov V E 2005 JETP Lett. 81 255
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MS19-4 Lagrangian single particle-statistics: what can they teach about turbulent flows?
12:30 A. Pumir
ENS-Lyon, France
In turbulence, notions of energy cascade and energy flux, substantiated by the exact Kolmogorov relation, lead to scaling relations for the velocity spatial correlation functions. I discuss here whether
similar ideas can be applied to temporal correlations. I will argue that the temporal structure functions,
defined as the moments of the velocity differences along particle trajectories cannot be sensitive to the
energy cascade. In particular, the often postulated relation h(v(t) − v(0))2 i ∝ t, where epsilon is
the energy dissipation rate, has no reason to hold, aside from dimensional considerations. In fact, the
available experimental and numerical data do not show any particular evidence of such scaling. This
situation is to be contrasted with exact results, that relate the time derivative of the velocity difference
to energy dissipation in the flow.

90

MS20

Turbulence and planet formation

Friday 10:00 - 12:00

Turbulence and planet formation
Organiser: A. Johansen

MS20

Friday 10:00 - 12:00
The formation of planets, in gaseous discs orbiting young stars, involves a complex interplay between
gas and solid particles. Embedded dust and ice particles of various sizes are transported by the turbulent
gas, and the presence of particles in the pressure-supported gas can even drive the turbulence. Small
particles concentrate on many scales of the turbulent flow, from the Kolmogorov scale up to meso-scales
of several million kilometers, and promote planet formation as overdense regions collapse gravitationally. Planetary embryos acquire high relative speeds and migrate stochastically because of gravitational
perturbations from large-scale density structures in the turbulent flow. The aim of this mini-symposium
is to bring together all the various aspects of turbulence and planet formation.

Turbulent concentration of pebbles and rocks in protoplanetary discs
A. Johansen

MS20-1
10:00

Particle concentration in small-scale eddies
P. Padoan

MS20-2
10:30

Disk weather: entropy gradient driven turbulence in accretion disks
N. Raettig

MS20-3
11:00

Turbulent migration and planetesimal stirring
O. Gressel

MS20-4
11:30
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Turbulence and planet formation

Friday 10:00 - 12:00

Turbulent concentration of pebbles and rocks in protoplanetary discs
A. Johansen
Lund Observatory, Department of Astronomy and Theoretical Physics, Lund University, Lund, Sweden

MS20-1
10:00

The growth of planets from micrometer-sized dust particles in gaseous circumstellar discs faces major difficulties in the traditional hit-and-stick scenario. Large particles - pebbles, rocks, and boulders do not stick well and very quickly drift towards the star to sublimate in the inner nebula. I will present
an alternative scenario where overdense regions of particles collapse under their own gravity to form
massive 1000-km-scale planetesimals. The overdensities are seeded by hydrodynamical streaming instabilities arising in the coupled motion of gas and particles and by large-scale pressure bumps that
appear spontaneously in the turbulent gas flow. New computer simulations that include particle collisions show the perseverance of planetesimal formation by this route. Planetesimal masses are relatively
independent of the computational resolution and the simulations reveal a characteristic planetesimal size
that increases with distance from the sun, agreeing well with the observed largest bodies residing in the
asteroid and Kuiper belts.

Particle concentration in small-scale eddies
P. Padoan [1], L. Pan [2], and J. Scalo [3]
[1] ICREA and ICC, University of Barcelona, Barcelona, Spain
[2] Arizona State University, Arizona, USA
[3] University of Texas, Texas, USA

MS20-2
10:30

Solid particles are dragged by turbulent gas motions into dissipative trajectories, resulting in the formation of dense particle clusters, even if the gas flow is incompressible. This clustering process may have
important effects on the growth of dust particles in protoplanetary disks, and may even help the formation of planetesimals. However, its properties are not completely understood, particularly its Reynolds
number dependence, and the clustering of large particles, coupled to turbulent motions of inertial-range
scales. We address this problem by study turbulent clustering with large numerical simulations, and
then discuss the relevance of our results for models of planetesimal formation.

Disk weather: entropy gradient driven turbulence in accretion disks
N. Raettig and H. Klahr
Max-Planck-Institute for Astronomy, Heidelberg, Germany

MS20-3
11:00

We review the current understanding of turbulence and vortex evolution in protoplanetary accretion
disks. Based on observations of circumstellar disks those systems should have a radial entropy gradient
pointing in the same direction as the pressure gradient, generating radial buoyancy. This buoyancy leads
to angular momentum transport and vortices beneficial to the formation of planets. We present latest
numerical experiments in 2D and 3D using local and global hydrodynamic simulations.

Turbulent migration and planetesimal stirring
O. Gressel [1,2], R. P. Nelson [2], and N. J. Turner [3]
[1] NORDITA, Royal Institute of Technology, Roslagstullsbacken 23, 10691 Stockholm, Sweden
[2] Astronomy Unit, Queen Mary University of London, Mile End Road, London E1 4NS, UK
[3] Jet Propulsion Laboratory, California Institute of Technology, Pasadena, CA 91109, USA
Planetesimals and protoplanets embedded in the magnetically decoupled mid-plane layer of a protoplanetary disc are subject to gravitational stirring due to spiral density waves propagating out of the
disc’s magnetically coupled turbulent surface layers. This excitation process will increase both the
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spatial-, and the eccentricity-dispersion within a given population of bodies, and can moreover lead to
the turbulent migration of larger individual objects.
In a series of papers, we have measured the stochastic torques on swarms of test particles in 3D
resistive-MHD stratified shearing-box calculations with external ionization and recombination on dust
grains. We derived a simple analytic fit to our numerically obtained torque amplitudes as a function of
disc mass and external magnetic flux.
Migration rates within a nominal dead-zone are found to be consistent with the observed radial
spread in meteorite taxonomic classes within the asteroid belt. For the majority of our models, the
equilibrium velocity dispersions lie between the thresholds for disrupting strong and weak aggregates.
However, discs with relatively weak magnetic fields yield reduced stirring, and their dead zones provide
safe havens even for the weakest planetesimals against collisional destruction.
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Localized multi-dimensional states

Friday 10:00 - 12:00

Localized multi-dimensional states
Organisers: R. Richter and D. J. B. Lloyd

MS21

Friday 10:00 - 12:00
Multi-dimensional localised states that occur in various physical experiments such as semiconductors and fluid mechanics have received much interest, but their analysis remains very limited. Recent
progress has been made in realistic and quantitative physical models where interesting results suggest
one should find intricate bifurcation structures of multidimensional localised states in experiments. This
minisympoison draws together experimentalists and theoreticians to present some of the latest results in
this field, and to outline new and interesting directions for research.

Towards a spatial dynamics theory for localised spots in a ferrofluid model
D. J. B. Lloyd

MS21-1
10:00

Localized spikes and flats on the surface of magnetic liquids
R. Richter

MS21-2
10:30

Persistent localised states in a model of working memory
J. Rankin

MS21-3
11:00

Slanted snaking in rotating convection
C. Beaume

MS21-4
11:30
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Towards a spatial dynamics theory for localised spots in a ferrofluid model
D. J. B. Lloyd
University of Surrey, Guildford, UK

MS21-1
10:00

We outline a spatial dynamics approach to explain the existence of localised radial spots on the surface of a magnetic fluid in the presence of a uniform magnetic field. Adding a constraint to the energy
functional of Gailitis (1977), we show that the critical points of the functional lead to the same equations
of Twombly and Thomas (1983) that were derived from first principles. Assuming radial symmetry, we
then show that the energy functional leads to a spatial dynamical system that is amenable to analysis
where the radial spatial dynamics theory of Scheel (2003), Lloyd and Sandstede (2009) and McCalla
(2011) may be applicable and hence may explain the emergence of spots. Finally, we present some
numerical bifurcation diagrams of relevant localised patterns.

Localized spikes and flats on the surface of magnetic liquids
M. Szech , I. Rehberg , and R. Richter
Experimentalphysik 5, Universität Bayreuth, D-95440 Bayreuth, Germany
The study of stationary spatially localized states in dissipative systems has regained much interest,
because of several open problems [1]. A particularly well defined experimental model system is a layer
of magnetic liquid subjected to a magnetic field oriented normally to the fluid surface. When a critical
threshold of the field is surpassed, the flat layer becomes unstable due to a transcritical bifurcation and
a hexagonal pattern of liquid spikes emerges, a phenomenon known as Rosensweig instability [2].
Applying a local perturbation in the hysteretic regime localized spikes were generated and studied
experimentally [3,4]. Their range of stability was confirmed numerically [5]. Even without a local
perturbation localized spikes and localized hexagonal patches have been detected in a highly viscous
ferrofluid, when the system is pushed to the vicinity of the unstable branch of the homogeneous pattern
[6]. These findings may be related to a snaking curve situated in the neighborhood of the unstable branch
[7].
Besides localized spikes we can also generate localized “flats” [8] by subtracting a magnetic field
locally. The flats are created by switching off individual spikes of the domain covering hexagonal
pattern. In contrast to the localized spikes the flats are neatly located by the matrix of the regular pattern.
In this way no extrinsic grid is needed to locate the stored information, as suggested in Ref. [8]. We
investigate the critical local magnetic field to give birth to a flat for different values of the homogeneous
magnetic field.
[1] E. Knobloch, Nonlinearity, Vol. 21, T45 (2008)
[2] M. Cowley, R.E. Rosensweig, J. Fluid Mech. Vol. 30, 672 (1967).
[3] R. Richter, I. V. Barashenkov, Phys. Rev. Lett. (2005).
[4] H. Knieling, I. Rehberg, and R. Richter, Physics Procedia, Vol.9, 199 (2010).
[5] O. Lavrova, G. Matthies, L. Tobiska, Commun. Nonlinear Sci. Numer. Simul., Vol. 13, 1302
(2008).
[6] C. Gollwitzer, I. Rehberg, R. Richter, New J. Phys., Vol. 12, 093037 (2010).
[7] D. Lloyd, B. Sandstede, D. Avitabile and A. Champneys, SIAM J. Appl. Dyn. Syst., Vol. 7,
1049 (2008).
[8] P. Coullet, C. Riera, C. Tresser, Chaos, Vol. 14, 839 (2004).
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MS21-3 Persistent localised states in a model of working memory
11:00 J. Rankin [1], G. Faye [2], and D. Lloyd [3]
[1] NeuroMathComp, INRIA Sophia Antipolis, Nice, France
[2] School of Mathematics, University of Minnesota, Minnesota, USA
[3] Department of Mathematics, University of Surrey, Guildford, England, UK
Localised states of the neural field equations that describe activity across the visual cortex, typically
posed on the Euclidean plane, are of considerable interest as they have been shown to characterise
working (short-term) memory. The same equations, when posed on Hyperbolic geometry, have been
used to gain insights into the processes of edge and texture selectivity in the visual cortex.
Generalising the Wilson-Cowan-Amari equations to arbitrary geometries, we derive PDEs describing the evolution of the neural field, where we use a smooth firing rate function and an appropriately
chosen, biologically relevant connectivity function. Concentrating on steady radially symmetric bumps,
we show that the PDEs in both geometries can be rewritten as a spatial dynamical system on which
bifurcation theory and numerical continuation techniques can be used to trace out a multi-parameter
region for the existence and stability of bump solutions. Furthermore, we find that other localised (nonradially symmetric) patches bifurcate off the main bump state. Finally we relate these results back to
the biological context.

MS21-4 Slanted snaking in rotating convection
11:30 C. Beaume [1], H-C. Kao [2], A. Bergeon [1], and E. Knobloch [2]
[1] INPT, UPS, IMFT (Institut de Mécanique des Fluides de Toulouse), Université de Toulouse, Allée
Camille Soula, F-31400 Toulouse, France and CNRS, IMFT, F-31400 Toulouse, France
[2] Department of Physics, University of California at Berkeley, Berkeley CA 94720, USA
Geophysical flows exhibit localized structures such as cyclonic and anticyclonic vortices. We consider
here rotating convection in a two-dimensional fluid layer and focus on steady spatially localized structures called convectons. These solutions are of two types, odd and even parity, and are found in both
subcritical and supercritical regimes. In this talk, we describe the properties of these convectons and
use numerical continuation in a periodic domain to show that the convecton branches exhibit behavior
known as slanted snaking. The results are then compared to weakly nonlinear theory.
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Friday 10:00 - 12:00

Nonlinear cooperative phenomena inside the cell
Organisers: M. Stich and S. Alonso

MS22

Friday 10:00 - 12:00
Inside the membrane of living cells, multiple biochemical and physical processes are simultaneously
occurring. The major part of such biology problems are frequently highly nonlinear. In this minisymposium diverse nonlinear effects which control the dynamics of the cells are considered for experimental and theoretical point of views. Results obtained with the most modern experimental techniques
are presented, as well as the use of the classical methods of non-equilibrium statistical physics and numerical simulations. All these approaches contribute to the search of a general understanding of internal
cell dynamics.

Reciprocal enzyme regulation as a source of bistability in covalent modification cycles
R. Straube

MS22-1
10:00

The actin cytoskeleton of chemotactic amoeba operates close to an oscillatory instability
C. Beta

MS22-2
10:30

Nonlinearities in the AKT signaling pathway regulate the response of cancer cells to anti-tumor
inhibitors
D. G. Míguez

MS22-3
11:00

Mechanochemical pattern formation
S. W. Grill

MS22-4
11:30
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Friday 10:00 - 12:00

Reciprocal enzyme regulation as a source of bistability in covalent modification MS22-1
cycles
10:00
R. Straube
Max Planck Institute for Dynamics of Complex Technical Systems, Sandtorstrasse 1, 39106 Magdeburg, Germany
In response to external stimuli the activity state of signaling molecules is often modulated through
reversible covalent modifications, which are carried out by an antagonistic enzyme pair such as a kinase
and a phosphatase. It is well known that under conditions of substrate excess and if the converter enzymes operate in saturation covalent modification cycles can exhibit highly sigmoidal response behavior
known as zero-order ultrasensitivity. Here, I show that reciprocal regulation of the converter enyzmes
can lead to a bistable response and hysteresis. Through a quasi-steady state approximation effective
equations are derived which show that bistability can even arise when substrate and converter enzymes
are present in equal amounts. These results reveal new mechanisms for the generation of bistability
at the post-transcriptional level, and they provide a challenging view on the origin of bistability in the
Cdk1-Cdc25-Wee1 system, which governs the M-phase transition of the cell cycle in fission yeast.

The actin cytoskeleton of chemotactic amoeba operates close to an oscillatory in- MS22-2
stability
10:30
C. Beta
Institute of Physics and Astronomy, University of Potsdam, Potsdam, Germany
The rapid reorganization of the actin cytoskeleton in response to external stimuli is an essential property
of many motile eukaryotic cells. It mediates numerous physiological and pathological functions including chemotactic immune responses and the targeted movement of invasive cancer cells. Here, we report
evidence that the actin machinery of chemotactic Dictyostelium cells operates close to an oscillatory
instability. Our findings are derived from fluorescence microscopy recordings of the actin dynamics in
single cells responding to an extracellular pulse or to a time-periodic pulse train of the chemoattractant
cAMP. The stimuli were created with a microfluidic flow photolysis setup that allowed for subsecond
concentration switching times. When averaging the response of many cells to a 1 sec pulse of cAMP,
we observed a biphasic accumulation of cortical actin, reminiscent of a damped oscillation. This is in
agreement with earlier observations from cells exposed to a step increase in the extracellular cAMP
concentration. However, at the single cell level, the response dynamics ranged from short, strongly
damped responses to showly decaying, weakly damped oscillations. For a small subpopulation (7 of the
total number of recorded cells), even autonomous, self-sustained oscillations in concentration of cortical
F-actin were observed. To substantiate that the actin dynamics in these cells is governed by an oscillatory mechanism, we systematically exposed a large number of cells to periodic pulse trains of different
frequencies. Our results clearly revealed a resonance peak at a forcing period of 20 sec. We suggest that
our findings can be explained by an inhibitory delayed feedback in the regulatory network of the actin
system. To verify our model, we performed stimulation experiments with cells that carry GFP-tagged
fusion proteins of coronin and Aip1. Those are actin-binding proteins that inhibit actin polymerization
or enhance the disassembly of F-actin and thus allow us to estimate the delay time of the regulatory
feedback loop in our model. Based on this experimentally obtained value for the delay time, our model
predicts an intrinsic period of 20 sec, which is in agreement with the resonance observed in our forcing
experiments.
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MS22-3 Nonlinearities in the AKT signaling pathway regulate the response of cancer cells
11:00 to anti-tumor inhibitors
D. G. Míguez [1]
[1] Depto. de Física de la Materia Condensada, Universidad Autónoma de Madrid, Madrid, Spain
Small molecule inhibitors have shown significant potential as treatment for diseases and cancer progression involving deregulated signal transduction pathways. These inhibitors are developed based on
their target specificity and binding affinity. Here, we show that the feedback loops of the AKT pathway strongly influence the efficiency of periodic and combinatorial small molecule inhibitor treatments.
The existence of several regulatory positive and negative feedback loops either creates complex doseresponses, schedule-dependent inhibition and modulation of the drug effect in combinatorial treatments.
Our results show that the effect of inhibitors depends on the architecture of the pathway and that this
needs to be taken into account when designing treatments to inhibit nonlinear pathways.

MS22-4 Mechanochemical pattern formation
11:30 S. W. Grill [1,2]
[1] Max Planck Institute for the Physics of Complex Systems, Dresden, Germany
[2] Max Planck Institute of Molecular Cell Biology and Genetics, Dresden, Germany
I will present recent advances in our understanding of the coupling of mechanical and biochemical processes for the purpose of forming morphogenetic patterns in biology. I will discuss in general terms the
mechanism of pattern formation in active fluids in which active stress is regulated by diffusing molecular components. I will then present a particular biological example, the polarization of the C. elegans
zygote, a classic example for mechanochemical coupling. I illustrate how passive advection by actively
generated fluid flow is sufficient to drive asymmetry in PAR proteins and thereby acts as a trigger for
pattern formation. Our work suggests that passive advective transport in a regulated active material is a
general mechanism by which patterns are established in developmental biology.
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CT1

Monday 15:15-17:30

Experiments on the onset of turbulence in shear flows
K. Avila

CT1-1
15:15

Direct measurement of the yield stress of wet granular matter
S. H. E. Rahbari

CT1-2
15:35

Weakly nonlinear analysis of the magnetorotational instability
M. Mond

CT1-3
15:55

Break

16:15

A large-deviation approach to computing rare transitions in multi-stable stochastic turbulent
flows
J. Laurie

CT1-4
16:30

Edge states and transition to turbulence in boundary-layer flows
T. Khapko

CT1-5
16:50

Oblique spots in transitional plane Couette flow
Y. Duguet

CT1-6
17:10
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Experiments on the onset of turbulence in shear flows
K. Avila , P. Steffen , and B. Hof
Max Planck Institute for Dynamics and Self-Orgaization, Goettingen, Germany

CT1-1
15:15

The onset of sustained turbulence in pipe flow is a non-equilibrium phase transition between decaying and spreading turbulence [1]. However, the extremely long timescales of these processes in pipe
flow make it impossible to measure important signatures of criticality, such as the scaling of turbulent
fraction. This information would be helpful in determining the phase transition class of the onset of turbulence in shear flows. With this goal in mind we have built a Taylor-Couette experiment with an aspect
ratio of more than 200 and an azimuthal length of more than 300 gap-widths, allowing us to measure
turbulent fractions in the vicinity of the critical point. In the first part of this talk we investigate the
stability in the counter-rotating regime, while in the second part we focus on the scaling of the turbulent
fraction.
[1] K. Avila, D. Moxey, A. De Lozar, M. Avila, D. Barkley, B. Hof, Science 333(6039), 192-196,
2011

Direct measurement of the yield stress of wet granular matter
S. H. E. Rahbari [1,2], J. Vollmer [1], S. Herminghaus [1], and M. Brinkmann [1]
[1] Max-Planck Institute for Dynamics and Self-Organization, Department of Complex Fluids, 37073
Göttingen, Germany
[2] Plasma and condensed matter computational lab, Faculty of Science, Azarbayjan University of
Shahid Madani, Tabriz 53714-161, Iran

CT1-2
15:35

We present results of extensive MD-type simulations of wet disks driven by Lees-Edwards boundary
conditions in the quasi-static limit. We calculate the quasi-static shear stress as a function of the packing fraction φ, and the attraction strength . The study uncovers new insights on the stability of wet
granular assemblies and can be regarded as a first report of the jamming phase-diagram of wet granular
matter.

Weakly nonlinear analysis of the magnetorotational instability
M. Mond [1], E. Liverts [1], Y. Shtemler [1], and O. M. Umurhan [2,3]
[1] Ben-Gurion University, Beer Sheva, Israel
[2] UC Merced, Merced, CA, USA
[3] City College of San Francisco, San Francisco, CA, USA
The dynamical evolution of the magnetorotational instability (MRI) of thin, vertically-isothermal Keplerian discs, under the influence of an axial magnetic field is investigated near the instability threshold.
The nonlinear interaction of in-plane unstable Alfvén-Coriolis waves, which constitute the MRI, with
stable vertical magnetoacoustic modes is considered. The transition of the Alfvén-Coriolis modes to instability occurs when the linearized system has a zero eigenvalue of multiplicity two. Such a transition is
characteristic of the Takens-Bogdanov-type bifurcation. As a result, the nonlinear ordinary differential
equation that describes the evolution of the amplitude of the MRI mode near the instability threshold
is of second order as opposed to first order equations that characterize systems that bifurcate through
a simple zero eigenvalue. Numerical solutions of the amplitude equation reveal that the MRI is saturated to periodical bursty oscillations due to the transfer of energy to the stable magnetosonic modes.
The period as well as the amplitude of those nonlinear oscillations is obtained analytically. The results
are confirmed by numerical solutions of the full set of the reduced nonlinear magnetohydrodynamical
equations.
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CT1-4 A large-deviation approach to computing rare transitions in multi-stable stochas16:30 tic turbulent flows
F. Bouchet [1] and J. Laurie [1]
[1] Laboratoire de Physique, ENS de Lyon, 46, allée d’Italie, F69007, Lyon, France
Many turbulent flows undergo sporadic random transitions, after long periods of apparent statistical
stationarity. For instance, paths of the Kuroshio, atmospheric flows, the Earth’s magnetic field reversal
and MHD experiments, 2D turbulence experiments, and 3D flows all show this kind of behavior. A
straightforward study of these transitions, through direct numerical simulation of the governing equations is nearly always impracticable. This is mainly a complexity problem, due to the large number
of degrees of freedom involved for genuine turbulent flows, and the extremely long time between two
transitions. In this talk, we consider two-dimensional and geostrophic turbulence models with stochastic
forces. We consider regimes where two or more attractors coexist. As an alternative to direct numerical simulation, we propose a non-equilibrium statistical mechanics approach to the computation of
this phenomenon. Our strategy is based on large deviation theory for stochastic dynamical systems
(Freidlin–Wentzell theory), derived from a path integral representation of the stochastic process. We
discuss in which cases one can generalize Freidlin–Wentzell theory to turbulent flows and when one
cannot. Interestingly, we prove that in the class of models we consider, a mechanism exists for diffusion over sets of connected attractors. For the type of stochastic forces that allow for this diffusion, the
transition between attractors is not a rare event, and then it is very difficult to characterize the flow as
bistable. However, for another class of stochastic forces, this diffusion mechanism is prevented, and
genuine bistability or multi-stability is observed.

CT1-5 Edge states and transition to turbulence in boundary-layer flows
16:50 T. Khapko [1], P. Schlatter [1], Y. Duguet [2], and D. S. Henningson [1]
[1] Linne FLOW Centre, KTH Mechanics, Osquars Backe 18, SE-100 44 Stockholm, Sweden
[2] LIMSI-CNRS, UPR 3251, F-91403 Orsay, France
Subcritical transition to turbulence in boundary-layer flows, despite having large theoretical and practical importance, is still incompletely understood. One of the new ideas coming from dynamical systems
is the concept of an edge state - a relative attractor within the laminar-turbulent boundary which is unstable in the direction transverse to this boundary in phase space. It is crucial for understanding the
structure of the phase space and can help to identify the physical mechanisms with which turbulence,
once triggered, spreads to eventually contaminate the whole flow. In this talk we focus on such saddlelike solutions in both a temporally and spatially developing simulation framework. The boundary-layer
flows under consideration are the spatially developing Blasius boundary layer and the asymptotic suction
boundary layer (ASBL). The latter is the parallel flow above a permeable flat plate subject to homogeneous wall suction. Similarities between the two flow cases will be discussed. In order to assess the
relevance of the edge state concept for transitional flows, we consider the spreading of an initially localised disturbance in the ASBL at moderate values of the Reynolds number. It can be established that
the dynamics of streaks and streamwise vortices near a laminar-turbulent interface mimics the cyclic
dynamics of the edge state.
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Oblique spots in transitional plane Couette flow
Y. Duguet [1] and P. Schlatter [2]
[1] LIMSI-CNRS, F-91503 Orsay, France
[2] KTH Mekanik, Linné Flow Centre, SE-10044 Stockholm, Sweden
Plane Couette flow is the incompressible flow between two parallel counter-slinding plates. The laminar
base flow is known to be linearly stable for all values of the Reynolds number. Turbulence can however still spread in the system in the presence of finite-amplitude perturbations. The onset of transition
is characterised by the formation of large-scale oblique patterns of alternatively laminar and turbulent
flow, yet the mechanism responsible for the observed obliqueness has so far remained mysterious. In
this talk we will focus on the formation of such oblique structures starting from spatially localised initial
conditions, using both analytical arguments and intensive direct numerical simulations. We will suggest
an explanation for the obliqueness of the incipient turbulent spots based on a stochastically driven symmetry breaking instability. This scenario exploits the decoupling between large and small scales within
the flow. The basic idea is two-fold: i) a mismatch of the flow rates within the overhang regions of the
spot generates a large-scale secondary flow possessing a spanwise component ii) the full corresponding
secondary flow advects the small scales at the early stage of their nucleation, producing oblique growth
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Aerosol particles in atmospheric turbulence: Eyjafjallajökull and Fukushima
T. Haszpra [1], A. Horányi [2], I. Lagzi [3], P. Tasnádi [3], and T. Tél [1]
[1] Eötvös Loránd University, Institute of Theoretical Physics, Budapest, Hungary
[2] Hungarian Meteorological Service, Hungary
[3] Eötvös Loránd University, Department of Meteorology, Budapest, Hungary

CT2-1
15:15

The investigation of the dispersion and deposition of aerosol particles in the atmosphere is an essential question, because these processes have an effect on the biosphere and the economy. The motion of
a particle is described by an ordinary differential equation. The large-scale dynamics in the horizontal
direction can be described by the equations of passive scalar advection, but in the vertical direction a
well-defined terminal velocity should be taken into account as a term added to the vertical wind component. In the planetary boundary layer, turbulent diffusion has an important role in particle dispersion
which is taken into account by adding stochastic terms to the deterministic equations above. Wet deposition is also an essential process in the lower levels of the atmosphere, however its precise parameterization is a challenge. The background wind field and other necessary data are taken from the ECMWF
ERA-Interim database. Dynamical-system characteristics are evaluated for the aerosol-particle dynamics. The escape rate of particles is estimated both with and without diffusion, and both in the case when
there is no wet deposition, and also when wet deposition is taken into consideration. The topological
entropy in these cases is evaluated at different geographical locations over a year, and its distribution is
basically latitude-dependent.

Effects of fluid and particle inertia on rotation of a spheroidal particle in Couette CT2-2
flow.
15:35
T. Rosén [1], F. Lundell [1,2], and M. Do-Quang [1]
[1] Linné FLOW Center, KTH Mechanics, Royal Institute of Technology, SE-100 44 Stockholm, Sweden, [2] Wallenberg Wood Science Center, Royal Institute of Technology, SE-100 44 Stockholm, Sweden
Understanding the motion of a single spheroidal particle suspended in a shear flow is fundamental for
modeling of any flow containing elongated particles, as seen for example in papermaking, aerosols and
ice particles in clouds. This knowledge is both used for predicting the rheology of such suspensions as
well as the orientation of the individual particles. Numerical simulations of a single prolate spheroidal
particle in a Couette flow are considered, with the aim to study the transitions in particle rotation rate.
The transitions are believed to be controlled by two dimensionless parameters, connected to fluid and
particle inertia, respectively. Fluid inertia is controlled by the Reynolds number, Rep = Gl2 /ν, where
G is the shear rate, l is the particle length and ν is the kinematic viscosity of the fluid. Particle inertia
is controlled by the Stokes number, St = aRep , where a is the density ratio between particle and fluid.
Two transitions have been previously reported and are the main focus for this study. The first transition
reported suggest that with increasing Reynolds number a light (buoyant) particle eventually ceases to
rotate. The second is that a heavy particle, at a certain Stokes number, undergoes a transition from a
long period flipping motion to steady rotation with constant angular velocity. The results from Lattice
Boltzmann simulations with External Boundary Force are used to map out where particle or fluid inertia is more dominant. It was found that multiple solutions exist at constant Rep , where both periodic
rotation and steady state can occur. This transition is determined by a critical density ratio, ac , for each
Rep and aspect ratio (length/width) of the particle.
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CT2-3 How does the memory force influence the motion of inertial particles in chaotic
15:55 advection?
K. Guseva [1], U. Feudel [1], and T. Tél [2]
[1] Carl von Ossietzky University, Oldenburg, Germany
[2] Eötvös University, Budapest, Hungary
In this work we analyse the effect of the history (Basset) force on the advection of inertial particles
in a two-dimensional convection flow. The advection of inertial particles is usually modeled using a Lagrangian description which incorporates particle inertia by taking into account forces such as the Stokes
drag and added mass. In this case the motion of particles advected by the convection flow exhibits fixed
point, periodic, quasi periodic and chaotic attractors. However, in this approach the memory effects,
which describe the influence of the diffusion of vorticity around the particles, are neglected. We study
how the incorporation of these effects changes the complex dynamics of inertial particles in this flow.
With the history force we find that the attractors are drastically altered, and the convergence to them
becomes very slow. We investigate ensembles of particles and observe that they gather in different parts
of state spaces depending on the initial conditions. This indicates the coexistence of different attractors.
We compare the basins of attraction of these coexisting attractors.

CT2-4 Memory effects in the advection of inertial particles
16:30 A. Daitche [1] and T. Tél [2]
[1] Institute for Theoretical Physics, University of Münster, Germany
[2] Institute for Theoretical Physics, Eötvös University, Budapest, Hungary
The advection of inertial particles is described by the Maxey-Riley equation which in its full form
contains the history (or Basset) force. This integral term describes the diffusion of vorticity around
the particle during its full time history and renders the advection equation to be an integro-differential
equation whose solution is much more demanding than that of an ordinary differential equation. Because of this difficulty, the history force is neglected in nearly all applications. This talk will present
the results of a systematic investigation of the effect of this history force on the chaotic advection of
inertial particles in a paradigmatic model flow, the von Kármán flow. All investigated properties turn
out to heavily depend on the presence of memory when compared to previous studies neglecting this
force. A weaker tendency for accumulation and for caustics formation has been found. The Lyapunov
exponent of transients becomes larger, the escape rates are strongly altered. Attractors are found to be
suppressed by the history force, and periodic ones have a very slow t−1/2 type convergence towards the
asymptotic form. The presented results will point out that the history force can have a strong influence
on the advection of inertial particles.
[1] A. Daitche, T. Tél: Memory effects are relevant for chaotic advection of inertial particles, Phys.
Rev. Lett. 107, 2445001 (2011)

CT2-5 A kinetic Boltzmann model of particle dynamics in protoplanetary disks: search
16:50 for global streaming instabilities
M. A. Jalali
Sharif University of Technology, P.O.Box: 11155-9567, Azadi Avenue, Tehran, Iran
We describe the evolution of protoplanetary disks in the context of the kinetic Boltzmann equation.
We start with a near-Keplerian system composed of (i) a self-gravitating disk of particles which move
on eccentric orbits around a central star, and (ii) a gas component that exerts drag force on particles.
The evolution of the particle phase is expressed using a phase-space distribution function that satisfies
the Boltzmann equation. For small drag forces, we linearize the Boltzmann equation in the vicinity
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of an equilibrium solution and use a finite-element method in angle-action space to search for global
streaming instabilities in the disk plane. We use the moments of Boltzmann equation and derive continuity and momentum equations of the particle phase. These new equations suggest corrections in the
hydrodynamical formulation of Yudin and Goodman (2005), and they can be directly used to model new
effects, for example the frequency of particle collisions.

Integral equations for stochastic descriptions of turbulent cascades
D. Nickelsen and A. Engel
Universität Oldenburg, Institut für Physik, Oldenburg, Germany
Fully developed turbulence is usually described by structure functions Sun (r) = hun i, where r denotes
the scale for the velocity increment u = u(x + r) − u(x). Within this statistical framework, scaling
exponents ζn play a central role in a self-similar description Sun (r) ∼ rζn . As proposed in [1], the turbulent energy cascade can also be understood as a stochastic process u(r) defined by a drift D(1) (u, r)
and a diffusion D(2) (u, r) of a Fokker-Planck equation (FPE). Fitting D(1) and D(2) to experimental
data and numerically solving the resulting FPE reproduces experimental results with impressing agreement [2]. We establish a connection between the stochastic description using D(1) and D(2) , and the
statistical description using scaling exponents ζn . For scaling exponents beyond the K62 theory [3], it
turns out that employing D(1) and D(2) constitutes an approach to fully developed turbulence which
fundamentally distinguishes from using scaling laws Sun (r) ∼ ζn . Using fluctuation theorems (FTs)
of the stochastic dynamics [4], we find for the K62 theory a remarkably simple integral equation. For
experimental data [2], we use the corresponding integral FT to verify the fitted D(1) and D(2) without
the need to numerically solve the FPE. We discuss the consequences of FTs for the irreversibility of
turbulence including the concept of entropy, and a possible interpretation for atmospheric turbulence.
[1] R. Friedrich and J. Peinke, Phys. Rev. Let. 78, 863-866 (1997)
[2] C. Renner, J. Peinke and R. Friedrich, J. Fluid Mech. 433, 383-409 (2001)
[3] A. N. Kolmogorov, J. Fluid Mech. 13, 82 (1962)
[4] U. Seifert, Eur. Phys. J. B 64, 423-431 (2008)
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Complete reconstruction of correlation networks
A. Witt [1,2], M. Kersting [1], J. Nagler [1], and T. Geisel [1,2]
[1] Max Planck for Dynamics and Self Organization, Goettingen, Germany
[2] Bernstein Center for Computational Neuroscience, Goettingen, Germany

CT3-1
15:15

The characterization of correlations in complex networks is crucial for understanding the underlying
dynamics, and is the subject of intense research in many scientific areas including neuroscience, finance
and climate dynamics. Networks with N vertices are considered, each vertex is associated to a widesense stationary ergodic stochastic process, and links represent cross correlation functions between the
nodes. We establish the conditions for the reconstruction of the entire linear cross correlation structure
given a subnetwork. Except for subnetworks with certain loop structures, we prove that either N cross
correlation functions, or N − 1 cross correlation functions together with a single autocorrelation function determine all missing correlation functions. The precision of the reconstruction is discussed and
applications to time series are presented.

Structure and function of inter-firm relationships revealed by network motif ana- CT3-2
lysis
15:35
T. Ohnishi [1,2], H. Takayasu [3], and M. Takayasu [4]
[1] The Canon Institute for Global Studies, Tokyo 100-6511, Japan
[2] The University of Tokyo, Tokyo, Japan
[3] Sony Computer Science Laboratories, Tokyo, Japan
[4] Tokyo Institute of Technology, Tokyo, Japan
To understand the economic activity of a company or firm, it is important to investigate not only the
firm itself but also the structure of interactions on an inter-firm network. Complex networks have numerous patterns of connections. Subgraphs that occur significantly more often in the real network than
in randomized networks are referred to as motifs, while those occurring less frequently are anti-motifs.
Recently, network motifs have attracted attention as a tool for studying directed networks. In this study,
we empirically analyze Japanese inter-firm network in 2005 based on a large-scale dataset provided
by Tokyo Shoko Research. The network consists of 961,318 nodes representing firms and 3,783,711
directed edges representing transactions of materials and services between firms. For the sake of detecting significant three-node motifs, we calculate the number of appearances of these subgraphs in real
and randomized networks. The randomized networks are generated from the real network by a series
of edge-switching operations in which we switch between edges while keeping the number of incoming
edges, outgoing edges, and mutual edges of each node of the real network. We found that the firm tends
not to form circular relationship with other firms but forms V-shaped and clique structures. In addition,
we incorporated semantic information into the motifs. Nodes are colored corresponding to industries.
Subgraphs with the same linking structure, but different coloring of nodes are considered different. In
this case, edges are only exchanged if their endpoints have the same color in switching operations. The
obtained motifs provide a valuable insight into the structure and function of inter-firm relationships.

Detecting and describing dynamic equilibria in adaptive networks
S. Wieland , A. Parisi , T. Aquino , and A. Nunes
Physics of Biological Systems, Department of Physics, University of Lisbon, Lisbon, Portugal
In adaptive networks in dynamic equilibrium (DE), nodes undergo permanent state- and degree-evolution,
while global statistics characterizing ensemble dynamics and network topology settle down to a steady
state. Describing network statistics in DE is essential to understanding the relation between dynamics
and network structure and to apply these ideas to real-world examples. Taking the adaptive SIS scenario
by Gross et al. as an example, we propose an analytic method to detect and describe DEs in adaptive
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networks, giving a more extensive description of steady-state statistics than current pairwise and compartmental frameworks. The method applies to a broad class of systems and can be used to determine
the steady-state topology of many other adaptive networks.

CT3-4 Communication dynamics in finite capacity social networks
16:30 J. O. Haerter [1], B. Jamtveit [2], and J. Mathiesen [1,2]
[1] Center for Models of Life, Niels Bohr Institute, Copenhagen, Denmark
[2] Physics of Geological Processes, University of Oslo, Oslo, Norway
In communication networks, structure and dynamics are tightly coupled. The structure controls the
flow of information and is itself shaped by the dynamical process of information exchanged between
nodes. In order to reconcile these effects, a generic model, based on the local interaction between nodes,
is considered for the communication in large social networks. In agreement with data from a large human organization, we show that the flow is non-Markovian and controlled by the temporal limitations of
individuals. We confirm the versatility of our model by predicting simultaneously the degree-dependent
node activity, the balance between information input and output of nodes and the degree distribution.
Finally, we quantify the limitations to network analysis when it is based on data sampled over a finite
period of time.

CT3-5 Extreme events in excitable systems: network dynamics
16:50 G. Ansmann [1,2,3], K. Lehnertz [1,2,3], R. Karnatak [4], and U. Feudel [4,5]
[1] Department of Epileptology, University of Bonn, Germany
[2] Helmholtz Institute for Radiation and Nuclear Physics, University of Bonn, Germany
[3] Interdisciplinary Center for Complex Systems, University of Bonn, Germany
[4] Theoretical Physics/Complex Systems, ICBM, Carl von Ossietzky University of Oldenburg, Germany
[5] Research Center Neurosensory Science, Carl von Ossietzky University of Oldenburg, Germany
Events that are rare in time and at which an observable of a complex dynamical system is extreme
in amplitude can have a high impact on our lives, e.g., earth quakes, rogue waves, harmful algal blooms,
and even epileptic seizures. We study deterministic networks of excitable elements, each modeled by dynamics of FitzHugh–Nagumo type. We demonstrate that these networks are capable of self-generating
such events at irregular times, i.e., without a change of control parameters or without an input to the
system. We discuss properties of the systems and mechanisms that may be involved in the generation of
extreme events.

CT3-6 Community structure in networks
17:10 M. A. Porter
Mathematical Institute, University of Oxford, Oxford, UK
Networks arise pervasively in biology, physics, technology, social science, and myriad other areas. One
of the most important areas of network science is the study of cohesive groups of nodes called “communities”, which consist of groups of nodes that are tightly connected to each other in some fashion. In
this talk, I will discuss some of the results on community structure obtained by my collaborators and me
during the past few years. This will include theoretical developments — such as community structure
on “multislice” networks — and applications ranging from Facebook to granular materials and from
motor leaning in neuroscience to financial meltdowns in currency exchange networks.
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Sound emissions of the mammalian inner ear
R. Szalai , A. Champneys , and M. Homer
University of Bristol, Bristol, UK

CT4-1
15:15

The mammalian ear is a sensitive sensory device that operates at physical limits. It is capable to resolve sound pressure levels just above the atmospheric thermal noise and discriminate frequencies 0.2
apart. In particular, healthy ears tend to produce sound emissions that can be used as a diagnostic tool.
In this talk we introduce a transmission-line model of the mammalian inner ear with spatial feed-forward
that accurately reproduces dynamical behaviour. We find that sound emissions of the ear are not produced by coherent reflections between the middle ear end the characteritic frequency place of the basilar
membrane, but they occur at multiple places of irregularities. We explain that intermittency and multi
stability of spontaneous sound emissions often found in long term experimental data are due to coexisting periodic, quasi-periodic and chaotic attractors.

Analyzing inflammatory response as excitable media
P. Yde , M. H. Jensen , and A. Trusina
Center for Models Of Life, Niels Bohr Institute, University of Copenhagen, Copenhagen, Denmark

CT4-2
15:35

The regulatory system of the transcription factor NF-kB plays a great role in many cell functions including inflammatory response. Interestingly, the NF-kB system is known to up-regulate production of
its own triggering signal - namely inflammatory cytokines such as TNF, IL-1 and IL-6. We have constructed a model of the NF-kB system which includes both spatial effects and the positive feedback from
cytokines. The model exhibits the properties of an excitable medium and has the ability to propagate
waves of high cytokine concentration. These waves represent an optimal way of sending an inflammatory signal through the tissue as they create a chemotactic signal able to recruit neutrophils to the site of
infection. The simple model displays three quanlitatively different states: low stimuli lead to no or very
little response. Intermediate stimuli lead to re-occuring waves of high cytokine concentration. Finally,
high stimuli lead to a sustained high cytokine concentration — a scenario which is toxic for the tissue
cells and corresponds to chronic inflammation. Due to the few variables of the simple model, we are
able to perform a phase-space analysis leading to a detailed understainding of the functional form of the
model and its limitations. The spatial effects of the model contribute to the robustness of the cytokine
wave-formation and -propagation.

Measuring dynamical mechanisms from time-evolving coupled noisy systems
T. Stankovski [1], A. Duggento [2], P. V. E. McClintock [1], and A. Stefanovska [1]
[1] Department of Physics, Lancaster University, Lancaster LA1 4YB, UK
[2] Department of Biopathology and Imaging, School of Medicine and Surgery, Tor Vergata University,
Rome, Italy
Time-variability is usually inevitable when (starting from a time-series) one tries to understand the
dynamics of interacting oscillators in nature. In such cases, interacting systems (e.g. cardio-respiratory
[1]) are influenced by other oscillatory processes as well as by noise. In recent years, the great generality
of methods of time-series analysis (mostly based on transfer entropy and Granger causality) has made
many different applications possible. These methods focus on the statistical properties of the time series
by measuring the extent to which the individual components exchange information. However, in doing
so, these methods infer effects, not mechanisms. Here, we consider by contrast complex interacting
systems that are oscillatory and subject to noise, and extract their dynamical properties and functional
mechanisms. We introduce a new method that (a) encompasses time-variable dynamics, (b) detects synchronization, (c) detects the coupling direction and (d) determines the inter-oscillator coupling functions
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regardless of whether or not they are time varying. Based on Bayesian inference for stochastic differential equations (SDE) [2], the technique infers the multivariate phase dynamics of interacting oscillators.
The Bayesian probability lying at the core of the method is itself time-dependent via the prior probability as a time-dependent informational process. The method [3] is tested on numerically simulated
systems and applied to reveal the time-varying nature of cardiorespiratory interactions.
[1] Y Shiogai, A Stefanovska, and P V E McClintock, "Nonlinear dynamics of cardiovascular ageing", Phys. Rep. 488, 51 (2010).
[2] A Duggento, D G Luchinsky, V N Smelyanskiy, I Khovanov, and P V E McClintock, "Inferential framework for nonstationary dynamics. II. Application to a model of physiological signaling",
Phys.Rev. E 77, 061106 (2008).
[3] T Stankovski, A Duggento, P V E McClintock, and A Stefanovska, "Inference of Time-Evolving
Coupled Dynamical Systems in the Presence of Noise", Phys. Rev. Lett. 109, 024101 (2012).

CT4-4 Dimensionality reduction of bistable biological systems
16:30 A. Zakharova [1], Z. Nikoloski [2,3], and A. Koseska [4]
[1] Institute of Theoretical Physics, Berlin Institute of Technology, HardenbergstraÃ§e 36A, D-10623
Berlin, Germany
[2] Max Planck Institute for Molecular Plant Physiology, Am Mhlenberg 1, D-14476 Potsdam, Germany
[3] Institute for Biochemistry and Biology, University of Potsdam, Campus Golm Karl-Liebknecht-Str.
24-25, D-14476 Potsdam, Germany
[4] Institute of Physics, Humboldt University of Berlin, Newtonstr. 15 D-12489 Berlin, Germany
Time hierarchies, arising as a result of interactions between systems components, represent a ubiquitous property of dynamical systems. In addition, biological systems have been attributed switch-like
properties modulating the response to various stimuli across different organisms and environmental conditions. Therefore, establishing the interplay between these features of system dynamics renders itself
a challenging question of practical interest in biology. Existing methods are suitable for systems with
one stable steady state employed as well-defined reference. In such systems, the characterization of
the time hierarchies has already been used for determining the components which contribute to the dynamics of biological systems. However, the application of these methods to bistable non-linear systems
is impeded due to their inherent dependence on the reference state, which in this case is no longer
unique. We extend the applicability of the reference-state analysis by proposing, analyzing, and applying a novel method which allows investigation of the time hierarchies in systems exhibiting bistability.
The proposed method is in turn used in identifying the components, other than reactions, which determine the systemic dynamical properties. We demonstrate that in biological systems of varying levels of
complexity and spanning different biological levels, the method can be effectively employed for model
simplification while ensuring preservation of qualitative dynamical properties (i.e., bistability). Finally,
by establishing a connection between techniques from non-linear dynamics and multivariate statistics,
the proposed approach provides the basis for extending reference-base analysis to bistable systems.

CT4-5 Molecular machine motion affects reaction-diffusion patterns in crowded systems
16:50 Y. Togashi
Graduate School of System Informatics, Kobe University, Kobe, Japan
The activities of cells are supported by various molecular machines (e.g. motors, channels and enzymes) which carry out functions through their internal motion (conformational changes). We previously showed that the slow internal dynamics of machines may induce spatio-temporal patterns characterized by synchronization of the machine states when they interact [1]. Cells are highly crowded
with macromolecules. Direct mechanical interactions between molecules may be significant, but have
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not been fully considered. The machine motion may be restricted or enhanced by neighboring macromolecules and solvent [2] and, in turn, may displace or trap adjacent molecules, i.e., change the environment. As a minimal model to study such interplay, we adopted a system consisting of semi-hard
particles. Each particle has an internal state variable and changes its shape depending on the state; external forces applied to the particle may affect the state. By Brownian dynamics simulations, we observed
transitions in the turnover rates depending on the density and Brownian motion. Furthermore, the interplay may alter spatio-temporal patterns. We included allosteric activation of the machine (enzyme) by
its product [1]. Once a cluster of inactive machines are formed, the diffusion is hindered by crowding;
activator and substrate can only occasionally penetrate from outside and reactivate the machines. Otherwise, flows of substrate and product are maintained by the machine motion. In the cell, some chemical
species are rare, on the order of one molecule per cell; the internal states of such molecules cannot be
averaged out and may have a significant impact on the system. Relevance to physiological phenomena
will be also discussed. Supported by JSPS and MEXT, Japan (20740243, 23115007).
[1] V. Casagrande et al., Phys. Rev. Lett. 99, 048301 (2007);
[2] C. Echeverria et al., Phys. Chem. Chem. Phys. 13, 10527 (2011);

A moment closure method for well-mixed reaction systems: the X-level approach CT4-6
reaction noise estimator (XARNES)
17:10
Z. Konkoli
Chalmers University of Technology, Gothenburg, Sweden
All chemical reactions are intrinsically stochastic and realistic in vivo descriptions of chemical networks
must therefore take their stochastic nature into account. Fluctuations in numbers of chemicals lead to
noise in all intracellular reaction networks. The relative importance of intracellular noise increases with
decreasing copy numbers of nucleic acids, proteins and metabolites. The biggest theoretical challenge
with modeling intracellular noise is to deal with an exponentially large number of states that characterize realistic biological systems with many particle types. The chemical master equation describes all
stochastic properties of intracellular networks. However, brute force solution of the master equation is
impossible for large networks. The problem is that the size of the equation system increases exponentially with the number of particle types. This makes other approaches to intracellular noise mandatory.
One common approach is to use Monte-Carlo (MC) simulations, often based on the Gillespie algorithm
and its subsequent improvements, to generate stochastic trajectories of molecular ensembles. The MC
simulation is a powerful technique since computing a trajectory is relatively fast but to obtain accurate
expectation values a large number of computer-runs needs to be done which becomes impossible for
large reaction networks.
One way to deal with exponentially large number of states is to use moment closure methods. The
goal is to construct and solve differential equations that describe the few lowest order moments of the
particle number distribution function, typically the mean and the variance. In such a way the dynamics
is projected onto a few lowest order moments which greatly reduces the computational cost and paves
the way for semi-analytical treatment. However, the equation system for moments is infinite and needs
to be truncated (closed). Often, some specific assumptions need to be made in to order truncate the
infinite hierarchy which greatly limits the scope of the method. Furthermore, it is hard to control the
predictive power of such methods. For example, in general, it is very hard to increase the accuracy of
such methods at will.
A novel moment closure method will be presented, the X-level Approach Reaction Noise Estimator
(XARNES) method. The XARNES method is generic, i.e. no specific assumptions need to be made
in order to construct the equations of motion, and the predictive power of the method can be increased
at will. The method is motivated by the theory of correlation forms used in statistical physics. The
fermionic formalism by Kotomin and Kuzovkov has been extended into the bosonic picture. The second
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picture is more suitable as a starting point to describe the well-mixed paradigm. The method has been
developed and tested in a series of papers [1-4].
[1] Konkoli, Z., A danger of low copy numbers for inferring incorrect cooperativity degree. Theoretical Biology and Medical Modelling, 2010. 7: p. 40.
[2] Konkoli, Z., Multiparticle reaction noise characteristics. Journal of Theoretical Biology, 2011.
271(1): p. 78-86.
[3] Konkoli, Z., Mathematical explanation of the predictive power of the X-level Approach Reaction
Noise Estimator method. Theoretical Biology and Medical Modelling, 2012, accepted.
[4] Konkoli, Z., Modelling reaction noise with a desired accuracy by using the X level Approach
Reaction Noise Estimator (XARNES) method. Journal of Theoretical Biology, 2012, accepted.

126

CT5

Quantum chaos, many-particle physics, and mathemat... Monday 15:15-17:30

Quantum chaos, many-particle physics, and mathematical physics

CT5

Monday 15:15-17:30

Generic regularities in quasienergy spectra and free quantum dynamics for arbitrarily strong
nonintegrability
I. Dana

CT5-1
15:15

Survey of the largest Lyapunov exponents for lattices of interacting classical spins
A. S. D. Wijn

CT5-2
15:35

Complexity of quantum states in a two-dimensional pairing model
S. Åberg

CT5-3
15:55

Break

16:15

First-passage times for single-file diffusion and fractional Langevin dynamics
T. Ambjörnsson

CT5-4
16:30

Electron and positron avalanches in cooling plasmas
T. Fülöp

CT5-5
16:50

The role of magnetic perturbations in fusion plasmas
G. Papp

CT5-6
17:10

127

CT5

Quantum chaos, many-particle physics, and mathemat... Monday 15:15-17:30

Generic regularities in quasienergy spectra and free quantum dynamics for arbi- CT5-1
trarily strong nonintegrability
15:15
I. Dana
Minerva Center and Department of Physics, Bar-Ilan University Ramat-Gan 52900, Israel
Generic and significant regularities are rigorously shown to occur in the quasienergy spectra of the
generalized quantum kicked particle for arbitrary quasimomentum, a quantity most relevant in atomoptics experimental realizations of this paradigmatic nonintegrable system. The spectral regularities are
basically different from the usual ones associated with ordered regions in a mixed phase space, as they
are completely independent of the nonintegrability strength. The generic regularities are dense subspectra which either have a Poisson level-spacing distribution or are ladders of equally-spaced levels. These
regular subspectra, whose origin are free-motion features unaffected by the nonintegrability, lead to an
essentially free quantum dynamics for arbitrarily strong nonintegrability.

Survey of the largest Lyapunov exponents for lattices of interacting classical spins CT5-2
A. S. D. Wijn [1,2], B. Hess [3], and B. V. Fine [3]
15:35
[1] Department of Physics, Stockholm University, 106 91 Stockholm, Sweden
[2] Institute for Molecules and Materials, University of Nijmegen, P.O Box 9010, 6500 GL Nijmegen,
The Netherlands
[3] Institute for Theoretical Physics, University of Heidelberg, Philosophenweg 19, 69120 Heidelberg,
Germany
We investigate how generic the onset of chaos in interacting many-body classical systems is in the
context of lattices of classical spins with nearest neighbor anisotropic couplings. Seven large lattices in
different spatial dimensions were considered. For each lattice, more than 2000 largest Lyapunov exponents for randomly sampled Hamiltonians were numerically computed. Our results strongly suggest the
absence of integrable nearest-neighbor Hamiltonians for the infinite lattices except for the trivial Ising
case. In the vicinity of the Ising case, the largest Lyapunov exponents exhibit a power-law growth, while
further away they become rather weakly sensitive to the Hamiltonian anisotropy. We also provide an
analytical derivation of these results.

Complexity of quantum states in a two-dimensional pairing model
S. Åberg [1]
[1] Mathematical Physics Division, LTH, Lund, Sweden
It is known that many-fermion systems, such as complex atoms and nuclei, reveal, at some level of
excitation energy, local signatures of quantum chaos similar to the predictions of random-matrix theory.
Here we study the gradual development of such signatures in a system in a model system up to sixteen
fermions interacting through short-range pairing-type forces in a two-dimensional harmonic trap. We
proceed from the simplest characteristic of the level spacing distribution to the complexitity of eigenstates, strength and correlation functions. For increasing pairing strength, at first, chaotic signatures
gradually appears. However, when the pairing force dominates the Hamiltonian, we see a regression
towards regularity. We introduce a "phase correlator” that allows us to distinguish collective from incoherent complex wave functions.
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CT5-4 First-passage times for single-file diffusion and fractional Langevin dynamics
16:30 T. Ambjörnsson [1] and L. P. Sanders [1]
Department of Astronomy and Theoretical Physics, Lund University, Lund, Sweden
There is an increasing amount of interest in the problem of interacting random walkers (due to the
strong connection of this problem to the fields of, for instance, biophysics, nanofluidics, and cell biology). We have focused on the non-equilibrium problem of interacting walkers in (quasi)one dimensional
systems, so called single-file diffusion (SFD), where we recently showed that the tracer particle motion
in an SFD system belong to the same universality class as that of fractional Langevin dynamics [1].
An interesting, not yet fully understood, problem in this field is that of first-passage times for this
type of non-Markovian dynamics. We have investigated the first passage time densities (FPTD) of a
tracer particle in a SFD system whose population is: (i) homogeneous i.e. all particles having the same
dffusion constant and (ii) heterogeneous with diffusion constants drawn from a heavy-tailed power-law
distribution. Extensive stochastic SFD simulations are performed and compared to two analytical estimates: the Method of Images approximation (MIA) and the Willemski-Fixman approximation (WFA).
We find that the MIA cannot approximate well any temporal scale of the FPTD. Our exact inversion
of the Willemski-Fixman integral equation captures the long-term power-law exponent predicted by
Molchan [1999] for fractional Brownian motion for certain Hurst exponents. A simple new functional
form is proposed to describe the FPTD for all times, and to guide further research into this phenomenon.
[1] T. Ambjornsson, L. Lizana, A. Taloni, E. Barkai and M.A. Lomholt, Phys. Rev. E 81, 051118
(2010).
[2]. L. P. Sanders and T. Ambjornsson, J. Chem. Phys. 136, 175103 (2012).

CT5-5 Electron and positron avalanches in cooling plasmas
16:50 T. Fülöp and G. Papp
Department of Applied Physics, Chalmers University of Technology, Göteborg, Sweden
Plasma discharges in fusion devices are sometimes terminated by a disruptive instability, whereupon
the plasma interacts with the wall and impurity ions enter the plasma, causing a catastrophic loss of energy due to the excitation and ionization of these ions. As the plasma cools down quickly in a disruption,
a large electric field is induced which accelerates electrons to relativistic energies. Such acceleration of
an electron occurs if its velocity exceeds a critical speed, above which the friction force from collisions
with other plasma particles becomes smaller than the force from the electric field. An electron can enter
this runaway region in velocity space either as a result of a random walk with many small steps taken
in velocity space caused by long-range Coulomb collisions, or through a sudden collision at a close
range that throws it above the critical speed in a single event. The latter mechanism is referred to as
a runaway avalanche. Runaway electron avalanches have been frequently observed in both laboratory
and space plasmas. In the post-disruption plasmas in large tokamaks, the typical runaway energy is well
above the threshold for electron-positron pair-production. Positrons should therefore be present in large
quantities. At birth, these positrons are highly relativistic, and in addition they experience acceleration
by the electric field and a large fraction of them will run away. In this talk we describe electron and
positron avalanches in fusion plasmas and possible techniques for mitigating their harmful effects. We
will show that positron radiation measurements, along with other diagnostics, could become a tool to
better understand plasmas containing runaway electrons.
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The role of magnetic perturbations in fusion plasmas
G. Papp and T. Fülöp
Department of Applied Physics, Chalmers University of Technology, Göteborg, Sweden
Magnetic confinement fusion realized in high temperature hydrogenic isotope plasmas is considered
as a promising future energy production alternative. The 100 million degree hot plasma is isolated from
the reactor wall by a helically twisted toroidal magnetic field. Particles are trapped gyrating around the
field lines, which lead to an extremely low transport towards the surrounding vessel wall. Insulation
is several orders of magnitude better than in any known alternative system, as long as the necessary
symmetries are sustained and the magnetic field lines close on themselves. However, if the symmetry is
broken due to any arbitrarily small magnetic perturbation (either internal or external), the perfect, isolating topology breaks up, and a mixture of confining zones, magnetic islands and chaotic regions form.
The process of how the magnetic topology changes is analogous but not identical to the changes in the
phase space of well-known chaotic systems such as the Chirikov-Taylor standard map. In the chaotic
regions transport towards the wall is several orders of magnitudes faster. Some of the formerly selfenclosed field lines will connect directly to the wall, further increasing particle losses. The described
process is clearly undesired from the point of view of plasma confinement. However, in certain cases,
undesired particle populations, such as very high energy (several MeV) so-called runaway electrons can
form. Applying weak, external magnetic perturbations with an optimized geometry can lead to a controlled modification of the particle transport and hence aid the safe removal of the undesired particles. In
this presentation we will introduce the basics of charged particle transport in perturbed magnetic fields
and present results on how internal or optimized external perturbations can modify or control the plasma
transport.
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Synthetic turbulence: the role of phase correlations
D. Kleinhans
University of Gothenburg, Department of Biological and Environmental Sciences, SE-40530 Göteborg,
Sweden

CT6-1
16:15

In spite of continuous progress in computational fluid dynamics, turbulence still is a challenging problem in the natural sciences. The statistical description of turbulent flows is not complete yet. For
convenience and due to a lack of practicable alternatives turbulence in many engineering applications
is reduced significantly: engineers instead work with a variety of models for so-called synthetic turbulence, which may or may not be related to fundamental properties of the Navier-Stokes equations. In
wind engineering in particular phase-randomised random processes matching the spectral properties of
atmospheric turbulence are applied for design and certification purposes [1,2]. By construction such processes cannot reproduce the coherent structures and intermittent fluctuations of atmospheric turbulence.
This contribution investigates the statistics of phase dynamics in measurements on turbulent flows. In
particular, it is discussed how the stochastic features of phases can be estimated from measurements on
turbulent flows, and modelled by means of stochastic processes. Subsequently it is straightforward to
include phase correlations in synthetically generated turbulence and to reproduce some intermittent features of turbulent flows. Improved algorithms are expected not only to be relevant in wind engineering,
but can also act as inflow data for direct numerical simulations in more general problems.
[1] Paul S. Veers, Three dimensional wind field simulation, technical report, Sandia National Labs.,
1988.
[2] Jakob Mann, Wind field simulation, Probabilistic Engineering Mechanics 13(4), 1998.

Mutual diffusion coefficients for binary mixtures of liquids near the consolute CT6-2
point. Experiment and modelling
16:35
V. Sechenyh [1], V. Shevtsova [1], and J. C. Legros [1]
[1] Microgravity Research Centre, Universite Libre de Bruxelles (ULB), EP - CP165/62, Avenue F.D.
Roosevelt 50, B-1050 Brussels, Belgium
The aim of our work is to extend the systematic studies of diffusion in a close region of the consolute
point. Knowledge of diffusion critical behaviour is important for technical and scientific applications in
such fields as supercritical-fluid chemistry, treatment of hazardous waste, geochemistry of hydrocarbon
reservoirs, etc. Analysis of models for diffusion near the consolute point is not possible without reliable
experimental information. We report results of measurements of mutual diffusion coefficients in a region close to the consolute point, for a cyclohexane/methanol mixture. Temperature and concentration
dependence of diffusion was measured by the Taylor dispersion technique and compared with results
obtained by different experimental techniques. Our results were also used for analysis of existing theoretical models.

On jet sharpening and the equilibration of the meridional-asymmetric barotropic CT6-3
instability
16:55
N. Harnik [1], D. Dritschel [2], and E. Heifetz [1,3]
[1] Department of Geophysical, Atmospheric and Planetary Sciences, Tel-Aviv University, Israel
[2] Mathematical Institute, University of St Andrews, Scotland
[3] Department of Meteorology, Stockholm University, Stockholm, Sweden
Jet sharpening is a robust and persistent process which is inherent to jet formation and maintenance
in a wide range of geophysical flows. Its resilience against the action of vortices stems from a positive
feedback of the potential vorticity-flow invertibility relation. Most idealized studies of jet sharpening
have examined jet sharpening in the presence of prescribed potential vorticity (PV) anomalies, in which
135

Tuesday 16:15-18:30

Fluid dynamics III

CT6

this positive feedback is most easily understood. This study examines the equilibration and sharpening
of a barotropically unstable jet, by eddies which arise spontaneously on it. We construct the simplest
model of an unstable jet in which sharpening can occur - a beta- plane QG barotropic fluid with a zonal
strip of negative vorticity, alongside a two-step increase of vorticity to its north. This configuration can
be sharpened by the narrowing of the gap in the positive vorticity jump. An extensive parameter sweep
allows us to determine how the basic state vorticity and jet structure, in particular the gap structure, and
the eddy kinetic energy and wavenumber, depend on the initial negative PV jump and gap width and
on beta. We find three evolution states: The initial barotropic instability ends in the breakup-up of the
negative PV strip into vortices. In the second stage, the vortices drift away from the remaining adjacent
positive PV jumps, and while they deform and break up due to vortex shearing/colliding/merging, the
vorticity interfaces becomes wavy, with increasing wavelength and the gap between them narrows. This
stage nicely shows the upscale energy cascade in the waves, alongside the downscale vorticity cascades
in the vortices. In the final stage, the remaining interface waves evolve forming intricate PV filamentation patterns.

CT6-4 PDF-equation approach to heat transport processes in turbulent Rayleigh-Bénard
17:30 convection
J. Lülff
Institute for Theoretical Physics, University of Münster, Münster, Germany
Rayleigh-Bénard convection is the convection of a fluid enclosed between two plates that is driven by
a temperature difference. It is the idealized setup of a phenomenon ubiquitous in nature and technical
applications. We investigate the statistics of turbulent temperature fluctuations for a fluid enclosed in a
cylindrical vessel. Starting from first principles, we derive an exact evolution equation for the probability density function (PDF) of temperature. The unclosed terms that appear in our ansatz are re-expressed
as conditional averages of velocities and heat diffusion, which are obtained from direct numerical simulations. These statistical quantities are then connected to the dynamics and transport mechanisms of
Rayleigh-Bénard convection, which gives deeper insights into the nature of different temperature statistics and transport mechanisms in different regions of the flow, i.e. in the boundary layers, the bulk and
the sidewall regions.

CT6-5 Buoyancy effects on three-dimensional waves in iodate-arsenous acid reactions
17:50 L. S̆ebestíková
Institute of Hydrodynamics, Academy of Sciences of Czech Republic, Pod Patankou 30/5, 160 00
Prague 6, Czech Republic
Traveling waves in an extended reactor, whose width cannot be neglected, represent a three-dimensional
(3D) reaction-diffusion-convection system. In this system, the effects of buoyancy-driven convection
were investigated experimentally. The 3D waves traveled through horizontal layers of the iodate–
arsenous acid (IAA) reaction solution containing excess of arsenous acid. The depth of the reaction
solution was the examined parameter. An increase of wave velocity was obtained in response to an increase of the intensity of the buoyancy-driven flow. Convection also distorted the front of the chemical
waves. For layers deeper than 13 mm, heat release became smaller than heat production, causing the
emergence of Rayleigh-Bénard convection cells. At the interface, a dependency of wave shape on the
liquid depth was observed. For h < 7 mm, the waves adopted a stable V-like shape, while for h > 13
mm a parabolic shape dominated. For 7 < h < 13 mm, both shapes were realized with the same probability. Finally, intermittent switching between stoichiometric regimes was observed as an unexpected
effect of the buoyancy-driven convection, expressed by iodine enrichment in the product. Hence, the
experiments demonstrated that the buoyancy-driven convective flow can cause long-lived, but nevertheless transient, changes in the chemical composition.
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Crooks’ fluctuation theorem for a process on a 2D fluid field
J. Gundermann [1], J. Bröcker [2], and H. Kantz [1]
[1] Max-Planck-Institut für Physik komplexer Systeme, Dresden, Germany
[2] Department of Meteorology, University of Reading, UK
We investigate the behavior of two-dimensional inviscid and divergence-free fluid flow in a truncated
system when it is pushed out of equilibrium. For a sufficiently large number of degrees of freedom,
the equilibrium statistics of the flow can be described through a canonical ensemble approach with two
conserved quantities, energy and enstrophy. To perturb the system out of equilibrium we change the
shape of the domain according to a protocol. Evolving along a forward and its corresponding backward
process, we find numerical evidence that the statistics of the work performed fulfills Crooks relation
pf (W )/pb (−W ) = expβ(W −∆F ) . The parameters ∆F and β are given through the formal analogy to
the canonical ensemble approach as the free energy difference and, respectively, the inverse temperature
1/kT . In the considered system β can have both signs, Crooks relation holds in both cases.
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Self-organized routing of information in hierarchic networks of oscillators
D. Battaglia [1,2], C. Kirst [1,2], and E. A. Martens [1,3]
[1] Max Planck Institute for Dynamics and Self-organization, Göttingen, Germany
[2] Bernstein Center for Computational Neuroscience, Göttingen, Germany
[3] Technical University of Denmark, Kgs. Lyngby, Denmark
Many complex networks, ranging from neural or gene regulatory circuits to ecological or social systems, display a hierarchic topology with strong and dense connections within communities and weaker
or more diluted connections between communities [1]. Nodes of these networks of networks are frequently endowed with an intrinsic oscillatory dynamics, describing cyclical fluctuations of observables,
like neuronal activity [2,3], gene expression levels [4], or ecologic population densities [5]. Especially
in the case of neural networks, it has been proposed that flexible oscillatory coherence between the activity of different neurons or neuronal population might subserve the dynamic control of communication
between them. In particular, according to the influential communication-through-coherence hypothesis
[6], two neuronal pools can exchange information efficiently only if their ongoing oscillations are coherent and in a proper phase-alignment. Here, we analyze multi-scale synchronization in general hierarchic
networks of phase-reduced stochastic oscillators. Synchronization can arise within communities and,
then, across communities. By deriving analytic expressions for mutual information between oscillation
phases, we assess the strength and the dominant directionality of “information flow (effective interaction) between arbitrary pairs of nodes or, based on multiple averaging steps, of network communities.
We show then that changes in the synchronization pattern within a local community —due to multistability or triggered by update of few links or intrinsic frequencies— can reconfigure non-locally the
dominant direction of information flow between remote communities [7]. We furthermore show how
specific communities of strongly connected nodes in a hierarchic network can be effectively excluded
from the functional network across which information is exchanged efficiently. It is possible indeed to
set the considered hierarchic network into a chimera state [8] in which some of the communities have an
internally phase-locked activity but others are internally phase-drifting [9]. Due to the resulting absence
of lasting coherence with the other synchronized communities, these phase-drifting communities cannot anymore rely on communication-through-coherence mechanisms to receive or transmit streams of
information. We show finally that such chimera states are multi-stable, allowing different network communities alternatively to be kept in or taken out the functional network of communication. Furthermore
these chimera states are robust even towards very large heterogeneity of the intra- and inter-community
coupling strengths.
[1] Newman, M. E. J., Nat Phys 8, 25–31 (2011).
[2] Sompolinsky, H., Golomb, D., Kleinfeld, D., Proc Natl Acad Sci USA 87, 7200–7204 (1990).
[3] Cabral, J., Hugues, E., Sporns, O., Deco, G., NeuroImage 57, 130–139 (2011).
[4] Riedel-Kruse, I. H., Müller, C., Oates, A. C., Science 317, 1911–1915 (2007).
[5] Massie, T. M. et al., Proc Natl Acad Sci USA 107, 4236–4241 (2010).
[6] Fries, P., Trends Cogn Sci (Regul Ed) 9, 474–480 (2005).
[7] Kirst, C., Timme, M., Battaglia, D. In preparation.
[8] Abrams, D.M., Strogatz, S.H., Phys Rev Lett 93, 174102 (2002).
[9] Martens, E.A., Phys Rev E, 82, 016216 (2010).
[10] Martens, E.A., Battaglia, D. In preparation.
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CT7-2 Noise- versus coupling-induced synchronization in a network of chaotic neurons
16:35 R. Meucci [1], M. Ciszak [1], S. Euzzor [1], A. Geltrude [1], and F. T. Arecchi [1, 2]
[1] CNR-Istituto Nazionale di Ottica, Largo E. Fermi 6, 50125 Firenze, Italy
[2] Dipartimento di Fisica, Università di Firenze, Via Sansone 1, I-50019 Sesto Fiorentino (FI), Italy
The synchronization in four forced FitzHugh-Nagumo (FHN) systems is studied, both through an experimental approach as well as by numerical simulations of a model. We show that synchronization may
be achieved either by coupling of systems through bidirectional diffusive interactions, or by a common
noise applied to all of them. Here we consider white and color noises, showing that the color noise is
more efficient in synchronizing the systems. Moreover, the small addition of common noise allows the
synchronization to occur at smaller values of the coupling strength. When the diffusive coupling in the
absence of noise is considered, the system undergoes dynamical changes including spikes suppression,
leading the system to subthreshold oscillations. We show that noise destroys the appearance of this
dynamical regime induced by coupling.

CT7-3 Computational performance of a single bandpass electro-optic delay oscillator
16:55 L. Appeltant [1], S. Ortin [2], G. V. D. Sande [1], L. Pesquera [2], and J. Danckaert [1]
[1] Applied Physics Research Group (APHY), Vrije Universiteit Brussel, Pleinlaan 2, B-1050 Brussel,
Belgium
[2] Instituto de Fısica de Cantabria, IFCA (UNICAN-CSIC), Av. Los Castros s/n, E-39005 Santander,
Spain
We numerically investigate optical information processing using a nonlinear opto-electronic oscillator subject to delayed feedback. We implement a neuro-inspired concept, called reservoir computing,
using the transient dynamics of the delayed feedback system. Reservoir computing has recently been
put forward as the generic name of a new research line in machine learning. Within the framework of
the EC project PHOCUS a new approach to implement the reservoir has been identified: we show that
a single nonlinear node with delayed feedback can replace an entire network of e.g. 400 nodes, maintaining similar processing power. The transient dynamics of the system is used to implement a virtual
network structure and to nonlinearly mix inputs in order to do classification or prediction tasks. We performed numerical simulations to determine the performance of an Ikeda-type nonlinearity with delayed
feedback. An Ikeda NL is often encountered in electro-optical systems. The timescales in our system
are the delay time, the timescales related to the bandpass filter and the mask modulation time. It was
already identified that the interplay of these three time scales gives rise to a large variety of oscillatory
regimes and complex dynamical behaviour. The multiple time scale dynamics and more specifically
the bandwidth of the bandpass filtering creates an adequate virtual interconnection structure allowing
for classification and computation. The performance of this system is quantified using the NARMA10
task, which is considered to be a standard benchmark in the reservoir computing field. We obtain performances comparable to those of the state of the art traditional neural networks, which employ several
hundreds nonlinear nodes.

CT7-4 Scale and architectural properties of spiking neural networks with associative
17:30 memory
E. J. Agnes [1], R. Erichsen Jr. [1], and L. G. Brunnet [3]
[1] Instituto de Física, Universidade Federal do Rio Grande do Sul, Porto Alegre, Brazil
Memories or any information processed by the brain are associated to connections among neurons.
It is well established that learning includes mechanisms based on the Hebb hypothesis, which consists
basically on potentiating and depressing connections between neurons with correlated and uncorrelated
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activities, respectively. Despite the recent focus on on-line and unsupervised learning, which studies
the emergence of memory association through self organization of dynamic connection weights by the
neurons activity, the relationship between network size and memory retrieval in systems with spiking
neurons and static connections is not completely elucidated. In this context, we have implemented
static connections among neurons following hebbian-like rules on which we have included excitatory
and inhibitory synapses together with gap junctions. The system is built up to store memories as basin
attractors and retrieve them from distinct external excitations. The process consists in transforming,
for each specific memory, different spatial inputs into similar spatio-temporal responses. Applying a
dimensional reduction method, principal component analysis, on a spike-rate space, we show that the
network activity generates trajectories that allow recognition and discrimination among different memorized patterns. Varying the number of stored patterns, we find transitions between complete, partial
and non retrieval regimes. Furthermore, we show that the retrieval quality does not scale linearly with
the system size and that it is directly affected by changing the synaptic architecture, such as removing
gap junctions or including random synaptic connections.

Slow and fast transients to synchrony in pulse-coupled oscillator networks
A. Rothkegel [1,2,3] and K. Lehnertz [1,2,3]
[1] Department of Epileptology, University of Bonn, Bonn, Germany
[2] Helmholtz Institute for Radiation and Nuclear Physics, University of Bonn, Bonn, Germany
[3] Interdisciplinary Center for Complex Systems, University of Bonn, Bonn, Germany

CT7-5
17:50

We study random networks of excitatory pulse-coupled integrate-and-fire-like oscillators. Depending
on parameters, these networks can show stable asynchronous behavior and different kinds of transitions
to complete synchrony. Some transients are characterized by a slow, steady increase in sycnhrony, other
transients are characterized by a fast avalanche-like increase. In order to gain a better understanding
of the dynamics, we derive a master equation that describes the population of oscillators taking into
account recurrent connections and large coupling strengths. The derived equation is a non-linear partial
differential equation with state-dependent delays. We discuss the emergence of transients in solutions
of this equation.

Discrete autowaves in neural systems

CT7-6
18:10

S. Glyzin
Yaroslavl State University, Yaroslavl, Russia
It is well known that self-excited oscillations in neural systems exhibit two particular features, namely,
the bursting effect and the buffer phenomenon. The former is characterized by pulse packets (series of
intensive peaks) alternating with relatively quiet segments of membrane potential variations. The latter
is said to occur when any prescribed finite number of coexisting attractors are observed in a dynamical
system with a suitable choice of parameters.
Bursting behavior has been addressed in numerous publications. As a rule, the mathematical modeling of this effect is based on singularly perturbed systems of ordinary differential equations with one
slow and two fast variables, in which stable bursting cycles (periodic motions with a bursting effect)
exist under certain conditions. Another approach involves time delays.
A somewhat different situation occurs with the buffer phenomenon. Although it represents a fundamental law governing nonlinear systems arising in various areas of natural sciences, no attention has
been given to this phenomenon in the neurodynamic literature. At the same time, it is clear that the
buffer phenomenon plays an important role in neural issues. For instance, the buffer phenomenon can
be used to explain the associative memory operation.
The problem arises of simultaneously describing these phenomena within the framework of a unified
mathematical model. Such a model is proposed. It is a system of coupled singularly perturbed scalar
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nonlinear differential-difference equation with two delays. This nonlinear differential-difference equation with two delays is considered to be a mathematical model of an isolated neuron. It is shown that
a one-dimensional chain of diffusively coupled oscillators of this type exhibits the buffer phenomenon.
More accurately, as the number of chain links increases consistently with decreasing diffusivity, the
number of coexisting stable periodic motions in the chain grows unboundedly.
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Dynamical properties of lipid membranes with embedded proteins in shear flows CT8-1
A. Khoshnood and M. A. Jalali
16:15
Department of Mechanical Engineering, Sharif University of Technology, Tehran, Iran
Flows inside and outside a living cell exert shear stresses on the cell membrane. These stresses can
stimulate several intracellular processes. One example is the G-protein-coupled receptors which go
through conformational changes when fluidity of the membrane is increased either by shear stress induced by the flow or by fluidizing agent [Chachisvilis et al., PNAS, 2006]. We use coarse-grained
molecular dynamics simulations to investigate the dynamical properties of lipid membranes with embedded transmembrane proteins in a shear flow. We measure the diffusion coefficients of the solvent,
lipid and protein molecules in the membrane plane in both the flow direction and perpendicular to it.
Our results show an anomalous diffusion of proteins in sheared flows. We discuss the physical mechanism causing the anomalous dynamics using the trajectories of individual proteins. Our results lead to
new macropscopic equations that govern the dynamics of proteins in membranes under flow.

Pearls: self-organized natural ratchets
J. H. E. Cartwright [1], A. G. Checa [1,3], M. Rousseau [2], and A. Vasiliu [4]
[1] Instituto Andaluz de Ciencias de la Tierra, CSIC–Universidad de Granada, Campus Fuentenueva,
E-18071 Granada, Spain
[2] CNRS, UMR7561 Physiopathologie, Pharmacologie et Ingénierie Articulaires, Faculté de médecine,
9 Avenue de la forêt de Haye, BP 184, F-54505 Vandoeuvre les Nancy, France
[3] Departamento de Estratigrafía y Paleontología, Facultad de Ciencias, Universidad de Granada, E18071 Granada, Spain
[4] National Centre for Sustainable Development, Bucharest, Romania

CT8-2
16:35

Pearls, the most flawless and highly prized of them, are perhaps the most perfectly spherical macroscopic bodies in the biological world. How are they so round? Why are other pearls solids of revolution,
and yet others have no symmetry? We demonstrate that pearl rotation is a self-organized phenomenon
sustained by physical forces from the growth fronts in the pearl, and that rotating pearls are a — perhaps unique — example of a natural ratchet. With a rare spherical pearl the growth fronts of nacre are
disorganized spirals and target patterns, but as soon as any perturbation — from a growth defect, for
instance — gives a preference for a particular rotation axis, the growth fronts begin to orient themselves
parallel to that axis via a form of Mullins-Sekerka instability and lock the pearl into rotation about the
axis, which leads to the pearl becoming a non-spherical body of revolution. If there are defects or other
external factors that impede rotation, the pearl grows without any symmetry axis as a so-called baroque
pearl. Hence the three main categories of cultured pearls: round pearls, pearls with rotational symmetry
(off-round, drop, ringed), and baroque pearls. As well as explaining pearl morphologies, the understanding of the pearl as a natural ratchet should have some interest for technological applications.

First unsteady solutions to the Poisson-Nernst-Planck system
J. Schönke
University of Heidelberg, Interdisciplinary Center for Scientific Computing, INF 368, 69120 Heidelberg, Germany
The Poisson-Nernst-Planck (PNP) equations describe the continuum limit dynamics for the drift and
diffusion of (self-interacting) charged particles. These equations are widely used in areas such as the
modeling of biochemical phenomena on the molecular scale or in simulations of semiconductor physics.
We present the first unsteady analytical solutions to the full (nonlinear) PNP system for a single species
in the one and multidimensional case. We further illustrate interesting similarities to the vector Burgers
equation. Actually, solutions to the Burgers equation are used to construct the solutions to the PNP
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CT8-4 Cell motility: a viscous fingering analysis of active gels
17:30 M. B. Amar [1], O. V. Manyuhina [2], and G. Napoli [3]
[1] Laboratoire de Physique Statistique, Ecole Normale Supérieure, UPMC Univ Paris 06, Université
Paris Diderot, CNRS, 24 rue Lhomond, 75005 Paris, France
[2] Nordita, Royal Institute of Technology Stockholm University, Roslagstullsbacken 23, SE-10691
Stockholm, Sweden
[3] Dipartimento di Ingegneria dell’Innovazione Università del Salento, Via per Monteroni – Edificio
Corpo O, I-73100 Lecce, Italy
Symmetry breaking of the actin network from radial to longitudinal symmetry has been identified as the
major mechanism for keratocytes (fish cells) motility on solid substrate. For a strong friction coefficient,
the two-dimensional actin flow – which includes the polymerisation at the edge and depolymerisation
in the bulk – can be modelled as a Darcy flow, the cell shape and dynamics being then modelled by
standard complex analysis methods. We use the theory of active gels to describe the orientational order
of the filaments which varies from the border to the bulk. We show analytically that the reorganisation of
the cortex is enough to explain the motility of the cell and find the velocity as a function of the tensorial
order parameter in the bulk.
[1] M. Ben Amar, O. V. Manyuhina and G. Napoli, Eur. Phys. J. Plus 126, 19, 2011

CT8-5 Universality of weak selection
17:50 B. Wu
MPI for Evolutionary Biology, Plön, Germany
Weak selection, which means that a phenotype is slightly advantageous over another, is an important
limiting case in evolutionary biology. Recently it has been introduced into evolutionary game theory. In
evolutionary game dynamics, the probability to be imitated or to reproduce depends on the performance
in a game. The influence of the game on the stochastic dynamics in finite populations is governed
by the intensity of selection. In many models of both unstructured and structured populations, a key
assumption allowing analytical calculations is weak selection, which means that all individuals perform approximately equally well. In the weak-selection limit, many different microscopic evolutionary
models have the same or similar properties. How universal is weak selection for those microscopic evolutionary processes. We answer this question by investigating the fixation probability and the average
fixation time not only to linear, but also to higher orders in selection intensity. We find universal higherorder expansions, which allow a rescaling of the selection intensity. With this, we can identify specific
models which violate (linear) weak selection results, such as the one–third rule of coordination games
in finite but large populations.

CT8-6 Mathematical modelling of microtubule-based bi-directional transport
18:10 C. Lin [1,2], P. Ashwin [1], and G. Steinberg [2]
[1] College of Engineering, Mathematics and Physical Sciences, University of Exeter, Exeter, UK
[2] School of Biosciences, University of Exeter, Exeter, UK
Bi-directional transport of early endosomes (EEs) in hyphae involves microtubules (MTs) and the
opposite-directed motors kinesin-3 and dynein. Kinesin-3 moves EEs towards the microtubule plus
ends at the cell periphery, whereas dynein takes the organelles to the minus ends. Dynein accumulates
at the plus ends and this accumulation is suggested to capture EEs for retrograde transport towards the
minus ends. By combining in-vivo experiments and asymmetric simple exclusion process (ASEP)-like
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modelling on a single MT near the hyphal tip with empirical data, we show that the comet-like accumulation of dynein at the plus ends of MTs is formed due to stochastic motor behaviour as well as a control
mechanism.
More recently, we extend this modelling approach to model the bidirectional transport through the
entire hyphae cell where MTs are shown to form an antipolar bundle. In the model, the MTs are coupled
at minus ends where organelles can switch between MTs on which move. By mean-field approximation
and numerical simulations, we discuss how this antipolar bundle affects transport properties and phases
of density profiles within the model. In particular, we quantify how the switching between MTs influences the type of motor that dominates the active transport. The influence of the antipolar bundling of
MTs predicted from the model will inform further experimental designs.
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Wave-pattern selection in excitable media
V. S. Zykov and E. Bodenschatz
Max Planck Institute for Dynamics and Self-Organization, D-37077 Goettingen, Germany

CT9-1
16:15

A free-boundary approach is elaborated to derive universal relationships between the medium excitability and the main parameters of rigidly rotating spiral waves and stabilized wave segments. These wave
patterns play an important role in spatio-temporal pattern formation in a variety of different physical,
chemical and biological systems such as cardiac tissue, catalytic surface reactions, concentration waves
in the Belousov-Zhabotinsky reaction or during cell aggregation of Dictyostelium discoideum.
In addition to commonly considered TT waves (the wave front and the wave back are trigger waves)
we have studied TP waves (the wave front is a trigger wave while the back is a phase wave). The results
obtained in this study indicate an important role of a specific dimensionless parameter as a universal
characteristic of the medium excitability. For TP waves as well as for TT waves this parameter appears
quite naturally after a rescaling of the free-boundary equations that stress its generality. However, a
strong quantitative difference between the properties of TT and TP waves is clearly demonstrated on the
considered example of the stabilized wave segment and rigidly rotating spiral waves.

Evolution of scroll rings in confined geometry
A. Azhand , R. Buchholz , T. Reinhard , and H. Engel
Institute for Theoretical Physics, TU Berlin, Hardenbergstr. 36, EW 7-1, D-10623 Berlin, Germany

CT9-2
16:35

Undamped propagation of travelling scroll-wave activity has been observed in a variety of dissipative
non-equilibrium systems including chemical waves, temperature waves in solid fuel combustion, and
waves of electrical activity in heart tissue, for example. In this talk, we discuss modifications to the
intrinsic dynamics of a scroll ring due to perturbations that originate from the interaction of the ring
with a Neumann boundary in a thin layer of the photosensitive Belousov-Zhabotinsky reaction (PBZR).
In particular, we report on boundary-mediated suppression of the negative line tension instability and
the formation of autonomous pacemakers. We have developed a robust experimental method for reproducible initiation of scroll waves in an open gel-reactor of the PBZR. Experimental results are compared
to numerical simulations with the underlying Oregonator model of the PBZR.

Localized structures in systems with delay
S. Gurevich and R. Friedrich
Institut for Theoretical Physics, Wilhelm-Klemm-Str.9, 48149 Münster, Germany

CT9-3
16:55

We are interested in the stability of single localized structures in reaction-diffusion systems subjected
to a delayed feedback. We show that the presence of the delay can induce complex behavior of the
localized structures, including, e.g., spontaneous motion, breathing of the localized objects, or complex
multimode instabilities. In the case of spontaneous motion, the corresponding normal form is derived.
In addition, stabilization of breathing localized structures by time-feedback control is discussed.

Phase-reduction analysis of coupled spirals in reaction-diffusion systems
H. Nakao [1], T. Yanagita [2], and Y. Kawamura [3]
[1] Tokyo Institute of Technology, Tokyo, Japan
[2] Osaka Electro-Communication University, Osaka, Japan
[3] Japan Agency for Marine-Earth Science and Technology, Japan
We analyze coupled spirals and other periodic solutions in activator-inhibitor reaction-diffusion systems
by generalizing the conventional phase-reduction method for low-dimensional limit cycles to stable periodic solutions in infinite-dimensional reaction-diffusion systems. By introducing a phase variable to
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the stable periodic solution and locally approximating its isochrons, we derive a formula that gives the
phase-sensitivity function of the periodic solution, a central quantity for the phase reduction quantifying
linear phase-response properties of the periodic solution to weak spatial perturbations. We calculate
the phase-sensitivity functions of spiral, target, and other periodic solutions, characterize their spatial
distributions, and use them to explain in-phase, anti-phase, and other types of phase-locking behaviors
between mutually interacting periodic solutions.

CT9-5 Self-organized surface patterns induced by single femtosecond laser pulses
17:50 E. L. Gurevich
Ruhr-University Bochum, Department of Laser Applications Technology, Bochum, Germany
Self-organized patterns appear on smooth surfaces as they are exposed to single or multiple femtosecond
laser pulses. Stripes, cells, isolated features or maze-like pattern can be observed after the resolidification of the melt surface layer. The patterns are observed on dielectric and conductive surfaces exposed
to single or multiple pulses in a broad range of experimental parameters. Topology and characteristics of the pattern as well as dependence of the pattern characteristics on the control parameters are
overviewed. Possible physical mechanisms, such as hydrodynamic instabilities or excitation of surface
plasmon-polariton waves are discussed. It is demonstrated that the cell-like pattern can be assigned to
explosive boiling of the superheated melt on the surface.

CT9-6 Three-dimensional wave propagation in thin layers of the photosensitive Belousov18:10 Zhabotinsky reaction
P. A. Kolski , F. Paul , and H. Engel
Institute for Theoretical Physics,TU Berlin, Hardenbergstr. 36, EW 7-1, D-10623 Berlin, Germany
In the past, a variety of wave phenomena including target patterns, spiral waves and chemical turbulence have been studied in thin transparent layers of the photosensitive Belousov-Zhabotinsky reaction
(PBZR). With a few exceptions, in the quasi two-dimensional experimental set-up three-dimensional
effects on wave propagation were neglected because of the small layer thickness. In this talk, we
demonstrate that under certain conditions even in thin layers (thickness 0.5-0.8 mm) three-dimensional
scroll waves can be formed. Scroll-wave formation leads to unexpected phenomena such as reflective
wave collision, wave splitting in response to external perturbation, and formation of autonomous pacemakers. The interaction with layer boundaries can deeply modify evolution and stability of a scroll
wave compared to the situation in an unbounded medium. Numerical simulations of the underlying
reaction-diffusion equations confirm the three-dimensional nature of the mechanism responsible for the
experimental observations.
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Record occurrence and record values in a warming climate
G. Wergen [1], J. Krug [1], and A. Hense [2]
[1] Institute for Theoretical Physics, University of Cologne, Cologne, Germany
[2] Meteorological Institute, Bonn University, Bonn, Germany

CT10-1
16:15

We analyze the occurrence and the values of record-breaking temperatures in daily and monthly temperature recordings. We employ a simple mathematical model of independent and identically distributed
random variables with a linearly growing mean. This model allows us to estimate the effect of global
warming on the statistics of hot and cold records. We compare our analytical results with observational
data from both European and American weather stations as well as Re-analysis data. While the effect of
climatic change on the number of records is relatively simple to describe, the record values are affected
in a more complicated way that depends both on the season and the region where the temperatures are
measured. While in the summer months record values a more extreme because of global warming, in
the winter a strong asymmetry of the distribution of daily temperatures dominates the behavior.

Breath figures: nucleation, growth, coalescence, and the size distribution of droplets CT10-2
16:35

J. Blaschke [1,2], T. Lapp [1,2], B. Hof [1], and J. Vollmer [1,2]
[1] Max-Planck-Institut für Dynamik und Selbstorganisation (MPIDS), 37077 Göttingen, Germany
[2] Fakultät für Physik, Universität Göttingen, 37077 Göttingen, Germany

The analysis of the size distribution of droplets condensing on a substrate (breath figures) is a test
ground for scaling theories. Here, we show that a faithful description of these distributions must explicitly address the nucleation and the growth mechanisms of the droplets. This finding establishes a
gateway connecting microscopic features of droplets on surfaces to gross features of the evolution of
the droplet size distribution. Consequences on the modelling of other systems with vastly polydisperse
droplet size distributions, like water droplets in clouds, will also be discussed.

Propagation of chaos and the Boltzmann equation
B. Wennberg
Mathematical Sciences, Chalmers University of Technology, Gothenburg, Sweden

CT10-3
16:55

When deriving the equation bearing his name, Boltzmann made the assumption that two particles that
enter in collison are statistically uncorrelated. After the collision they are not, of course, and one might
worry that with time, correlations build up so rapidly that the assumption is not met. Actually from a
mathematical point of view, there is still no complete proof, although some progress has been made. A
mathematically stringent formulation of Boltzmann’s assumption was given by Mark Kac, who called
it "propagation of chaos". I will explain this concept, and present some complete results for simplified
models of real particle systems, including models for animal swarms.
[1] Clément Mouhot, Stéphane Mischler, Bernt Wennberg, A new approach to quantitative propagation of chaos for drift, diffusion and jump processes, submitted (preprint, http://xxx.lanl.gov/abs/1104.5310)
[2] Eric Carlen, Robin Chatelin, Pierre Degond, Bernt Wennberg: Kinetic Hierarchy and Propagation of Chaos in Biological Swarm Models, Physica D, online http://dx.doi.org/10.1016/j.physd.2012.05.013

What lies beneath: a study of desiccation cracks over patterned substrates
P. Nandakishore [1] and L. Goehring [1]
[1]Max Planck Institute for Dynamics and Self-Organization (MPIDS), 37077 Göttingen, Germany
From cracks on planetary surfaces to cracks in dried paint, contraction cracks occur at various length
scales and, following linear elasticity theory these patterns should scale across these length scales. We
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study contraction cracks on the surface of a planet, these cracks provide us with information about buried
craters and stratified structures. We build small-scale models of these cracks by generating them over
patterned substrates in the lab. To this effect, we look at desiccated mud cracks by drying a bentonite
slurry over a sinusoidal substrate time evolution of the pattern is studied using time lapse photography.
The relevant parameters in this problem are the layer height, wavelength and amplitude of the substrate.
We decipher information about the substrate by studying the angle distribution and crack density of
the crack pattern. We show that a highly anisotropic crack pattern is formed when the wavelength is
similar to the layer thickness. The first generation cracks lie near but not directly over the peaks of the
substrate which can be explained by a local energy minimization argument. Subsequent cracks appear
perpendicular to the first generation cracks. Furthermore, with increasing layer heights, cracks in the
connected network diverge from being parallel or perpendicular to the peaks of the substrate. The above
observations combined with theoretical arguments provide a means of interpreting what lies beneath the
crack pattern.

CT10-5 Competition between instanton and non-instanton in multidimensional barrier
17:50 tunneling
K. Takahashi [1] and K. S. Ikeda [2]
[1] The Physics Laboratories, Kyushu Institute of Technology, Kawazu 680-4, Iizuka 820-8502, Japan
[2] Department of Physics, Ritsumeikan University, Noji-higashi 1-1-1, Kusatsu 525-8577, Japan
In multidimensional barrier tunneling, there exist two different types of tunneling mechanisms, instanton type tunneling and non-instanton tunneling. We investigate the transition between the two tunneling
mechanisms from the semiclassical and quantum view points taking two simple models: a periodical
perturbed Eckart barrier for the semiclassical analysis and a periodically perturbed box potential for
the quantum analysis. As a result, similar transitions are observed with change of the perturbation frequency for both systems. In the middle frequency range, in which the plateau spectrum is observed,
the non-instanton tunneling dominates the tunneling process and the tunneling rate takes the maximum
value in this range. The non-instanton tunneling explained by stable-unstable manifold guided tunneling (SUMGT) from the semiclassical view point is interpreted as multiphoton-assisted tunneling from
the quantum view point. In the low frequency limit, instanton type tunneling takes the place of noninstanton tunneling and the tunneling rate converges on a constant value depending on the perturbation
strength. The spectrum is localized around the input energy, and there is a scaling law for its width.
In the high-frequency limit, the tunneling rate converges on that of the unperturbed system, i.e., unperturbed instanton.
[1] K.Takahashi and K.S.Ikeda, Europhysics Letters, 71, 193-199 (2005). [2] K.Takahashi and
K.S.Ikeda, Phys.Rev.Lett., 97, 240403 (2006) with erratum Phys.Rev.Lett., 107, 219903(E) (2011) [3]
K.Takahashi and K.S.Ikeda, J.Phys.A.:Math. Gen. 41, 095101 (2008). [4] K.Takahashi and K.S.Ikeda,
Phys.Rev.A, 79, 052114 (2009). [5] K.Takahashi and K.S.Ikeda, J.Phys.A: Math. Theor., 43, 192001
(2010). [6] K.Takahashi, "Semiclassical analysis of muti-dimensional barrier tunneling" in "Dynamical tunneling: Theory and Experiment" eds. S.Keshavamurthy and P.Schlagheck (CRC Press Taylor &
Francis Group 2011), pp.95-117. [7] K.Takahashi and K.S.Ikeda, Phys.Rev.E, 84, 026203 (2011).

CT10-6 Exploding dissipative solitons in two dimensions
18:10 J. Cisternas , C. Cartes , and O. Descalzi
Complex Systems Group, School of Engineering and Applied Sciences, Universidad de los Andes, Santiago, Chile
We investigate the properties and the transitions of exploding dissipative solitons in two spatial dimensions as they have been found by Akhmedievs group for the cubic-quintic complex Ginzburg-Landau
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equation. Keeping all parameters fixed except for the distance from linear onset, we covered a large
range of parameter values. We found solitons that explode keeping its radial symmetry at all times, and
solitons that break their symmetry as they grow and deform, before collapsing back to the soliton state.
The asymmetrical explosions generate a random motion that makes the soliton drift diffusively in the
plane.
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Drying patterns of colloidal dispersions
L. Goehring [1], J. Vesaratchanon [1], J. Li [2], and B. Cabane [2]
[1] Max Planck Institute for Dynamics and Self-Organization (MPIDS), Göttingen 37077, Germany
[2] PMMH, CNRS UMR 7636, ESPCI, 10 rue Vauquelin, 75231 Paris Cedex 05, France

CT11-1
16:15

Drying colloidal films, such as many paints or coatings, may form into a flat homogeneous layer, or
dry via the iconic coffee-ring effect, where nearly all solid material is deposited at the edge of the film.
In most cases, these materials are applied as a liquid dispersion, begin to dry from the edges inward
(directional drying), and change into a porous solid as the result of solvent evaporation. This involves
multiple different transport processes, with the film properties changing dramatically as drying proceeds. However, the connection between drying conditions and the different dried morphologies is not
well-understood, nor is the general physics controlling the dispersant/particle transport during drying,
especially for higher solid volume fractions. We have studied transport in drying colloidal materials via
small angle x-ray scattering, and particle tracking methods, for different particle sizes, film thicknesses,
volume fractions, and drying rates. Here, we can measure the ordering of particles, their volume fraction, the film thickness and the water content simultaneously. We will show that all material transport
occurs in a thin transition region, of finite width, that propagates ahead of the drying front. In this region, which behaves like a polarisation wave in filtration experiments, the gradient of osmotic pressure
balances the drag force exerted on the particles by capillary flow toward the liquid-solid front. This
balance, and the balance between diffusion and advection, give rise to a pair of emergent length scales
that govern the dynamics of the transition region. The growth or decay of such a region may lead to
uneven deposits, such as ridges near the film edges, or the ripples that are known to sometimes form
around a local obstruction to drying.

Coefficient of restitution for wet particles
F. Gollwitzer [1], I. Rehberg [1], C. A. Kruelle [2], and K. Huang [1]
[1] Experimentalphysik V, Universitaet Bayreuth, 95440 Bayreuth, Germany
[2] Maschinenbau und Mechatronik, Hochschule Karlsruhe - Technik und Wirtschaft, 76133 Karlsruhe,
Germany

CT11-2
16:35

The coefficient of restitution (COR), first introduced by I. Newton as the ratio between the relative
rebound and impact velocities of a binary impact, has been a subject of continuous interest over centuries. It characterizes the energy dissipation associated with the impact, which plays a key role in
understanding the collective behavior of macroscopic particles, i.e. the dynamics of granular matter.
In order to shed light on the dissipative nature of wet granular matter from a microscopic perspective,
we investigate experimentally the influence of a wetting liquid on the coefficient of restitution (COR)
by tracing freely falling particles bouncing on a wet surface. The dependence of the COR on the impact
velocity and various properties of the particle and the wetting liquid is presented and discussed in terms
of dimensionless numbers that characterize the interplay between inertial, viscous, and surface forces.
In the large Reynolds number regime where the lubrication theory does not apply, the ratio of the film
thickness to the particle size is found to be a crucial parameter determining the COR.

Patterns and instability with evaporation
K. E. Uguz and R. Narayanan
University of Florida, Gainesville, Florida, United States
There are several applications in chemical engineering in which convection phenomena play a very
important role, ranging from crystal growth and the coating of films to the casting of alloys and the
space processing of glasses and semiconductors and in most of those applications involve mixtures of
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fluids. Common to many of these problems is the occurrence of an interface such as a fluid-fluid or fluidsolid interface. When there is an interface there often occurs a form of interfacial instability wherein a
sudden change in interfacial pattern occurs as system control variable crosses a critical value.
In this study, evaporative convection accompanies the classical Rayleigh and Marangoni convection
phenomena. Having two or more fluids introduce solutal effects into the system such as concentration
dependence of density and concentration dependence of surface tension. Due to these new effects, binary
mixtures behave differently than pure ones. Pure evaporative convection, in the absence of gravity and
surface tension, can occur if the system is bounded by impermeable walls and there is a temperature
gradient at the interface.
In this work the effect of mass fraction, vapor dynamics and heating arrangement (heating from
below or above) are investigated. Calculations are done for a deflecting interface both in the presence
and absence of gravity. The results show that the deeper the liquid layer, the more unstable the system
becomes. However, a similar statement does not hold for the vapor layer height. For the vapor layer
height, there is a trade off between the buoyancy-driven convection and the stabilizing effect of vapor
flow of phase change even when buoyancy is ignored. Thus there is a turning point of stability for the
vapor height where the destabilizing effect of the buoyancy overcomes the stabilizing role

CT11-4 Characterization of the sling effect
17:30 G. P. Bewley
Max Planck Institute for Dynamics and Self-Organization, Göttingen, Germany
We report the first experimental support for the sling effect and for caustics produced by the slings. We
observed liquid water-alcohol droplets in a turbulent air flow. We followed the motions of the droplets in
three dimensions with two cameras (e.g. Ouellette et al. 2006). The turbulence was generated according
to the method described by Chang et al. (2012), and was approximately isotropic with a Taylor Reynolds
number of about 200. Two classes of droplets were present in the flow, one with a mean diameter of
about 10 microns, and another with a mean diameter of about 20 microns. The resulting Stokes numbers, St = tp /t, were between 0.1 and 0.7, depending on the intensity of the turbulence, where tp is the
droplet inertial response time, and t is the Kolmogorov time scale of the turbulence. When the Stokes
number of a droplet is low, it moves with the fluid, while for large Stokes numbers, turbulence may have
little influence on the droplet motion. Falkovich et al. (2002) predicted that for intermediate Stokes
numbers, both types of motion would occur in different regions of the flow. In this regime the inertia
of the droplets should be important only locally where the fluid is most strongly strained by turbulence.
That is, intermittent large gradients of the fluid velocity accelerate droplets until they break free from
the fluid and move ballistically. These so-called "slings" should occur increasingly often as the Stokes
number grows larger. The ballistic droplets not only move over the background fluid, but over groups
of other droplets, which increases the likelihood of collisions occurring between droplets. The regions
where groups of droplets interpenetrate are called caustics. Until now, neither slings nor caustics have
been observed in an experiment, and their existence has been substantiated only by numerical models
(e.g. Wilkinson and Mehlig 2005, Falkovich and Pumir 2007). In our experiment, we used two-droplet
statistics to characterize the droplet velocity field and its gradient. That is, we presume the existence of
a continuous droplet velocity field, which in our experiment we sampled at the positions of the physical
droplets. The evidence in support of the existence of slings includes: 1. The observation of droplet
motions consistent with the formation of caustics. 2. The existence of droplet velocity gradients that
were large enough relative to the droplet response time for slings to occur, according to the theory. 3.
The observation that on average, large negative droplet velocity gradients grew increasingly sharp over
time, consistent with the dynamics of a sling and with the eventual development of caustics. 4. The
observation that the ballistic droplet motions were uncorrelated with the background flow.
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Superfast thinning of a free-standing nanofilm
M. Winkler [1] and M. Abel [2]
[1] Potsdam University, Potsdam, Germany
[2] LEMTA-Lorraine University, Vandoeuvre les Nancy, France

CT11-5
17:50

Thin liquid films are the basic constituents of many industrial and natural processes, as they are nanoscopic
elements of foams, emulsions and suspensions. They may serve as a paradigm for nanochannel transport
that eventually reaches the limits of the hydrodynamic description. We present results on the thinning
behaviour of a thermally driven, vertically oriented, freestanding foam film. The nonequilibrium dynamics shows very rich structure formation and a very intricate convergence to the final state.
In equilibrium foam films reach a thickness of several nanometers, the so-called black film phase,
where the forces are governed by disjoining and capillary pressure. The driving we apply induces mixing and enhanced transport. As a very special structure we observe the creation of black film spots due
to fluctuations. These spots are transported in the mixing flow and thus lead to an exponentially fast
thinning towards the equilibrium state. We give experimental evidence and present a qualitative analysis.

Anisotropic coverings of fractal sets
M. Wilkinson [1], H. R. Kennard [1], and M. A. Morgan [2]
[1] Department of Mathematics and Statistics, The Open University, Milton Keynes, MK7 6AA, England, UK
[2] Department of Physics, Seattle University, Seattle, WA98122, USA
We consider the optimal covering of fractal sets in a two-dimensional space using ellipses which become increasingly anisotropic as their size is reduced. If the semiminor axis is  and the semi-major
axis is δ, we set δ = α , where 0 < α < 1 is an exponent characterising the anisotropy of the covers.
For point set fractals, in most cases we find that the number of points N which can be covered by an
ellipse centred on any given point has expectation value hN i ∼ β , where β is a generalised dimension.
We investigate the function β(α) numerically for various sets, showing that it may be different for sets
which have the same fractal dimension.
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A phylogenetic confidence interval for the optimal trait value
S. Sagitov and K. Bartoszek
Mathematical Sciences, Chalmers University of Technology, Gothenburg, Sweden

CT12-1
16:15

We consider a model for adaptive evolution of a phenotype across a family of related species with unknown phylogeny. The unknown species tree is modeled by a Yule process conditioned on having n tips.
The trait value is assumed to evolve along a lineage as an Ornstein-Uhlenbeck process characterized by
a certain adaptation rate and unknown optimal trait value.
For the vector of n trait values describing the outcome of such an evolution we study the moments of
the sample mean and sample variance. Our analytical and simulation results lead to a simple confidence
interval for the optimal trait value when the adaptation rate is larger than half the speciation rate.

The mechanics of stochastic slowdown in evolutionary games
P. M. Altrock [1], A. Traulsen [1], and T. Galla [2]
[1] Research Group for Evolutionary Theory, Max-Planck-Institute for Evolutionary Biology, AugustThienemann-Str. 2, D–24306 Ploen, Germany
[2] Theoretical Physics, School of Physics and Astronomy, The University of Manchester, Manchester
M 13 9PL, UK
We study the stochastic dynamics of evolutionary games, and focus on the so-called ‘stochastic slowdown’ effect, previously observed in (Altrock et al., PRE 2010) for simple evolutionary processes.
Slowdown here refers to the fact that a beneficial mutation may take longer to fixate than a neutral one.
More precisely, the fixation time conditioned on the mutant taking over can show a maximum at intermediate selection strength. We show that this phenomenon is present in the prisoner’s dilemma, and
also discuss counterintuitive slowdown and speedup in coexistence games. In order to establish the microscopic origins of these phenomena, we calculate the average sojourn times. This allows us to identify
the transient states which contribute most to the slowdown effect, and enables us to provide an understanding of slowdown in the takeover of a small group of cooperators by defectors: Defection spreads
quickly initially, but the final steps to takeover can be delayed significantly. The analysis of coexistence
games reveals even more intricate behavior. In small populations, the conditional average fixation time
can show multiple extrema as a function of the selection strength, e.g., slowdown, speedup, and slowdown again. We classify two-player games with respect to the possibility to observe non-monotonic
behavior of the conditional average fixation time as a function of selection strength.
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CT12-3 The impact of phenotypic switching on brain tumour growth and invasion
16:55 P. Gerlee [1,2] and S. Nelander [1,3]
[1] Sahlgrenska Cancer Center, Institute of Medicine Box 425, 415 30 Giöteborg, Sweden
[2] Mathematical Sciences, University of Gothenburg and Chalmers University of Technology, 412 96
Göteborg, Sweden
[3] Science for Life Laboratory, and Rudbeck Laboratory, SE-751 85 Uppsala, Sweden
The brain tumour glioblastoma is characterised by diffuse and infiltrative growth into surrounding brain
tissue. At the macroscopic level, the progression speed of a glioblastoma tumour is determined by two
key factors: the cell proliferation rate and the cell migration speed. At the microscopic level, however,
proliferation and migration appear to be mutually exclusive phenotypes, as indicated by recent in vivo
imaging data. In this talk I will present a mathematical model to analyse how the phenotypic switching between proliferative and migratory states of individual cells affects the macroscopic growth of the
tumour. For this, we propose an individual-based stochastic model in which glioblastoma cells are either in a proliferative state, where they are stationary and divide, or in motile state in which they are
subject to random motion. From the model we derive a continuum approximation in the form of two
coupled reaction-diffusion equations similar to the Fisher equation, which exhibit travelling wave solutions whose speed of invasion depends on the model parameters. We propose a simple analytical method
to predict progression rate from the cell-specific parameters and demonstrate that optimal glioblastoma
growth depends on a non-trivial trade-off between the phenotypic switching rates. By linking cellular
properties to a macroscopic outcome, the model should be applicable to designing relevant therapies for
glioblastoma and cytometry-based patient prognostics.

CT12-4 Emergence of diversity in a model ecosystem
17:30 N. Mitarai , J. Mathiesen , K. Sneppen , and A. Trusina
Niels Bohr Institute, University of Copenhagen, Copenhagen, Denmark
Ecological systems comprise an astonishing diversity of species that cooperate or compete with each
other forming complex mutual dependencies. The minimum requirements to maintain a large species
diversity on long time scales are in general unknown. Using lichen communities as an example, we propose a model for the evolution of mutually excluding organisms that compete for space [1]. ãĂĂãĂĂIn
the model, the competition is controlled by an interaction network with fixed links chosen by a constant
probability, while new species are introduced in the system at a fixed rate. In contrast to its non-spatial
counterpart, our model predicts robust coexistence of a large number of species. We suggest that chainlike or cyclic invasions open for the creation of a complex pattern of spatially separated sub-populations
that subsequently can lead to increased diversity [2]. In the limit of small introduction/speciation rates
of new species, a phase transition from a state of low diversity to a sustainable state of high diversity is
observed.
[1] J. Mathiesen, N. Mitarai, K. Sneppen, A. Trusina, Phys. Rev. Lett. 107 188101 (2011).
[2] N. Mitarai, J. Mathiesen, K. Spennen. arXiv:1204.3398.

CT12-5 The emergence of first species: the impact of horizontal gene transfer
17:50 H. Kielblock and M. Timme
Network Dynamics Group, Max Planck Institute for Dynamics and Self-Organization, Göttingen, Germany
In early evolution, horizontal gene transfer (HGT), i.e. the transfer of genetic material from one living organism to another, dominated the evolutionary dynamics. This means that no distinct species
could exist and rather a mixture of different cells prevailed. However, how evolution proceeds in such a
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setting, and even more how distinct species could evolve from this initial state of life is yet unclear. We
study the dynamics of a model of evolutionary processes with selection, mutation and HGT to describe
the dynamical aspects of early evolution. HGT introduces a nonlinear three-point interaction to the system and - depending on the base rate at which HGT occurs - we find dynamics stochastically switching
between a state where selection dominates and the population is concentrated around one genotype and a
state where HGT dominates and the population is spread throughout the entire fitness landscape. Using
an entropy-like variable we analyze the systems dynamics and find a saddle-node bifurcation in which
the HGT-dominated state is annihilated. This might help explain the emergence of selection dominated
evolution in the early history of life.

Stochastic differential equations for evolutionary dynamics with demographic CT12-6
noise and mutations
18:10
A. Traulsen [1], J. C. Claussen [2], and C. Hauert [3]
[1] MPI for Evolutionary Biology, Ploen, Germany
[2] INB, University of Luebeck, Germany
[3] Dept. of Math., University of British Columbia, Canada
We present a general framework to describe the evolutionary dynamics of an arbitrary number of types
in finite populations based on stochastic differential equations (SDEs). For large, but finite populations
this allows us to include demographic noise without requiring explicit simulations. Instead, the population size only rescales the amplitude of the noise. Moreover, this framework admits the inclusion
of mutations between different types, provided that mutation rates mu are not too small compared to
the inverse population size 1/N . This ensures that all types are almost always represented in the population and that the occasional extinction of one type does not result in an extended absence of that
type. For µN  1 this limits the use of SDEs, but in this case there are well established alternative approximations based on time scale separation. We illustrate our approach by a rock-scissors-paper game
with mutations, where we demonstrate excellent agreement with simulation based results for sufficiently
large populations. In the absence of mutations the excellent agreement extends to small population sizes.
[1] A. Traulsen, J.C. Claussen, C. Hauert, Phys. Rev. E 85, 041901 (2012)
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Influence of noise: dynamics of optical controlled quantum-dot lasers.
R. Aust [1], K. Lüdge [1], and E. Schöll [1]
[1] Institut für Theoretische Physik, Technische Universität Berlin, Hardenbergstraße 36, 10623 Berlin,
Germany

CT13-1
16:15

We consider a self-organized semiconductor quantum-dot laser structure under the influence of optical
injection. Quantum-dot lasers are known for their low linewidth enhancement factor, large temperature
stability, low threshold current and low sensitivity to optical feedback [1]. In the examined setup it is
possible to reduce the parameter regime of chaotic behavior and generate less complicated trajectories
than for other lasers [2] by injecting light to the quantum-dot laser by an unidirectionally coupled master
laser.
We expand an existing model for optically injected quantum-dot lasers [3] in two aspects. On the
one hand, a quantum-dot excited state is introduced to the model. Therefore, additional microscopically
calculated nonlinear carrier Coulomb scattering processes, resulting from the energetic configuration
of the material structure of the device, have to be considered. On the other hand, we include noise
terms in the equations of the electric field and the carrier equations. We present the results of the
interplay between the rich dynamics of the device enabled by the optical injection, their dependence on
the carrier scattering processes and the influence of noise, analyzing the occurring bifurcations and the
noise-induced phenomena like excitability and coherence resonance.
[1] C. Otto, K. Lüdge, and E. Schöll: Modeling quantum dot lasers with optical feedback: sensitivity
of bifurcation scenarios, phys. stat. sol. (b) 247, 829 (2010).
[2] B. Kelleher, C. Bonatto, G. Huyet, and S. P. Hegarty: Excitability in optically injected semiconductor lasers: Contrasting quantum-well and quantum-dot-based devices, Phys. Rev. E 83, 026207
(2011).
[3] J. Pausch, C. Otto, E. Tylaite, N. Majer, E. Schöll, and K. Lüdge: Optically injected quantum dot
lasers - impact of nonlinear carrier lifetimes on frequency locking dynamics, New J. Phys. 14, 053018
(2012).

Isoscattering microwave networks
O. Hul [1], M. Lawniczak [1], S. Bauch [1], A. Sawicki [2,3], M. Kus [2], and L. Sirko [1]
[1] Institute of Physics, Polish Academy of Sciences, Al. Lotników 32/46, 02-668 Warszawa, Poland
[2] Center for Theoretical Physics, Polish Academy of Sciences, Aleja Lotnikow 32/46, 02-668 Warszawa,
Poland
[3] School of Mathematics, University of Bristol, University Walk, Bristol BS8 1TW, UK
Can one hear the shape of a graph from outside? This is a modification of the famous question of
Mark Kac "Can one hear the shape of a drum?" [1] which can be asked in the case of scattering systems
such as quantum graphs and microwave networks. It addresses an important mathematical problem
whether scattering properties of such systems are uniquely connected to their shapes?
We present the first experimental approach to this problem in the case of microwave networks simulating quantum graphs. We discuss the scattering from a pair of isospectral microwave networks consisting of vertices connected by microwave coaxial cables. The networks are extended to scattering systems
by connecting leads to infinity in a way preserving their symmetry to form isoscattering networks. We
show that the amplitudes and phases of determinants of the scattering matrices of such networks are
the same within experimental uncertainties [2]. Furthermore, we demonstrate that the scattering matrices of those networks are conjugated by the transplantation relation, i.e., the scattering matrix of each
isoscattering network could be reconstructed from the scattering matrix of the other one.
We show that the concept of isoscattering graphs is not only a theoretical idea but it could be realized experimentally. Our experimental setup can be successfully used to investigate various properties
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of quantum graph, showing a great research potential of quantum simulations based on microwave networks. This work was supported by the Ministry of Science and Higher Education grant No. N N202
130239.
[1] M. Kac, Am. Math. Mon. 73, 1 (1966).
[2] O. Hul, M. Lawniczak, Sz. Bauch, A. Sawicki, M. Kus, L. Sirko, to be published in Phys. Rev.
Lett.

CT13-3 Continuation and bifurcation analysis in an experiments of an mechanical impact
16:55 oscillator
J. Starke [1], F. Schilder [1], E. Bureau [2], I. Santos [2], and J. J. Thomsen [2]
[1] Technical University of Denmark, Department of Mathematics, Kongens Lyngby, Denmark
[2] Technical University of Denmark, Department of Mechanical Engineering, Kongens Lyngby, Denmark
Information about the bifurcation structure of experiments is very useful for many purposes. First,
for the process of mathematical modelling and model verification, a comparison of the bifurcations
results is a much more demanding test than just comparing solutions of models with data from timeseries for selected parameter values. Second, for cases where closed mathematical equations are not yet
known, experimentally obtained bifurcation diagrams help to find parameter regions where a reliable
operation mode with a specific qualitative behaviour is possible. A control-based continuation method
is used and further developed to perform a bifurcation analysis directly for a mechanical experiment.
As example, we consider the vibration analysis of a nonlinear driven pendulum with impacts. The frequency responses are directly tracked in the experiments by applying a control force to the system under
investigation, and using a predictor-corrector type path-following algorithm to systematically trace out
branches of the bifurcation diagram. This allows to observe also unstable solution branches as the control locally stabilizes the system states.

CT13-4 Dephasing and diffusion-induced bistability of driven nanomechanical resonators
17:30 J. Atalaya
Department of Applied Physics, Chalmers University of Technology, Göteborg, SE-412 96, Sweden
Recently, it has been experimentally demonstrated that the vibrational modes of nanomechanical resonators can have high quality factors, Q ∼ 105 . The low intrinsic dissipation makes the nanoresonators
ideal for applications such as ultrasensitive sensors of mass, charge and spin. In this talk I will discuss
the effects of dephasing in the absorption spectra of underdamped vibrational modes. For a certain
mode, dephasing is caused by random fluctuations in the eigenmode natural resonance frequency (frequency noise). These fluctuations may have different origins. I discuss, in particular, the situation
where the eigenmode effective mass changes due to particles diffusing along the resonator. I show that
dephasing leads to broadening and, for comparatively slow frequency noise, change of the shape of
the mode absorption spectrum line [1]. I then consider the possibility of backaction in the dephasing
process, where the motion of the diffusing particles is influenc ed by the motion of the nanoresonator.
I demonstrate that a comparatively fast dephasing process subject to backaction can induce an effective
nonlinearity, bistability and rare interstate switching near the bifurcations points (where the number of
stable dynamical states changes) [2]. The diffusion-induced bistability has a different origin from the
bistability that results from an intrinsic nonlinearity (e.g., Duffing nonlinearity.)
[1] Diffusion-Induced Dephasing in Nanomechanical Resonators. J. Atalaya, A. Isacsson and M. I.
Dykman. Phys. Rev. B 2011, 83, 045419.
[2] Diffusion-Induced Bistability of Driven Nanomechanical Resonators. J. Atalaya, A. Isacsson
and M. I. Dykman. Phys. Rev. Lett. 2011, 106, 227202.
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The Langevin power curve used for performance monitoring of wind turbines
P. Milan , P. Rinn , M. Wächter , and J. Peinke
ForWind Center for Wind Energy Research, Institute of Physics, University of Oldenburg, Germany

CT13-5
17:50

Based on the Langevin stochastic differential equation, the concept of the Langevin Power Curve (LPC)
for wind energy converters (WEC) has been proposed [1,2]. This method determines the stable fixed
points for characterization of the power conversion dynamics. A number of applications in research
and engineering for wind energy have been developed [3]. Here we present the application of the LPC
concept to the continuous monitoring of a WECs power performance. Using measurement data from
the German offshore wind farm alpha ventus we show how changes in the power conversion dynamics
are detected by the method. These can stem from, e.g., intentional changes of the control strategy or
(unintentional) damages of the machine or the measurement system.
[1] Anahua, E., Barth, S., Peinke, J., Markovian power curves for wind turbines, Wind Energy 11,
219 (2008)
[2] Gottschall, J., Peinke, J., How to improve the estimation of power curves for wind turbines
Environmental Research Letters 3, 015005 (2008)
[3] Wächter, M., Milan, P., Mücke, T., Peinke, J., Power performance of wind energy converters
characterized as stochastic process: applications of the Langevin power curve Wind Energy 14, 711
(2011)

Mechanisms for multi-stability in coupled lasers
E. Clerkin [1,2], S. O’Brien [1], and A. Amann [1,3]
[1] Tyndall National Institute, Lee Maltings, Cork, Ireland
[2] Department of Physics, University College Cork, Ireland
[3] School of Mathematical Sciences, University College Cork, Ireland
Multistability and synchronisation are phenomena, that play an important role in many nonlinear dynamical systems. Often their underlying origins are higher order co-dimension bifurcations and are
therefore of broad interest. Here we consider a simple system of two identical mutually coupled singlemode laser diodes in the small delay limit. By varying the coupling strength and the coupling phase we
observe a number of distinct regions of multistability. In particular it is shown that a symmetry-broken
state is stable for large coupling. In this case the intensity of each laser is significantly different, but
the lasers are synchronised (locked) to the same optical frequency. As the system is invariant under the
exchange of the lasers, a complimentary symmetry-broken state exists and is stable. Both symmetry
broken states coexist with a stable symmetric state for which both lasers are mutually locked and emit
light at equal intensity and frequency. This creates a region of tristability between locked states. For
weaker coupling the intensities of the symmetry broken states oscillate with a new frequency leading to
an extensive region of bistability between limit cycles. The observed phenomena are explained by a five
dimensional model. This model uses a set of coordinates which avoids the singularities encountered in
conventional phase-amplitude models. A bifurcation analysis reveals that the multistability is organised
by three co-dimension two bifurcations.
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Large deviations for intermittent systems
R. Artuso
Dipartimento di Scienza e Alta Tecnologia, Universita dell’Insubria, Como, Italy

CT14-1
16:15

We consider dynamical systems lacking full hyperbolicity, and point out known problems about analytic and numerical analysis of time correlations decay, focusing in particular on intermittent and areapreserving mappings. We report on recent studies where it was shown that quantitative information
can be obtained either by considering time statistics (like Poincare recurrences), or by large deviations
estimates of the distribution of finite time Lyapunov exponents.

Continuous symmetry reduction in high-dimensional flows with the method of CT14-2
slices
16:35
E. Siminos [1] and P. Cvitanović [2]
[1] Max Planck Institute for the Physics of Complex Systems, Dresden, Germany
[2] Georgia Institute of Technology, Atlanta, Georgia
In presence of continuous symmetries, solutions of high-dimensional flows come in families of equivalent states, related by a group transformation. In order to understand the topological organization of such
flows in terms of dynamically important solutions, one needs to replace the dynamics by a symmetry
reduced flow, in which all symmetry related states are replaced by a single representative.
Classical symmetry reduction schemes, such as the Hilbert polynomial basis approach are computationally prohibitive in high-dimensional flows. In the method of slices, which we will employ
here, the reduced space is identified with a collection of local charts, each being a hyperplane segment which intersects group-orbits transversely. We will demonstrate the method in three systems of
physical relevance: 1) the 5-dimensional, SO(2)-equivariant complex Lorenz flow, 2) the 4-dimensional
SO(2)-equivariant Porter-Knobloch system and 3) the O(2)-equivariant Kuramoto-Sivashinsky partial
differential equation.

Scaling of energy spreading in 1D and 2D Hamiltonian lattices
M. Mulansky and A. Pikovsky
Institute of Physics and Astronomie, University of Potsdam, Potsdam, Germany

CT14-3
16:55

We study the spreading behavior of initially localized states in strongly nonlinear lattices. Due to
chaotic nonlinear interaction of localized linear or nonlinear modes, energy spreads mostly subdiffusively. Based on a phenomenological description by virtue of a nonlinear diffusion equation we establish
a one-parameter scaling relation between the velocity of spreading and the density. This is confirmed
numerically for a large class of one- and two-dimensional lattices, and we conclude that subdiffusive
spreading is a quite general phenomenon in strongly nonlinear lattices.

Revisiting algorithms for generating surrogate time series
C. Raeth
Max Planck Institute for Extraterrestrial Physics, Garching, Germany
The method of surrogates [1] is one of the key concepts of nonlinear data analysis, which allows to
test for weak nonlinearities in data sets in a model-independent way. The most commonly used methods
for generating surrogates include amplitude adjusted Fourier-transformed (AAFT) [1] and the iterative
amplitude adjusted Fourier-transformed (IAAFT) surrogates [2]. Using observational data from the
XMM-Newton satellite, we demonstrate that these two algorithms for generating surrogates often fail
to generate truly linear time series. Rather, they create surrogate realizations with Fourier phase correlations. We outline how these phase correlations propagate to the calculation of nonlinear statistics
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like the nonlinear prediction error (NLPE). As a consequence, nonlinearities in time series may remain
undetected due to their presence in a number of surrogates against which the original data are compared
[3]. We conclude that in the light of our new findings it may become necessary that previous results
obtained with AAFT and IAAFT are to be critically reassessed. We argue that for generating truly linear surrogates one must ensure that the random phase hypothesis is explicitly fulfilled. This can only be
achieved, if one tests separately for static and dynamic nonlinearities.
[1] J. Theiler, S. Eubank, A. Longtin, B. Galdrikian, and J. D. Farmer, Physica D 58, 77 (1992)
[2] T. Schreiber and A. Schmitz, Phys. Rev. Lett. 77, 635 (1996)
[3] C. Raeth, M. Gliozzi, I. E. Papadakis and W. Brinkmann, Phys. Rev. Lett. (submitted)

CT14-5 Bifurcation analysis of a smooth mathematical model of an impacting beam pen17:50 dulum
M. Elmegaard [1], B. Krauskopf [2], H. Osinga [2], and J. Starke [1]
[1] Technical University of Denmark, Kgs. Lyngby, Denmark
[2] The University of Auckland, Auckland, New Zealand
A simple, single degree-of-freedom, mathematical model of a harmonically forced beam pendulum
under the influence of mechanical impacts is developed. The mathematical model is a nonsmooth dynamical system which is smoothed by a nonlinear homotopy and subsequently analyzed by numerical
bifurcation methods. The structural stability of the bifurcation results wrt. the smoothing is investigated.
The qualitative and quantitative results are compared with experimental data.

CT14-6 Chaos pass filter: linear response of synchronized chaotic systems
18:10 S. Zeeb [1], I. Kanter [2], and W. Kinzel [1]
[1] Institute for Theoretical Physics, University of Würzburg, 97070 Würzburg, Germany
[2] Department of Physics, Bar-Ilan University, Ramat-Gan 52900, Israel
A system of time-delayed coupled chaotic units can synchronize to a common chaotic trajectory. Even
for large delay times the system can completely synchronize without time shift. This effect may be used
for secure communication over a public channel where a secret message is transmitted by utilizing a
chaos pass filter method. A chaotic receiver which is driven by the chaotic trajectory of a sender plus a
(small) message responds essentially to the trajectory but not to the message. Thus the chaotic system
filters out any perturbation and it is possible for the receiver to recover the message from the chaotic signal. We investigate the linear response of a synchronized chaotic system to small external perturbations,
i.e., the phenomenon of chaos pass filter, for iterated maps. A uni- and a bi-directional coupled system
is considered. The distribution of distances, i.e., the deviations between the trajectory of the sending
and receiving unit, is calculated numerically and, for some special cases, analytically. Depending on
the model parameters this distribution has power law tails in the region of synchronization leading to
diverging moments of distances. This is a consequence of multiplicative and additive noise in the corresponding linear equations due to chaos and external perturbations. The bit error rate of a transmitted
binary message, given by an integral over the distribution of distances, is calculated analytically and
numerically. It displays a complex nonmonotonic behavior in the region of synchronization. For special
cases the distribution of distances has a fractal structure leading to a devils staircase for the bit error rate
as a function of coupling strength.Also, it is shown that adding additional noise to the system can reduce
the bit error rate significantly.
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Delayed feedback control method for cancer dynamics

P1

M. U. Kobayashi [1] and K. Aihara [2]
[1] FIRST, Aihara Innovative Mathematical Modelling Project, Institute of Industrial Science, University of Tokyo, Tokyo, Japan
[2] Institute of Industrial Science, University of Tokyo, Tokyo, Japan
We consider systems whose orbits diverge after behaving chaotically for a finite time, and propose a
control method for preventing the divergence. Such systems generally possess not attractors but some
chaotic saddles. Our aim of control, i.e., the prevention of divergence, is achieved through the stabilization of unstable periodic orbits embedded in the chaotic saddle by making use of the delayed feedback
control method [1]. The key concept of our control strategy is the application of the PIM triple method
[2] and the method to detect unstable periodic orbits from time series, originally developed by Lathrop
and Kostelich [3], as initial steps before adding the delayed feedback control input. We apply our control
method to an intermittent androgen suppression therapy model (IAS therapy model), which is a model
for therapy of advanced prostate cancer [4].
[1] K. Pyragas, Continuous control of chaos by self-controlling feedback, Physics Letters A 170, 421
(1992).
[2] H. E. Nusse and J. A. Yorke, A procedure for finding numerical trajectories on chaotic saddles,
Physica D 36, 137 (1989).
[3] D. P. Lathrop and E. J. Kostelich, Characterization of an experimental strange attractor by
periodic orbits, Physical Review A 40, 4028 (1989).
[4] G. Tanaka, K. Tsumoto, S. Tsuji and K. Aihara, Bifurcation analysis on a hybrid systems model
of intermittent hormonal therapy for prostate cancer, Physica D 237, 2616 (2008).

Dynamics of deformable and non-spherical particles in microfluidics-based sepa- P2
ration devices
J. P. Beech [1], M. Ghasemi [1], S. H. Holm [1], and J. O. Tegenfeldt [1,2]
[1] Lund University, Lund, Sweden
[2] University of Gothenburg, Gothenburg, Sweden
Deterministic Lateral Displacement (DLD) [1] occurs as particles flow through ordered arrays of obstacles, forcing particles to follow trajectories that depend on their effective size. Because the effective
size of particles in these devices depends on shape and deformation, such devices can be used to both
measure and separate based on these parameters. We have previously shown how parasites can be separated from blood cells based on shape [2]. We have also demonstrated how the deformability of red
blood cells, an indicator of cell health, can be measured [3]. The ability to distinguish between cells
based on deformability and shape with high resolution and throughput, in cheap and simple devices,
could find interesting and relevant applications, for example in the detection of circulating tumour cells.
We are presently exploring the ability of our devices to detect Malaria-infection based on the fact that
infected blood cells are less deformable than non-infected cells. Also, in order to better understand how
deformable and non-spherical particles behave in our sorting devices we generate models of biological
particles with tuneable size, shape and mechanical properties using stop-flow lithography (SFL) [4] and
we explore how these parameters play a role in our separation devices.
[1] L. R. Huang, E. C. Cox, R. H. Austin and J. C. Sturm, Science, 2004, 304, 987-990.
[2] S. H. Holm, J. P. Beech, M. P. Barrett and J. O. Tegenfeldt, Lab on a Chip, 2011, 11, 1326-1332.
[3] J. P. Beech, S. H. Holm, K. Adolfsson and J. O. Tegenfeldt, Lab on a Chip, 2012, 12, 1048-1051.
[4] D. Dendukuri, S. S. Gu, D. C. Pregibon, T. A. Hatton and P. S. Doyle, Lab Chip, 2007, 7,
818-828.
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P3 The Kuramoto model with time-varying parameters
S. Petkoski and A. Stefanovska
Department of Physics, Lancaster University, Lancaster LA1 4YB, United Kingdom
Biological examples provided the original motivation for the Kuramoto model (KM) of coupled phase
oscillators [1]. However, neither the original model [2], nor the extensions described in [3], have incorporated a fundamental property of living systems, namely their inherent time-variability. Many important characteristics of open systems can be missed by not accounting for the non-equilibrium dynamics
that stems from time-dependent (TD) parameters. We introduce a generalization of the KM by explicitly
considering deterministically time-varying parameters [4]. The oscillators’ natural frequencies and/or
couplings are influenced by identical external forces with constant or distributed strengths. We describe
the dynamics of our model in both the adiabatic and non-adiabatic limits. We argue that in this way, a
large range of systems tackled by the Kuramoto model – spanning from a single cell up to the level of
brain dynamics – can be described more realistically.
[1] S. Strogatz. Sync: The Emerging Science of Spontaneous Order (Hyperion, New York, 2003).
[2] Y. Kuramoto, Chemical Oscillations, Waves, and Turbulence (Springer-Verlag, Berlin, 1984).
[3] A. Pikovsky, M.Rosenblum and J. Kurths, Synchronization – A Universal Concept in Nonlinear
Sciences (CUP, Cambridge, 2001).
[4] S. Petkoski and A. Stefanovska, The Kuramoto Model with Time-Varying Parameters, preprint,
http://arxiv.org/submit/474607/view

P4 On application of random matrix theory in physics of vehicular traffic
M. Krbalek [1]
[1] Faculty of Nuclear Sciences and Physical Engineering, Czech Technical University, Prague, Czech
Republic
We introduce a new class of random matrices and analyze their unfolded spectra. We investigate the
level spacing distribution as well as the so-called associated number variance. The distributions found
are subsequently compared to empirical distributions of inter-vehicle gaps, i.e. clear distances among
succeeding cars moving in real-road traffic streams. The parameters of the level spacing distribution
are calibrated using the methods of generalized functions. We find good agreement. Furthermore, we
discuss a perspective for applying RMT to analytical predictions of a vehicular traffic microstructure.

P5 Use of parametric inhibitors for controlling inertial ratchets
L. R. Barragán , A. I. Lomelí , and A. L. S. Brito
Laboratorio de Sistemas Dinámicos, UAM-Azcapotzalco, Mexico
Inertial ratchets [1] are formed by a large number of non-interacting particles with a certain mass,
immersed in a Brownian environment and in a periodic asymmetric potential, subjected to a periodic
external force with null average over time. We develop the use of parametric limiters [2] (both restrictive and liberating) to control the particle flux of an inertial ratchet, this has the advantage of not
requiring shadowing but only changing a single parameter. To perform such parameter change we need
only to monitor the ratchet state in certain limit. We offer evidence of the control by studying 10E4
particles using their maximum speed to adjust the viscosity-related parameter which yields to regular
motion in conditions were we would otherwise find chaotic behavior. The rate of convergence to the
controlled state is rather quick being less than a hundred periods of the external force. We also found
a variety of controlled states, which can be used with different purposes such as: reverting, reaffirming
and cancelling the particle flux.
[1] R. P. Feynman, R. B. Leighton, and M. Sands, The Feynman Lectures on Physics AddisonWesley, Reading, 1966 Vol. 1.
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[2] C. T. Zhou, and M. Y. Yu, Phys. Rev. E71, 016204 (2005)

The semi-geostrophic equations: a survey of old and new results

P6

D. Gilbert [1], B. Pelloni [1], and M. Cullen [2]
[1] University of Reading, Reading, UK
[2] Met Office, National Weather Service, UK
In this talk I will survey the results on the existence of solutions of the semi-geostrophic system a fully
nonlinear reduction of the Navier-Stokes equations that constitutes a valid atmospheric model when the
effects of rotation dominate the flow. I will give an account of the theory developed since the pioneering
work of Brenier in the 90s, including more recent results obtained as part of my PhD thesis.

Bayesian evidence technique in application to stochastic modeling of dynamic sys- P7
tems
A. Gavrilov , D. Mukhin , E. Loskutov , and A. Feigin
Institute of Applied Physics of Russian Academy of Sciences, Atmospheric Research, Nizhny Novgorod, Russian Federation
The majority of known observable phenomena can be represented as complex and high-dimensional
dynamic systems. Extremely high sensitivity of such representations to initial and boundary conditions
as well as parameters does not allow us to make long-term forecasts of the evolution of such systems,
including abrupt qualitative changes (critical transitions) in the observed dynamics. The stochastic approach to construction of empirical reduced models from time series may make it possible to describe
the most important dynamic properties underlying the evolution of such systems. The idea is to reconstruct the evolution operator in someÂă low-dimensional projection of phase space of the system
while all other dynamics is modelled as stochastic disturbances. The task of optimal stochastic model
selection is solved by means of a Bayesian evidence technique which helps to find the most probable
model structure given the data. The calculations are performed using an approximate expression for the
probability density in parameter space in the vicinity of its maximum. The number of model examples
demonstrates that a model with a non-uniformly distributed stochastic part is optimal in general. Further, we show that a simple stochastic model can be optimal for reconstruction of the evolution operator
underlying complex dynamics of high-dimensional systems. The workability of the suggested method
in prognosis of real-measured geophysical dynamics is discussed.

Distribution of relative velocities in turbulent aerosols
K. Gustavsson and B. Mehlig
Department of Physics, Göteborg University, 41296 Göteborg, Sweden
We compute the distribution of relative velocities for a one-dimensional model of heavy particles suspended in a turbulent flow, quantifying the caustic contribution to the moments of relative velocities.
The same principles determine the corresponding caustic contribution in d spatial dimensions. Our conclusions are in excellent agreement with numerical simulations of particles suspended in a randomly
mixing flow in two dimensions, and in quantitative agreement with published data on direct numerical
simulations of particles in turbulent flows.
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P9 An inverse dynamical problem in planetary astrophysics: analysis of the transiting exoplanet WASP-33b
T. Kovács [1] and G. Kovács [1,2]
[1] Research Centre for Astronomy and Earth Sciences, Hungarian Academy of Sciences, Budapest,
Hungary
[2] Department of Physics and Astrophysics, University of North Dakota, ND, USA
We discuss how to describe the dynamics of transiting extrasolar planets when only the light curve
or radial velocity measurements of the stars are available. To obtain a better approximation of planetary
orbits and physical parameters of the planet, classical and modern methods of celestial mechanics must
be used.
In this work we examine a particular extrasolar planet, WASP-33b. Combining a comprehensive
time series analysis with an inverse dynamical stability method, we conclude that the irregularities in
the light curve cannot come from a third, unseen, body being part of the system. We propose an explanation for a distinct stationary hump in the middle of the transit light curve.

P10 Extreme events in excitable systems: two coupled units
R. Karnatak [1], U. Feudel [1,2], G. Ansmann [3,4,5], and K. Lehnertz [3,4,5]
[1] Theoretical Physics/Complex Systems, ICBM, Carl von Ossietzky University of Oldenburg, Oldenburg, Germany
[2] Research Center Neurosensory Science, Carl von Ossietzky University of Oldenburg, Oldenburg,
Germany
[3] Department of Epileptology, University of Bonn, Bonn, Germany
[4] Helmholtz Institute for Radiation and Nuclear Physics, University of Bonn, Bonn, Germany
[5] Interdisciplinary Center for Complex Systems, University of Bonn, Bonn, Germany
Networks of excitable elements of FitzHugh–Nagumo type can exhibit high amplitude events that are
rare in time. To understand the mechanism of the generation of such so-called extreme events, we study
two diffusively coupled, non-identical FitzHugh–Nagumo oscillators. We find that for a certain range
of parameters, the system exhibits chaotic dynamics consisting of small subthreshold oscillations with
irregular spikes immersed resembling the extreme events. Possible mechanisms causing this behavior
of the coupled system are discussed.

P11 Control of mobile chaotic agents by localized pinning
M. Frasca [1], A. Buscarino [1], A. Rizzo [2], and L. Fortuna [1]
[1] University of Catania, Italy
[2] Politecnico di Bari, Italy
In this work, we consider a set of agents that move in a planar space and possess states evolving according to a chaotic law, and propose a control strategy which depends on the position of the agents
in the plane and aims at driving the agent state to a reference evolution. The agents move as random
walkers and interact according to a time varying r-disk proximity graph. The control input is applied
only to those agents which enter a given area, called the control region, so that only a fraction of all
agents is controlled. Under the hypothesis of fast switching of the agent configurations in the plane, we
derive the conditions under which this control input is effective to drive all agents to a given reference
evolution. We then verify the limits of validity of our hypothesis and numerically study the system under
different regimes. It turns out that fundamental parameters to attain global control are agent density and
the relative size of the control region with respect to the size of the plane in which agents move.

188

Posters

Genetic differentiation in biological systems and its connection to migration pat- P12
terns
L. Sundqvist [1] and D. Kleinhans [1]
[1] Department for Biological and Environmental Sciences, University of Gothenburg, Gothenburg,
Sweden
Today it is possible to carry out extensive sampling campaigns on genetic properties of natural populations. An important problem then is to identify different populations, their lineage and the degree
of migration between them from genetic data. Estimates of genetic differentiation are commonly used
when studying genetic structure of samples from different sites. Historically Wrights fixation index
(F st) has been the most commonly used measurement. However, recently characteristic measures,
more appropriate for this purpose, have been promoted and intensively discussed [1]. Measures of
genetic differentiation can contribute to the understanding of migration patterns. We show how directional information of migration can directly be related to measures for genetic differentiation if a pool
of migrants between the respective populations is introduced as an intermediate step.
[1] L. Jost, Molecular Ecology 17(18), 4015-4026, 2008

Spontaneous motion of a droplet coupled with pattern formation

P13

H. Kitahata [1,2], N. Yoshinaga [3], K. H. Nagai [4], and Y. Sumino [5]
[1] Department of Physics, Chiba University Chiba, Japan
[2] PRESTO, JST, Japan
[3] WPI-AIMR, Tohoku University, Sendai, Miyagi, Japan
[4] Department of Physics, University of Tokyo, Tokyo, Japan
[5] Faculty of Education, Aichi University of Education, Kariya, Aichi, Japan
We propose a model experiment and theoretical description of the spontaneous motion of a droplet
coupled with pattern formation inside it. The nonlinearity of the reaction-diffusion process inside the
droplet gives rise to an inhomogeneous concentration profile, which in turn leads to an interfacial tension
gradient at the droplet interface. The interfacial tension gradient induces self-propulsion of the droplet
through the surrounding flow due to the so-called Marangoni effect. We describe experiments using a
droplet subject to Belousov-Zhabotinsky (BZ) reaction medium. The BZ droplet moves coupled with
the chemical wave propagation inside it. Numerical calculations for the dynamics on the concentration
profiles inside the droplet together with analytical results on the flow fields at low Reynolds number
well reproduce the experimental results.
[1] H. Kitahata, N. Yoshinaga, K. H. Nagai, and Y. Sumino, Phys. Rev. E, 84, 015101 (2011).

Spatio-temporal flow heterogeneity in colloidal hard sphere glasses: a study of the P14
fluid dynamics model
S. G. Ayodele [1,2], D. Raabe [1], and F. Varnik [1,2]
[1] Max-Planck Institut für Eisenforchung, Düsseldorf, Germany
[2] Interdisciplinary Center for Advanced Materials Simulation, Ruhr University Bochum, Germany
There is growing evidence that the flow of driven amorphous solids is not homogeneous, even if the
macroscopic stress is constant across the system [1,2]. Recent event-driven molecular-dynamics simulations of a hard sphere (HS) glass confirm the heterogeneous nature of the flow but at the same time
suggest that, at least for HS glasses, no steady state exists [3]. Due to limitations in the available time
and length scales, however, no conclusion could be made on this issue. In this study, we address this and
related questions via a lattice Boltzmann computer simulations of the non-Newtonian fluid. The nonNewtonian character of the fluid enters the model via constitutive relations between shear stress, osmotic
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pressure and concentration of the molecules as seen in hard sphere type colloidal systems. All the input
parameters of the relevant constitutive laws are taken from the preceding molecular dynamics simulations [3]. The present approach thus provides the link between microscopic (MD) simulations and the
macroscopic hydrodynamic response of the system. We carried out a test of the reliability of the present
approach by analytic studies of the linear stability phase diagram. As a detailed comparison shows, both
the linear stability phase diagram and the dispersion relation for the decay rate of fluctuations in the
stable regime are nicely born out by lattice Boltzmann simulations of fluid dynamics equations. Studies
of the unstable regime, on the other hand, reveal quite a rich spatio-temporal behavior of the flow field,
with shear and concentration induced bands.
[1] F. Varnik, L. Bocquet, J.-L. Barrat, L. Berthier, Phys. Rev. Lett. 90, 095702 (2003).
[2] R. Besseling, L. Isa, P. Ballesta, G. Petekidis, M.E. Cates, W.C.K. Poon, Phys. Rev. Lett. 105,
268301 (2010).
[3] S. Mandal, M. Gross, D. Raabe, F. Varnik, Phys. Rev. Lett. 108, 098301 (2012).

P15 Hybrid simulation of molecular dynamics and renormalization molecular dynamics
Y. Kashihara [1], A. Nagano [2], and Z. Luo [2]
[1] Graduate School of Engineering, Kobe University, 1-1 Rokkodai-cho, Nada-ku, Kobe, Hyogo 6578501, Japan
[2] Graduate School of System Informatics, Kobe University, 1-1 Rokkodai-cho, Nada-ku, Kobe, Hyogo
657-8501, Japan
The calculational cost of MD simulations at the atomistic and molecular level has often been a major bottleneck. In recent years, many scientists have tried to develop new coarse graining methods
to increase the speed of calculation or to include larger systems in simulations. The renormalization
molecular dynamics method (RMD) [Ichishima and Yoshitaka (2008)] is one of those. The number of
molecules is compressed by applying renormalization group conversion to the Hamiltonian, and simulations are possible at any scales by controlling the number of conversion times. In this method, there is no
need to readjust the inter-molecular potential function of new coarse-grained molecules. In our previous
study, we demonstrated the applicability of this method for liquid and gaseous argon at the micro level.
By using this method simply, we can use only one scale molecules in a single simulation. Therefore,
we cannot simulate the hybrid system in which different scale molecules are mixed. In this study, we
introduce a simple scheme to perform hybrid simulations of MD and RMD. Firstly, we find the nearest n
(renormalization number) molecules from each RMD molecule. Secondly, we calculate the interaction
forces from MD molecules to RMD molecules with using a center of gravity of MD molecular group
as a position of the virtual RMD molecule. About the interaction forces from RMD molecules to MD
molecules, the forces are divided in accordance with the inter-molecular distance. To test our method,
created a mixed argon liquid system of MD molecules and RMD molecules, we compare the simulation
result to that of normal MD simulation.

P16 Some multiplicative random perturbations
Y. Iwata
Institute of Industrial Science, The University of Tokyo, Tokyo, Japan
We study some applications of random dynamical systems. Let S : [0, 1] → [0, 1] be a dynamical
system with the indifferent fixed point 0 for which µ(dx) = x1β dx, (β ≥ 1) is an invariant measure.
Assume that the random variables X0 , Y0 , Y1 , · · · are independent with values in [0, 1] and that each Yn
(n ≥ 0) has the same density function g. We consider the following two Markov processes {Xnε }n≥0
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and {X̄n }n≥0 for each 0 < ε < 1:
ε
Xn+1
ε
X̄n+1

= S(Xnε ) + εYn
=

(1 −

( mod 1),

εYn )S(Xnε ).

(1)
(2)

It is already known that there always exists an absolutely continuous invariant distribution µε of {Xnε }
for each 0 < ε < 1. In this setting we prove that each density function of X̄n is represented by the
n-th iteration of the Markov operator Pε : L1 ([0, 1]) → L1 ([0, 1]) and satisfies the Foguel Alternative.
Indeed, {Pεn } is sweeping for all 0 < ε < 1 with respect to the family A := {{0} ∪ [c, 1] : 0 < c ≤ 1}
under some conditions about g.

Dynamics of a suspended nanowire driven by an ac-Josephson current in an in- P17
homogeneous magnetic field
M. E. Pena-Aza
Department of Physics, University of Gothenburg, Gothenburg, Sweden
We consider a voltage-biased nanoelectromechanical Josephson junction in an inhomogeneous magnetic field. We demonstrate that the coupling between the Josephson current and the magnetic field
generates a Lorentz force that induces a whirling motion of the nanowire. By performing an analytical and a numerical analysis, we demonstrate that at resonance, the amplitude-phase dynamics of the
whirling movement present different regimes depending on the degree of inhomogeneity of the magnetic
field: time independent, periodic and chaotic. Transitions between these regimes are also discussed.

Metapopulation dynamics on the brink of extinction

P18

A. Eriksson [2], F. Elias-Wolff [1], and B. Mehlig [1]
[1] Department of Physics, University of Gothenburg, Gothenburg, Sweden
[2] Department of Zoology, University of Cambridge, Cambridge, UK
Understanding the dynamics of fragmented populations is of both practical and theoretical interest.
We analyse metapopulation dynamics in terms of the life history of the fragments. The system exhibits
a bifurcation where the stable steady state of an infinite metapopulation changes from persistence to
extinction. We identify the fast and slow degrees of freedom of the dynamics. In the vicinity of this
bifurcation, and for metapopulations consisting of a large number of patches, we show that the dynamics
is approximately described by an effective equation originally proposed by Levins. We also estimate the
expected time to extinction, and calculate the most likely path to extinction for finite metapopulations.

Propagating flame fronts in turbulent flows: a theoretical and numerical study
V. A. Sabelnikov [1] and A. N. Lipatnikov [2]
[1] ONERA – The French Aerospace Lab., F-91761 Palaiseau, France
[2] Department of Applied Mechanics, Chalmers University of Technology Gothenburg, 412-96, Sweden
Travelling wave solutions to a diffusion-reaction equation for the Favre-averaged combustion progress
variable C that models a flame front propagating in a turbulent flow are studied both theoretically and
numerically in the statistically planar one-dimensional case. As compared with the Fisher-Kolmogorov
equation, the equation addressed in the present work involves (i) a non-linear advection term associated
with the so-called pressure-driven transport in premixed turbulent flames and (ii) non-linear dependence
of the mean normalized density R on C. In the particular case of a constant density, the studied equation
reduces to the Murray equation. Exact travelling wave solutions are reported for two different source
terms, i.e. W = C(1 − C) and W = R + RC(1 − C). The conditions for which solutions to the
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unsteady problem with sufficiently localized initial spatial profile of C tend to the above exact solutions
with time are considered. This occurs if the magnitude N of the normalized non-linear advection term
is sufficiently high. Accordingly, an analysis of the balance equation linearized at C  1 allows one
to determine the speed of the travelling wave solution only if N is sufficiently low. The exact solution
obtained in the case of W = R + RC(1 − C) is physically valid for N > 1.9 under typical flame
conditions and indicates that the investigated flame may propagate even if the turbulent scalar transport
shows countergradient behaviour in the entire flame brush including its leading edge (C  1). All the
above theoretical results are validated in numerical simulations of the relevant unsteady problems.

P20 Size distribution of cell patterns formed in experiments of gravitational instability
M. Shimokawa [1], H. Kitahata [2,3], and T. Sakurai [2].
[1] Center for Frontier Science, Chiba University, Chiba, Japan
[2] Department of Physics, Graduate School of Science, Chiba University, Chiba, Japan
[3] PRESTO, Japan Science and Technology Agency, Japan
Gravitational instability occurs at an interface of two solutions when a thin layer of higher-density
solution (HDS) is placed on the surface of lower-density solution (LDS). Due to gravitational instability, the HDS sinks and the LDS rises. As the HDS sinks, it exhibits a cell pattern on the
R ∞surface.
The size distribution of the cells was investigated. The cumulative distribution Pr(S) = S dsf (s)
obeys log Pr(S) = A log S, where f (s) is the number of cells with area s. If the cells do not interact,
the power index A is common and independent of time. A simple model, which does not involve the
interaction, provides the same feature, log Pr(S) = A log S, as the experimental result. Furthermore,
the model yields a value of the power index similar to the value obtained from experiments. This result
shows that independent generation and growth of cells are important for the formation of the cell pattern.

P21 Variation of dynamical characteristics of ambient noise depending on the level of
local seismic activity
T. Matcharashvili [1, 2], T. Chelidze [1], and Z. Javakhishvili [2]
[1] M. Nodia Institute of Geophysics, Tbilisi, Georgia
[2] Ilia State University, Tbilisi, Georgia
The investigation of the dynamical characteristics of ambient seismic noise is an important scientific
and practical research challenge. In the present work we investigated different scaling features of ambient noise at the Oni seismic station, Georgia, using Allan factor, detrended and multifractal detrended
fluctuation analysis methods. Data from the seismic station – located in the epicentral zone of strong
Oni M6.0, 2009 earthquake – was selected to include time periods with different levels of local seismic
activity. It was shown that the ambient noise investigated is persistently long-range correlated at calm
seismic conditions in the absence of earthquakes. Fluctuation features of the ambient noise analyzed
were affected by local earthquakes, while remote seismic activity caused just slight quantitative changes.
Processes related to the preparation of a strong local earthquake may cause quantifiable changes in fluctuation features of ambient noises. Fluctuation features of seismic noise for periods of increased local
seismic activity cease to be long-range correlated and appear to exhibit a complicated mixture of random
and correlated behaviours.
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Dynamics of a magnetized sphere levitated in a magnetic field – the European P22
Levitated Spherical Actuator ’ELSA’ project
R. Wawrzaszek [1], L. Rossini [2], M. Banaszkiewicz [1], E. Onillon [2], K. Seweryn [1], M. Strumik [1],
Ł. Wiśniewski [1], and M. Sidz [1]
[1] Space Research Centre of the Polish Academy of Sciences, Bartycka 18A, Warsaw, Poland
[2] Centre Suisse d’Electronique et de Microtechnique (CSEM), Rue Jaquet-Droz 1, CH-2002 Neuchâtel, Switzerland
This work presents th econcept of a magnetically levitated reaction-sphere system and reports the latest achievements in the development of its dynamic model obtained by the ELSA FP7 project team.
The reaction sphere is a magnetic bearing spherical actuator consisting of an 8-pole permanent magnet
spherical rotor that can be accelerated about any axis. Inertial attitude control systems used in spacecrafts, traditionally consist of one to four reaction wheels (RW) or control-moment gyroscopes (CMG).
In practice, for three-axis attitude stabilization, four or five wheels are common for optimization and
redundancy purposes. In principle, the attitude of a satellite can be changed by the reaction to the acceleration of the appropriate wheel. Another traditional approach is to use a control-momentum gyro
consisting of a rapidly rotating wheel held by gimbals. In the frame of ELSA project, the use of a single
reaction sphere held in position by magnetic levitation is being developed as an alternative to the current
approach. The sphere can be accelerated in any direction by a three-dimensional motor. Because of its
unparalleled symmetry, a hollow sphere constantly delivers maximum inertia independently of its current rotation axis. However, in opposition to its potential usefulness, control procedures that are applied
to the reaction sphere require appropriate investigation of stability and dynamics of the whole system,
which is nonlinear and includes a wide range of phenomena, such as interaction between rotating permanent magnets and coils in stator, sticking forces, and generation of eddy currents.

Microscopic reversibility of non-equilibrium open systems
T. Monnai
Osaka City University, Osaka, Japan
Time-reversal invariance of the equations of motion equally allows time forward and reversed processes.
Indeed, reversibility plays a significant role for the fluctuation and transport in mesoscopic systems in
the context of the fluctuation theorem. It is remarkable that unlike the time reversal of equilibrium states,
nonequilibrium theories require the reversal of trajectories in the phase space.
In this poster, we show in an open system that the ratio of the probabilities of time-forward and
reversed trajectories is directly connected to a degree of time reversal asymmetry of the final state
for an externally forced Liouvillian reversible dynamics. This microscopic reversibility is a modelindependent relation valid out of equilibrium. Especially, it gives a microscopic expression of the heat,
provided that the system interacts with a large reservoir, and the subdynamics is well-described by a
Markovian stochastic dynamics. The heat obtained in this way typically satisfies the Clausius inequality.
When the system is submitted to thermalization after a quench, the probabilities of the forward and
reversed trajectories are almost equal, which is also the case for the quantum open systems.
[1] T.Monnai, arxiv:1202.5648.
[2] T.Monnai, J.Phys.A, 45 125001 (2012).
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P24 Fluctuation sensitive coarse-graining for stochastic dynamics
A. Wachtel [1,2] and J. Vollmer [1,2] and Bernhard Altaner[1,2]
[1] Max-Planck-Institut für Dynamik und Selbst-Organisation (MPIDS), 37077 Göttingen, Germany
[2] Fakultät für Physik, Georg-August-Universität Göttingen, 37077 Göttingen, Germany
We consider Markov processes on a finite state space. Such stochastic processes can be viewed as a
random walk on a network. Physically, the states represent a mesoscopic description as they summarize
regions of phase space of an underlying microscopic dynamics. Addressing fluctuations in the steady
states, we will present a systematic way to simplify the stochastic description which preserves both the
meso-micro and the meso-macro connection. The former can be achieved by demanding locality, the
latter by preserving the cycle topology on the network of states. Our method preserves fluctuations of
observables much better than ad hoc approaches, as illustrated by a discussion of the molecular motor
protein kinesin [1]. We will also discuss how simplifying the cycle topology effects the meso-micro and
the meso-macro connection.
[1] B. Altaner and J. Vollmer, Phys. Rev. Lett. (2012) in press.

P25 Geodesics from the dynamical systems viewpoint
P. Pokorny
Prague Institute of Chemical Technology, Prague, Czech Republic
Geodesics (the shortest connection of two points) are studied from the viewpoint of dynamical systems
theory. The equation governing the motion is derived using the metric tensor and Christoffel symbols
from two possible definitions: based on zero-tangent acceleration and on minimal length. Geodesics on
a torus are studied in detail. They are shown to split into two distinct classes. Applications in mechanics
(brachystochrone) and optics (light beam in inhomogeneous medium) are given.
[1] Arnold V. I.: Ordinary Differential Equations. MIT Press 1998.
[2] Horsky J. et al.: Mechanika ve fyzice. Academia Prague 2001.
[3] Ljusternik L. A.: Kratcajsije linii. Gostechizdat Moscow 1955.
[4] Pokorny P.: Geodesics Revisited. Chaotic Modeling and Simulation 2012.

P26 Orientational correlations in confined DNA
E. Werner [1], F. Persson [1], F. Westerlund [2], J. O. Tegenfeldt [1], and B. Mehlig [1]
[1] Department of Physics, University of Gothenburg, Sweden
[2] Department of Chemical and Biological Engineering, Chalmers University of Technology, Sweden
We study how the orientational correlations of DNA confined to a channel depend on the channel diameter D by means of Monte-Carlo simulations and a mean-field theory. We show how local correlations
influence global properties of the DNA. The correlations determine, for example, the dependence of the
end-to-end distance of the DNA molecule upon D. We find that this dependence is in general not of
power-law form. We have experimentally measured the extension of DNA in nanochannels. Tapered
channels provide the necessary resolution to study the dependence of the extension upon D. Experimental and theoretical results are in qualitative agreement.
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A quaternionic map for the Heisenberg spin-chain

P27

S. Dutta [1], S. Tiwari [1], and M. P. Mehta [1]
[1] Department of Physics, Bits Pilani, KK. Birla, Goa campus, India
We show that the steady states of the classical Heisenberg XXX-spin chain in an external magnetic
field can be found by iterations of a quaternionic map. A restricted model, e.g., the XY-spin chain is
known to have chaotic steady states and the phase-space occupied by these chaotic states is known to
go through discrete changes as the field strength is varied. The same phenomenon is studied for the
XXX-spin chain. It is seen that in this model the phase space volume varies smoothly with the external
field. We also calculate mean value distribution of the spin components in the chaotic steady state and
show that it matches with the q-Gaussian distribution of Tsallis.

Extreme events in disordered nonlinear lattices

P28

A. Maluckov [1], N. Lazarides [2,3], G. Tsironis [2,3], and Lj. Hadzievski [1]
[1] Vinča Institute of Nuclear Sciences, University of Belgrade, Serbia
[2] Department of Physics, University of Crete Heraklion, Greece
[3] Institute of Elect. Structure and Laser-Hellas, Heraklion, Greece
The light propagating through the nonlinear disordered lattices can selforganize into transient or persistent structures with large amplitudes that are not statistically very significant. In the case of ocean
waves, the extreme events (EE) of this type are rogue or freak waves [Phys. Lett. A 373, 675 (2009)].
EEs have also been reported in the nonlinear optical systems [Nature 450, 1054 (2007)].
We address the questions of the conditions for generation of EEs in the process of spatiotemporal
evolution in the one-dimensional (1D) and two-dimensional (2D) discrete nonlinear systems with disorder, and the statistics of their appearance. The mathematical models are the Anderson disordered discrete 1D Salerno equation [Phys. Rev. E 79, 025601(R) (2009)], and discrete 2D nonlinear Schrödinger
equation [Nature 450, 1054], respectively. While the generation of the EEs is mediated by modulational
instability, the subsequent evolution is directly induced by the interplay of local and nonlocal nonlinearity and quenched disorder, i.e. the mechanisms of the energy self-trapping (localization) and energy
transport (delocalization) in the lattice.
We related the transition of the average return time probability from power-law to exponential form,
and the appearance of the local maximums in the probability for the creation of the EE with the variation
of the relative strengths of local/nonlocal nonlinearity, and disorder, i.e. with the rate of the energy transport among the localized structures. We found that a relatively low level of disorder and non-locality
lead to maxima in the probability for EE production in the relatively weak nonlinearity regime. There the
transient EEs are assumed to be dominant. In the highly disordered case the local nonlinearity can favor
the EE generation increasing the probability for their production. The last ones are associated with the
breathing persistent localized structures. We related our results to the expected long-time wave-packet
spreading regimes.

Chaos-theory methods in the modelling of the interaction of non-linear vibra- P29
tional systems on the basis of temporal series analysis (application to semiconductor quantum generators)
V. M. Kuzakon [1], E. P. Solyanikova [1], A. V. Glushkov [2], and G. P. Prepelitsa [2]
[1] Odessa National Academy - ONAFT, Odessa, Ukraine
[2] Odessa State University - OSENU, Odessa, Ukraine
This poster is devoted to techniques for characterizing the dynamics of coupled semiconductor quantum
generators (see details in Refs. [1,2]) and identifying the presence of chaotic elements. The mutualinformation approach, correlation-integral analysis, false nearest-neighbour algorithm, Lyapunov-exponent’s
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analysis, and the surrogate data method are used for comprehensive characterization. The correlationdimension method provided a low fractal-dimensional attractor thus suggesting the possibility of the
existence of chaotic behaviour. The method of surrogate data, for detecting nonlinearity, provided significant differences in the correlation exponents between the original data series and the surrogate data
sets. The main conclusion is that the system exhibits a nonlinear behaviour and low-dimensional chaos.
[1] Glushkov A.V., Khetselius O.Yu., Kuzakon V.M., Prepelitsa G.P., Solyanikova E.P., Svinarenko
A.A., Modeling of interaction of the non-linear vibrational systems on the basis of temporal series analyses (application to semiconductor quantum generators// Dynamical Systems - Theory and Applications.Lodz, Poland (2011).
[2] Serbov N.G., Kuzakon’ V.M., Khetselius O.Yu., Prepelitsa G.P., Solyanikova E.P., Non-linear
analysis methods of signal’s temporal series in modeling of interactions in the non-linear vibrational
systems of the quantum generators type, Photoelectronics, Vol.20, 117 (2011).

P30 A multifractal model for space plasma turbulence
A. Wawrzaszek [1] and W. M. Macek [2,1]
[1] Space Research Centre, Polish Academy of Sciences, Warsaw, Poland
[2] Faculty of Mathematics and Natural Sciences, Cardinal Stefan Wyszyński University, Warsaw,
Poland
In order to quantify the multifractality of space plasma turbulence, we consider a generalized weighted
Cantor set with two different scales describing nonuniform compression of cascading eddies. We investigate the resulting multifractal spectra depending on two scaling parameters and one probability
measure parameter, especially for asymmetric scaling. We apply this model to intermittent turbulence
in the solar wind plasma in the inner and the outer heliosphere at the ecliptic and at high heliospheric
latitudes, and even to analyze spectra observed by Voyager in the heliosheath, beyond the termination
shock. We argue that the degree of multifractality falls steadily with the distance from the Sun and is apparently modulated by the solar activity. We have found that the degree of multifractality of solar wind
magnetic turbulence before the shock crossing is greater than that in the heliosheath, where the plasma
is in equilibrium, and hence the turbulence may become roughly monofractal. Hence we propose this
more general model as a useful tool for analysis of intermittent turbulence in various environments.

P31 An oscillators slow march to death
A. Sarkar [1], J. K. Bhattacharjee [1], P. Guha [1], A. Ghose-Chowdhury [2], A. K. Mallik [1], and P. G.
L. Leach [3,4]
[1] Department of Theoretical Sciences, S. N. B. N. C. B. S, Salt lake, Kolkata 700098, India
[2] Department of Physics, Surendranath College, 24/2 M.G. Road, Kolkata, India
[3] Department of Mathematics and Statistics, University of Cyprus, PO Box 20537, 1678 Lefkosia,
Cyprus
[4] School of Mathematics, Statistics and Computer Science, University of KwaZulu-Natal, Private Bag
X54001, Durban 4000, Republic of South Africa
We consider a variant of the second-order Riccati equation and examine its dynamics using the renormalization group (RG) technique. We show that the solution changes from being periodic to non-periodic
depending on a critical parameter. This happens as the time period of the oscillator diverges as the
parameter approaches the critical value. We further demonstrate that this critical behavior is not unique
to this variant of Riccati equation but a hierarchy of equations behave in a similar manner. We find an
analytical expression for the critical point for this hierarchy of oscillators. The critical parameter turns
out to be independent of initial conditions. Phase trajectories corresponding to various initial conditions
are collapsed onto a single trajectory via a scaling thereby establishing the basis for the initial-condition196
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independent behavior of the critical parameter. Further using a perturbative renormalization-group argument, it is shown that modifying the equation by adding a simple linear term leads to an oscillator
which exhibits isochronous oscillations.

On normal forms of totally degenerated 2D systems

P32

M. Mencinger
Institute of Mathematics, Physics and Mechanics, Ljubljana, Slovenia
We consider the planar polynomial systems (of ODEs) beginning with quadratic terms: x0 = H2 (x) +
h.o.t., where H2 (x) is homogeneous of order two and x ∈ R2 . Obviously, x = 0 is a totally degenerated singular point and a generalization of normal forms for the quadratic part H2 (x) is needed
in order to treat systems x0 = H2 (x) + h.o.t. systematically. Generally (for x ∈ Rn ) there is a
one-to-one correspondence between x0 = H2 (x) and nonassociative commutative n−dimensional
real algebras (c.f. [3-7]). The corresponding algebra multiplication ∗ can be defined uniquely by
x ∗ y := 21 (H2 (x + y) − H2 (x) − H2 (y)), thus in the corresponding algebra (Rn , ∗) one can write
x0 = x ∗ x = x2 instead of x0 = H2 (x) and obtain a Riccati equation. In this report we offer a kind
of normal forms based
 on the so called Markus classification [4] of real two dimensional commutative algebras R2 , ∗ based on the existence of special algebraic elements called nilpotents of rank two
(n2 = 0) and idempotents (p2 = p), c.f. [5-6]. The blow up technique [1-2] is widely used in desingularization of degenerate singular points of planar vector fields. The corresponding Newton diagram
for (normal forms of) system x0 = H2 (x) + h.o.t. suggests (especially for the idempotent normal form
cases) the classical-polar blow up. Finally, for some remarkable cases we will use the blow up technique
in order to obtain the topological picture of the orbit structure of the (totally degenerated) singularity.
[1] M. J. Alvarez, A. Ferragut, F. Jarque, A Survey on the Blow up Technique, IJBC 21, (2011)
3103-3118.
[2] F. Durmortier, J. Llibre, J.C. Artés, Qualitative Theory of Planar Differential Systems, SpringerVerlag, Berlin Heidelberg, 2006.
[3] M. K. Kinyon and A. A. Sagle, Quadratic Dynamical Systems and Algebras, Journal of Diff.
Equations, 117 (1995) 67–126.
[4] L. Markus, Quadratic Differential Equations and Nonassociative Algebras, Ann. Math. Studies
45 (1960), Princeton Univ. Press, 185-213.
[5] M. Mencinger, On Stability of the Origin in Quadratic Systems of ODEs via Markus Approach,
Nonlinearity 16, (2003) 201-218.
[6] M. Mencinger, On algebraic approach in quadratic systems, Int. j. math. math. sci., 2011
(2011), 1-12.
[7] S. Walcher, Algebras and Differential Equations, Hadronic Press, Inc., Palm Harbor, 1991.

Optimization control problem for the Korteweg-de Vries equation
S. Serovajsky
Al-Farabi Kazakh National University, Almaty, Kazakhstan
A control system described by a periodic boundary problem for the Korteweg-de Vries equation is
considered. The initial state is chosen as the control. It is an element of a convex set. The minimizing
functional is integral. The solution of the boundary problem may not be unique for some admissible
controls. The optimization control problem can be unsolvable. The basis of the analysis of this problem
is the parabolic regularization of the state equation. The optimization control problem for the regularized
system is considered. The solvability of the regularized optimization control problem is proved. The
sequence of its solution is a minimizing sequence for the initial optimization control problem. Thus the
optimal control of the regularized optimization control problem for the large step of the regularization
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method can be chosen as the approximate solution of the given optimization control problem. It satisfies
the corresponding necessary conditions of optimality in the form of variational inequality.

P34 On the electro-optic response of a nematic banana shaped liquid crystal
O. Elamain [1], G. Hegde [1], L. Komitov [1], and K. Fodor-Csorba [2]
[1]Liquid Crystal Group, Department of Physics, Gothenburg University, Gothenburg, Sweden, SE-412
96
[2] Research institute for Solid State and Optics of the Hungarian Academy of Science H-1525, Hungary
We investigate the electro-optic characterization of nematic bent core liquid crystal (BCLC) cells. We
found that unidirectional rubbing of the alignment layer promoting PA, respectively promote alignment
of the cell optic axsis parallel to the rubbing direction. Application of dc electric fields generated stable
periodic patterns. Above a certain induced voltage, a high quality dark state in thinner cells (about 2 µm)
was achieved. These observations are explained with a model taking into account the reorientation behavior of the bent core molecules under the applied electric field.

P35 Universal law for waiting internal times in seismicity and its implication to complex network of earthquakes
N. Suzuki
College of Science and Technology, Nihon University, Japan
Seismic data are mapped to growing random networks [1]. Vertices and edges of such networks correspond to coarse-grained events and event-event correlations, respectively. This approach turned out
to reveal many new aspects of complexity of seismicity. The earthquake networks were found to be
complex networks, being scale-free, small-world and hierarchically organized, each of which has its
own implication in view of seismology [1,2]. In studies of seismicity, one can consider two different
kinds of time: one is the conventional time, and the other is the internal time. Let t1 , t2 , ..., tN be the
conventional occurrence times of N earthquakes contained in the dataset to be analyzed. In this case,
the internal time is simply the label n of tn (n = 1, 2, ..., N ), which is henceforth referred to as the
"event time" [3]. Carbone et al. show [4] that the "unified scaling law" for conventional waiting times
of earthquakes claimed by Bak et al. [5] is actually not universal. We show that, in contrast to the
conventional waiting time, the waiting "event time" obeys a power law [3]. This implies the existence of
temporal long-range correlations in terms of the event time with no sharp decay of crossover type. The
discovered power-law waiting-event-time distribution turns out to be universal in the sense that it takes
the same form for seismicities in California, Japan, and Iran. In particular, the parameters contained in
the distribution take the common values in all these geographical regions. An implication of this result
to the procedure of constructing earthquake networks is discussed.
[1] S. Abe and N. Suzuki, Europhys. Lett. 65,581(2004).
[2] S. Abe and N. Suzuki, "Earthquake Networks, Complex", in Encyclopedia of Complexity and
Systems Science, Springer(2009).
[3] S. Abe and N. Suzuki, Europhys. Lett. 97,49002(2012).
[4] V. Carbone et al., Europhys. Lett. 71,1036(2005).
[5] P. Bak et al., Phys. Rev. Lett. 88,178501(2002).
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Habitable area distributions as an external factor of population distributions in P36
Japan
S. Fujimoto [1,2], T. Mizuno [1,3], T. Ohnishi [1,4], C. Shimizu [5], and T. Watanabe [1,4]
[1] The Canon Institute for Global Studies, Tokyo, Japan
[2] Kanazawa Gakuin University, Kanazawa, Ishikawa, Japan
[3] University of Tsukuba, Tsukuba, Ibaraki, Japan
[4] The University of Tokyo, Tokyo, Japan
[5] Reitaku University, Kashiwa, Chiba, Japan
The purpose of our research is to clarify mechanisms how to produce disparities in the spatial distribution of a population. There are two types of factors which determine the distribution of the population.
First, there are external factors which are environmental factors such as topography and habitability.
Second, there are internal factors such as attractive interactions between people. The internal factors
cause urban agglomeration. The generation mechanism of Zipf’s law is realized in the combination
these two types of factors. For 2000 and 2005, it is possible to obtain the Japanese population data in
about 500m square meshes as raster data. It is possible to obtain Japanese land use code about 100m
square meshes as raster data. We can investigate environmental factors from the land use code. Using
these data, we can identify habitable places. When we have examined relations between the area of the
habitable place and the population, we have used several methods for spatial divisions. One of the methods is division by same size squares. In this case, the square size is controllable. It is able to investigate
the correlation of the habitable area and population in various aggregate levels. If length of the side of
the square is more than 20 km, the distribution of habitable area is exponential and the distribution of
population is power-law. By using the habitable area for conditions of the population distribution, as a
result, mechanism of the Zipfs law becomes clear.

Global feedback control of Turing patterns in network-organized activatorinhibitor systems
S. Hata [1], H. Nakao [2], and A. S. Mikhailov [1]
[1] Fritz-Haber-Institute of the Max-Planck-Society, Berlin, Germany
[2] Tokyo Institute of Technology, Tokyo, Japan
Results of the first systematic study on feedback control of nonequilibrium pattern formation in networks will be presented. Control of self-organization processes is an important problem encountered
in various applications. Turing patterns provide classical examples of self-organized structures far from
thermal equilibrium. They have been experimentally and theoretically investigated for chemical and
biological reaction-diffusion media. Turing patterns have also been considered for network-organized
activator-inhibitor systems and their properties for different kinds of random networks have been discussed [1]. The question addressed in this presentation is whether the network Turing patterns can be
controlled. Recently, we have proposed and studied the control scheme for network Turing patterns
which is based on the introduction of global feedback [2]. It has been shown that, by using this method,
the Turing instability and the properties of the emerging patterns can be efficiently steered. The hysteresis typical for the network Turing patterns can thus be prevented and patterns with the desired properties
can be obtained.
[1] H. Nakao and A. S. Mikhailov, Nature Physics 6, 544 (2010).
[2] S. Hata, H. Nakao, and A. S. Mikhailov, submitted (2012).
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P38 Intermittency in the oscillation of candle flames
Y. Iekushi [1], M. Shimokawa [2], H. Kitahata [1,3], and T. Sakurai [1]
[1] Department of Physics, Graduate School of Science, Chiba University, Chiba, Japan
[2] Center for Frontier Science, Chiba University, Chiba, Japan
[3] PRESTO JST, Japan
It has been reported that the size of a flame oscillates stably when more than two candles burn in
clusters. This oscillation does not occur, and the size of the flame is kept constant, when a candle burns
alone. The transition from stable burning to oscillatory burning has been understood as a bifurcation
phenomenon [1]. According to previous investigation, the flame oscillates stably when the supply rate
of the fuel exceeds a certain bifurcation point. However, we observed the intermittent phenomenon
between a stable burning and oscillatory burning. In this study, we measured the distribution of the duration times of the oscillatory burning and discussed the validity of explaining intermittent phenomenon
as a bifurcation phenomenon.
[1] Kitahata, H. et al., J. Phys. Chem. A 2009, 113, 8164–8168.

P39 Phase response of the cortical slow oscillation
A. Weigenand , T. Martinetz , and J. C. Claussen
Institut fuer Neuro- und Bioinformatik, Universitaet zu Luebeck, Germany
Cortical slow oscillations occur in the mammalian brain during deep sleep and have been shown to
contribute to memory consolidation, an effect that can be enhanced by electrical stimulation. As the
precise underlying working mechanisms are not known it is desired to develop and analyze computational models of slow oscillations and to study the response to electrical stimuli. We employ the
conductance based model of [Compte et al., J Neurophysiol 89, 2707] to study the effect of electrical
stimulation. First we reproduce the experimental results of electrical stimulation in ferret brain slices
by [Shu et al., Nature 423, 288] from the conductance based model. The electrical stimulation leads
to collective responses which we observe to depend on the timing of the stimulus with respect to the
state of the slow oscillation. To quantify the network response on stimulation we calculate the phase
response curve for the conductance based network model. Within the up state stimulation leads to a
shortening of the up state, or phase advance, whereas during the up-down transition a prolongation of
up states is possible, resulting in a phase delay. Finally we derive the phase response curve also for the
simple mean-field model by [Ngo et al., Euro phys. Lett. 89, 68002] and find that the qualitative shape
is preserved.

P40 Clustering in bipartite consumer-product networks
L. G. S. Jeub [1] and M. A. Porter [1,2]
[1] Oxford Centre for Industrial and Applied Mathematics, Mathematical Institute, University of Oxford, Oxford OX1 3LB, UK
[2] CABDyN Complexity Centre, University of Oxford, Oxford OX1 1HP, UK
The shopping history of consumers can be intuitively represented as a time-dependent bipartite network
of consumers and products, where the links are given by the individual transactions. Such networks exhibit significant clusters, both when restricted to a single product category, as well as aggregated across
categories. Within a category, brand loyalty appears to be a major driving force in the formation of
clusters, which provides a way to quantify and compare its effect in different markets. By aggregating
the network across categories, one obtains groups of products and consumers consisting of people that
have similar buying patterns and the products they bought predominantly. We also explore the evolution
of clusters over time and their potential to reveal changes in the underlying behavioural patterns.
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Classical dynamics of diatomic polar molecules in strong static electric fields

P41

P. F. Arnaiz [1], M. Iñarrea [1], and J. P. S. Ilarraza [1]
[1] Área de Física Aplicada, Universidad de la Rioja, Logroño, Spain
We study the classical dynamics of the RbCs molecule in the presence of a static electric field. Under the Born–Oppenheimer approximation, we perform a rovibrational investigation which includes the
interaction of the field with the molecular polarizability. The stability of the equilibrium points and the
phase space structure of the system are explored in detail. We find that, for strong electric fields or for
energies close to the dissociation threshold, the molecular polarizability causes relevant effects on the
system dynamics.

How fast can a magnetic snake swim on the water?

P42

F. J. Maier , I. Rehberg , and R. Richter
Experimentalphysik 5, Universität Bayreuth, Germany
Objects floating on the interface between a liquid and a gas, like bubbles on a cup of hot chocolate,
tend to self-assemble due to capillary interaction [1]. For floating magnetic micro particles one can additionally impose a repulsive dipole-dipole interaction by means of a magnetic field oriented normally
to the surface. This may result in a hexagonal lattice of particles. Even more complex patterns are
formed under influence of an alternating magnetic field. Supported by capillary surface waves the magnetic micro particles self-assemble into patterns, which might resemble snakes [2]. Large-scale vortex
flows propel asymmetric snakes to move around erratically [3]. Symmetric snakes can be transformed
to asymmetric ones, by attaching a floating object to one side of the snake [3]. In our study we present
measurements of the swimming velocity of magnetic snakes attached to a floating disc for different values of the driving amplitude and frequency. The experimental data are well described by the model put
forward in Ref. [3] .
[1] D. Vella and L. Mahadevan, Am. J. Phys. 73, 817 (2005).
[2] A. Snezhko, I. S. Aranson, and W.-K. Kwok, Phys. Rev. Lett. 96, 078701 (2006).
[3] A. Snezhko, M. Belkin, I. S. Aranson, and W.-K. Kwok, Phys. Rev. Lett. 102, 118103 (2009).

Three-dimensional analysis of collective motion of hooded gulls
T. Mizuguchi [1,2], M. Yomosa [1], and Y. Hayakawa
[1] Department of Mathematical Sciences, Osaka Prefecture University, Sakai, Osaka, Japan
[2] PRESTO, JST, Japan
[3] CITE, Tohoku University, Sendai, Miyagi, Japan
The development of measurement devices makes it possible to extract three-dimensional position data
of distant objects such as flying birds. Collective motions of birds in flocks are studied based on real data
using these devices such as GPS or digital cameras [1,2,3]. We focus on flocks of the hooded gull (Larus
ridibundus) which flies around and along Yamatogawa River in Osaka. Behaviours of birds in flocks are
analyzed in terms of time series of their velocities and relative positions, which are three-dimensionally
reconstructed from pictures taken by a portable stereo-camera system. We define bird coordinates based
on the averaged motion of each individual. The distribution of the lateral component of relative position
has two peaks around zero. This suggests that individuals avoid the position just behind others. The
time-series of oscillating velocity component caused by a flapping motion are also analyzed.
[1] M. Ballerini et al. PNAS 105, 1232 (2008).
[2] Y. Hayakawa, Europhys. Lett. 89, 48004 (2010).
[3] M. Nagy et al, Nature 464, 890 (2010).

201

P43

Posters

P44 Organ-pipe synchronization by acoustical waves
J. Fischer [1], M. Winkler [1], and M. Abel [2]
[1] Potsdam University, Potsdam, Germany
[2] LEMTA - Lorraine University, Vandoeuvre les Nancy, France
Organ pipes are beautiful musical instruments, but at the same time they may serve as a paradigm
for synchronization: even their extended nature they can be described as self-sustained oscillators [Abel
et al, PRL 103, 114301 (2009)]. Following previous results, we investigated the details of the modeling
and the coupling mechanism by numerical simulation of the compressible Navier-Stokes Equations and
performed an extensive study pipes of different size, scanning the dependence of synchronization on
distance. Surprisingly, we find several synchronization regions or Arnold Tonges which do not correspond to n : m synchronization but rather to the relative phase which occurs due to the coupling by
an acoustical wave. This phenomenon is unique in that it can appear only in oscillators coupled by a
waveguide (in our case this is air). We present the results of a model built by using the simulation results
and confront them with the model found by reconstruction of the measured signals from microphones.

P45 Transition from Brownian to “long-memory” motion
C. Leemann
Hochschule für Technik und Informatik, Quellgasse 21, CH-2501 Biel, Switzerland
The time dependence of one velocity component, v(t), of a particle in a fluid is analyzed with a simulation. The fluid is modeled as a collection of (smaller) particles with random velocities which follow
a Gaussian distribution with variance σ. By assuming that the collision probability per unit time between a smaller particle and the test particle is proportional to the relative speed, I find that the time
dependence of v exhibits two domains. For v > σ, the behavior of v is fairly close to a 1/(1 + t) time
dependence, while for v < σ the decay may be interpreted as being consistent with viscous damping
leading eventually, at large t, to Brownian motion.

P46 Parity non-conservation in finite Fermi systems and dynamical enhancement of
weak interactions: quantum chaos
O. Yu. Khetselius [1]
[1] Odesssa State University - OSENU, Odessa-9, 65009, Ukraine
In finite quantum many-body Fermi-systems with dense spectra of excited states, weak perturbations
can be significantly enhanced. We consider an enhancement of parity non-conservation (PNC) effects
in heavy atoms and nuclei. Using PNC effects one can study quantum chaos in many–body systems,
nuclear fission, distribution of neutrons in nuclei etc. During the past two decades, the nuclear and
atomic-optical experiments to detect PNC have progressed to the point where PNC amplitudes can be
measured with accuracy on the level of a few percents in certain heavy atoms and significantly worse in
some nuclei (Mossbauer spectroscopy). Nowadays PNC in atoms has a potential to probe new physics
beyond the Standard Model. In our paper we systematically apply the nuclear-relativistic many-body
perturbation theory formalism [1] to precisely study PNC effects in heavy atoms taking into account
nuclear, correlation and QED corrections. The PNC radiative amplitudes for a set of nuclei (atoms)
are determined: 133Cs, 137Ba+, 173Y b, taking into account exchange-correlation, Breit, weak e-e
interactions, QED and nuclear (magnetic moment distribution, finite size, neutron skin) corrections,
nuclear-spin dependent corrections due to anapole moment, Z-boson ((AnVe) current) exchange, hyperfine -Z exchange ((VnAe) current). In order to describe the weak e-N, N-N interaction the standard
spin-independent and spin-dependent (anapole moment of a nucleus etc) potentials are used. Theorems,
providing a reconstruction of the conservation effect and construction of the gauge-invariant one-particle
representation in the nuclear-QED theory, are proven.
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[1] O. Yu. Khetselius, Phys.Scripta T135, 014023 (2009); Int. J. Quant. Chem. 109, 3330 (2009);
Glushkov A.V., Khetselius O.Yu., Lovett L., Advances in the Theory of Atomic and Molecular Systems
Dynamics, Spectroscopy, Clusters, and Nanostructures. Series: Progress in Theoretical Chemistry and
Physics, Eds. Piecuch P., Maruani J., Delgado-Barrio G., Wilson S. (Berlin, Springer) 20, 125 (2009).

Ring formation by competition between entropic effects and thermophoresis
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K. Odagiri [1], K. Seki [2], and K. Kudo [3]
[1] Meiji Institute for Advanced Study of Mathematical Sciences (MIMS), Meiji University, Kawasaki
214-8571, Japan
[2] National Institute of Advanced Industrial Science and Technology (AIST), Japan
[3] Department of Information Sciences, Ochanomizu University, Bunkyo, Tokyo, Japan
We theoretically investigate colloidal distribution in a polymer solution under a temperature gradient,
inspired by the recent experiments on trapping of colloids in the hot region against their own thermophoretic properties [1,2]. In the theory, both the thermophoresis of colloid and the diffusiophoresis
originating from entropic (finite volume) effects are taken into account. The model reproduces three
different phases of colloidal distribution, such as depletion, accumulation, and ring-like distribution,
observed in the experiments. The conditions of the ring formation and other patterns are discussed. We
show that the condition of the ring formation depends on the size of colloids as found in the experiments.
By using scaling relations of the Soret coefficient of colloids, STc , and the chain length of colloids, mc ,
with the radius of gyration of colloids, Rg , STc ∼ Rgβ and mc ∼ Rgγ , we obtain three different phase
diagram of colloidal distribution depending on the sign of exponent of Rg , β − γ [3]. Our result is
consistent with the experimental result [2].
[1]. H. R. Jiang, H. Wada, N. Yoshinaga, and M. Sano, Phys. Rev. Lett. 102, 208301 (2009).
[2]. Y. T. Maeda, A. Buguin, and A. Libchaber, Phys. Rev. Lett. 107, 038301-1 (2011).
[3] K. Odagiri, K. Seki, and K. Kudo, Soft Matter, accepted.

The effect of multiple paternity on genetic diversity during colonisation
M. Rafajlovic [1], A. Eriksson [2], A. Rimark [1], S. Sara [3], M. Panova [3], C. André [3], K. Johannesson [3], and B. Mehlig [1]
[1] Department of Physics, University of Gothenburg, SE-41296 Gothenburg, Sweden
[2] Department of Zoology, University of Cambridge, CB2 3EJ Cambridge, UK
[3] Department of Marine Ecology-Tjarno, University of Gothenburg, SE-45296 Stromstad, Sweden
Theoretical studies of genetic diversity during colonisation commonly neglect the fact that natural habitats mutually differ by their carrying capacities. For example, marine snails (L. saxatilis) found in the
West coast of Sweden’s archipelago populate mainlands, islands, and skerries. Indications are that islands and skerries are colonised by founders that dispersed from mainlands in a stepwise fashion [1-3].
On the one hand, island- and skerry-populations are expected to be subject to severe loss of genetic
diversity due to repeated founder effects. On the other hand, the loss of genetic diversity is likely to
be mitigated by high levels of multiple paternity established in these populations [3]. In this study we
quantify the effect of multiple paternity on genetic diversity under a mainland-island colonisation model
[1]. We find that population heterozygosity decays as the distance from the mainland increases, and that
the rate at which this decay occurs decreases as the level of multiple paternity increases. We note that
population heterozygosity far from the mainland fluctuates between low and high values, and we discuss
how multiple paternity affects durations of low- and high heterozygosity phases .
[1] Rafajlovic, M. et al. (2012) The effect of multiple paternity on genetic diversity during colonisation, unpublished.
[2] Janson, K. (1987) Genetic drift in small and recently founded populations of the marinesnail
Littorina saxatilis. Heredity 58, 31-37.
203

P48

Posters

[3] Johannesson, K. et al. (2010) Repeated evolution in reproductive isolation in a marinesnail: unveiling mechanisms of speciation. Phil. Trans. R. Soc. B 365, 1735-1747.

P49 Surface melting of wet granular matter in two dimensions
C. May , I. Rehberg , and K. Huang
Experimentalphysik V, Universitaet Bayreuth, 95440 Bayreuth, Germany
Surface melting has been a topic of interest since Michael Faraday’s observations on re-gelation, that
is, welding of two blocks of ice after contact below zero degrees Celsius. From the qualitative idea of
surface-energy reduction to experimental tests, it becomes clear nowadays that melting is a continuous
process that tends to start from the free surface.
In the present investigation, we study the melting of a monolayer of wet glass beads under horizontally swirling motion experimentally. Due to the cohesion arising from the formation of capillary bridges
between adjacent particles, the particles initially form a crystal like structure at moderate driving. As
the strength of the driving increases, this structure is found to melt with two steps: A rearrangement into
a hexagonal packing sheltered by a premelted layer, followed by a continuous melting from the surface.
The morphological changes during the melting process are characterized by means of Voronoi tessellation and bond orientational order parameters. Utilizing this order parameter, the threshold for melting
and its dependence on the control parameters are measured and discussed with a simplified model.

P50 Understanding dynamics of collective human behavior using huge social network
data
K. Yamada [1], Y. Sano [2], H. Takayasu [3], and M. Takayasu [4]
[1] Waseda Institute for Advanced Study, Tokyo, Japan
[2] Laboratory of Physics, College of Science and Technology, Nihon University, Tokyo, Japan
[3] Sony Computer Science Laboratories, Tokyo, Japan
[4] Department of Computational Intelligence and Systems Science, Interdisciplinary Graduate School
of Science and Engineering, Tokyo Institute of Technology, Tokyo, Japan
Collective human behavior becomes a major target of the twenty-one century science, thanks to development of computer technology [1, 2]. Especially the huge data of articles in the world-wide web
such as blogs and twitters is attracting attention because the data directly reflects trends and topics in
human society. By using a large Japanese blog database with author’s ID, we can observe not only the
number of occurrences per day of any word, but also the dynamics of blog entries. In this presentation,
we report statistical properties and modeling of three major categories of words: ordinary words, trendy
words and news words.
In order to clarify the relationship between microscopic dynamics and the macroscopic statistical
properties of word appearance, we introduce a simple agent-based model. We find that there are two
crucial effects to reproduce statistical properties of real data by this simple agent-based model. One is
time dependence of the probability including the specific word in his/her blog and the other is repeating
tendency which means that once a blogger uses a new word then he/she tends to use the same word
again. The model we introduce in this paper includes these two effects and it can reproduce all major
statistical properties of the words.
[1] Watts, D.J. A twenty-first century science. Nature 445, 489 (2007).
[2] Lazer, D. et al. SOCIAL SCIENCE: Computational Social Science. Science 323, 721-723
(2009)
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Teleconnections and variability in climatological processes from a complex-network P51
perspective
M. Barreiro , C. Masoller , and A. C. Martí
Physics Institute, Universidad de la Republica, Igua 4225, 11400 Montevideo, Uruguay
Improving our understanding of the Earth’s climate has a significant economic and social impact for
present and future generations, and can support advances in areas as diverse as energy, environment,
agricultural. The use of techniques of nonlinear dynamics and complex systems has proven to be useful
to meet this objective [1]. In this work we analyze the characteristics of tropically-forced atmospheric
variability and the mechanisms responsible for these processes. The focus is on the southern hemisphere, and particularly, on the atmospheric teleconnections from the tropical oceans to South America.
The teleconnection processes are studied from a complex-network perspective using atmospheric global
circulation models and coupled models. The focus is on how the teleconnections will change in the near
future due to interdecadal natural variability and anthropogenic forcing.
[1] Inferring long memory processes in the climate network via ordinal pattern analysis, Marcelo
Barreiro, Arturo C. Marti, and Cristina Masoller, Chaos 21, 013101 (2011), DOI:10.1063/1.3545273

Random fitness landscapes and extreme-value theory

P52

J. Neidhart and J. Krug
Institut für Theoretische Physik, Universität zu Köln, Deutschland
We study biological evolution in a high-dimensional genotype space in the regime of rare mutations
and strong selection, assigning fitness randomly to genotypes. The population performs an uphill walk
which terminates at local fitness maxima. Utilising extreme value theory, we show that the mean walk
length is logarithmic in the number of initially available beneficial mutations, with a prefactor determined by the tail of the fitness distribution. This result is derived analytically in a simplified setting
where the mutational neighborhood is fixed during the adaptive process, and confirmed by numerical
simulations. Motivated by evolution experiments with viral populations, we include a mean fitness gradient into the description and analyze its effect on the ruggedness of the landscape, as well as on the
properties of adaptive walks.

Oscillatory demixing of binary fluids

P53

M. Rohloff [1,2], T. Lapp [1], J. Vollmer [1,2], and M. Wilkinson [3]
[1] Max Planck Institute for Dynamics and Self-Organization (MPIDS), 37077 Göttingen, Germany
[2] Faculty of Physics, University of Göttingen, 37077 Göttingen, Germany
[3] Department of Mathematics and Statistics, The Open University, Milton Keynes, MK7 6AA, England
Phase separation appears in a homogeneous binary fluid when the temperature is changed such that the
homogeneous state is no longer thermodynamically stable. It arises on small length scales by nucleation
of droplets or by spinodal decomposition. The subsequent growth of domain structures is governed by
diffusive transport of supersaturation. Sedimentation of droplets eventually leads to a macroscopically
phase separated system. When inducing phase separation by a slow continuous temperature change,
supersaturation is not only transported by diffusion but also generated continuously. The interplay of
diffusion, generation of supersaturation and gravity can lead to an oscillatory instability, resulting in
repeated waves of nucleation each followed by droplet growth and sedimentation [1].
We present a lab experiment where a binary fluid subject to a slow temperature ramp shows cycles of
droplet nucleation, growth and sedimentation [2,3]. Two kinds of experiments are performed to explore
the parameter dependence of the oscillation period:
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In the first one we illuminate the sample with a light sheet and take pictures of fluorescently labeled
droplets. Thus, we identify and track the droplets to explore their spatially and temporally resolved size
distribution [3].
In the second kind of experiments we follow the oscillation period by turbidity measurements.
Having access to the droplet size distribution for many oscillations and two types of binary fluids, we
identify the dependence on different material parameters in particular density, viscosity, surface tension,
as well as the influence of heating rate and sample geometry.
[1] Vollmer J., Auernhammer G. K., Vollmer, D., Minimal model for phase separation under slow
cooling, Phys Rev Lett 98: 115701 (2007)
[2] Auernhammer G. K., Vollmer D., Vollmer J., Oscillatory instabilities in phase separation of
binary mixtures: Fixing the thermodynamic driving, J Chem Phys 123: 511–518 (2005)
[3] Lapp T., Rohloff M., Vollmer J., Hof B., Particle tracking for polydisperse sedimenting droplets
in phase separation, Experiments in Fluids 52: 1187–1200 (2012)

P54 The coupled dynamics of two particles with different limit sets
C. Mulhern [1], D. Hennig [1], and A. A. D. Burbanks [1]
[1] Department of Mathematics, University of Portsmouth, Portsmouth, PO1 3HF, UK
We consider a system of two coupled particles evolving in a periodic and spatially symmetric potential under the influence of external driving and damping. The particles are driven individually in such
a way that in the uncoupled regime, one particle evolves on a chaotic attractor, while the other evolves
on two regular periodic attractors. Notably only the latter ones support coherent particle transport. The
influence of the coupling between the particles is explored, and in particular how it relates to the emergence of a directed current. We show that increasing the (weak) coupling strength subdues the current
in a process, which in phase space, is related to a merging crisis of attractors forming one large chaotic
attractor in phase space. Further, we demonstrate that complete current suppression coincides with a
chaos-hyperchaos transition.

P55 Orientational dynamics of non-spherical particles in shear flow
J. Einarsson [1], Y. N. Mishra [1], A. Johansson [1], J. R. Angilella [2], D. Hanstorp [1], B. Mehlig [1]
[1] Department of Physics, Gothenburg University, Gothenburg, Sweden
[2] Environnement et Géomécanique, Université de Nancy, Vandoeuvre-les-Nancy, France
We present experimental observations of elongated particles advected along a microfluidic channel.
Jeffery’s equations predict periodic orbits for axisymmetric particles. By contrast we observe aperiodic
tumbling. Two possible reasons for the aperiodic dynamics are discussed: random fluctuations and weak
deviations from axisymmetry.

P56 Two-state on-off intermittency caused by unstable dimension variability in periodically forced drift waves
P. P. Galuzio , S. R. Lopes , and R. L. Viana
Departamento de Fisica, Universidade Federal do Parana, Curitiba, Brazil
Certain high-dimensional dynamical systems present two or more attractors characterized by different energy branches. For some parameter values, the dynamics oscillates between these two branches in
a seemingly random fashion, a phenomenon called two-state on-off intermittency. In this work we show
that the dynamical mechanism underlying this intermittency involves the severe breakdown of hyperbolicity of the attractors through a mechanism known as unstable dimension variability. We characterize
the parametric evolution of this variability using statistical properties of the finite-time Lyapunov exponents. As a model system that exhibits this behavior we consider periodically forced and damped drift
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waves. In this spatiotemporal example there is a low-dimensional chaotic attractor that is created by an
interior crisis, already presenting unstable dimension variability.

Deterministic Loewner-equation description of Laplacian needle growth and re- P57
lated models
M. Pecelerowicz and P. Szymczak
Institute of Theoretical Physics, Faculty of Physics, University of Warsaw, Hoza 69, 00-618, Warsaw,
Poland
We consider a simple model of nonequilibrium growth in two spatial dimensions, with the growth taking
place only at the tips of long-and-thin fingers. It turns out that a broad class of problems of that kind
can be described in terms of a deterministic Loewner equation [1]. This model was initially applied to
Laplacian growth problems [1,2], where it allows to describe a strong, nonlinear interaction between the
fingers and their competition due to the long-range screening.
Here we apply this approach to the anisotropic growth processes, where parallel, straight fingers
emerge [3,4]. A remarkable example of such a process is the formation of wormhole-like channels in
a dissolving fractured rock. In this case, the channels interact through the pressure field in the rock
matrix. This drives the competition between them and leads to the suppression of growth of the shorter
channels and the emergence of hierarchical, self-affine structure, with many short channels, and only a
few long ones [5]. The thin-finger model allows to capture the dynamics of the system and predict the
evolution of the channels once they are formed.
[1] L. Carleson and N. Makarov, J. Anal. Math. 87, 103 2002.
[2] T. Gubiec, P. Szymczak, Phys. Rev. E, 77, 041602, 2008.
[3] B. Derrida and V. Hakim, Phys. Rev. A, 45, 8759, 1992.
[4] J. Krug et al., Europhys. Lett, 24, 527, 1993.
[5] P. Szymczak, A. J. C. Ladd, Geophys. Res. Lett., 33, L05401, 2006.

Modulated point vortex pairs on a rotating sphere
G. Drótos [1], T. Tél [1,2], and G. Kovács [1]
[1] Institute of Theoretical Physics, Eötvös Loránd University, Budapest, Hungary
[2] HAS Research Group at Eötvös Loránd University, Budapest, Hungary
The dynamics of modulated point vortex pairs is investigated on a rotating sphere, where modulation
is chosen to reflect the conservation of potential vorticity. In a special setting, for sufficiently close
vortices (dipoles), the trajectories of their centres of mass are shown to correspond to those of a point
particle moving freely on a sphere rotating with another angular velocity. For a special choice of the
parameters, the two angular velocities coincide, and the dipole dynamics and the geodesic dynamics
become completely equivalent. In general, a qualitative similarity to free particle motion is found. The
dynamics of a dipole initiated at midlatitudes is qualitatively different from that obtained in a beta-plane
approximation. This effect is the strongest for trajectories deviating weakly from the reference latitude.
The advection dynamics generated by vortex pairs on a rotating sphere is found to be chaotic. We point
out a transition from closed to open chaotic advection implying that the transport properties of the flow
might drastically be altered by changing the initial conditions.
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P59 Spike timing recovery in recurrent neural networks with unsupervised learning
B. E. P. Mizusaki , E. J. Agnes , L. G. Brunnet , and R. Erichsen Jr.
Instituto de Física, Universidade Federal do Rio Grande do Sul, Brasil
Synaptic plasticity is an essential feature for computations in neural networks, but this phenomenon
is not yet thoroughly understood, especially in fully recurrent architectures. Experimental results suggest that it develops causally with the surrounding dynamics, aiming to codify information and achieve
homeostasis. But it is not yet known how information processing takes place in large neuron arrangements. In order to explore possible learning processes on this scale, we studied the effects of unsupervised synaptic plasticity rules, in particular homeostatic (presynaptic-dependent) scaling, spike-timingdependent-plasticity and short-term-plasticity, and their roles in promoting the emergence of meaningful
associative behaviour. We implemented a sparsely connected recurrent network with integrate-and-fire
neurons and synapses modelled as Dirac delta-functions, in an analytical integration scheme which
allowed computationally lighter simulations. In comparisons with a more phenomenological model,
although there are slight differences in stability and temporal scales, the overall memory capacity is the
same for both. After a training period of trials of repetitive exposure to static stimuli, the mean activity
of the transient response of the network converges to a fixed value determined by homeostatic scaling.
The correlation between the precise spike timing of two of the developed spatio-temporal patterns varies
according to the number of different stimuli trained, and the network can only bear a limited number of
them while still managing to separate and recognize all. The efficiency of this timing recovery seems to
be drastically affected by synaptic delays and quiescence times.

P60 Instability patterns in thin nematic films: comparison between theory and experiment
O. V. Manyuhina
Nordita, Royal Institute of Technology, Stockholm, Sweden Stockholm University, Stockholm, Sweden
Recent experiments [1-2] demonstrated that thin nematic films, spread on liquid substrates, exhibit
periodically deformed state as stripes, squares, chevrons, up to the thickness of 20 nm. The formation
of these instability patterns can be attributed to the elastic anisotropy of liquid crystals (LC) and to the
competing boundary conditions. The period of stripe domains is controlled by the thickness of the film
in a non-trivial way, yielding their ratio about 100 (long-wavelength) for different LC systems. Although
such systems have been extensively studied in the last two decades [3,4], these new observations cannot
be explained completely by existing theories. To obtain a theoretical understanding of the experimental
findings, we consider the onset of stripe and square instabilities in nematic films of submicron thickness
[5]. We identify the lower and the upper thresholds and analyse the effects of saddle-splay elasticity as
well as azimuthal anchoring on the critical thickness and wavelength of stripes at the bifurcation point.
[1] U. Delabre, C. Richard, G. Guena, J. Meunier, and A.-M. Cazabat Langmuir 24, pp. 3998-4006
(2008)
[2] A.-M. Cazabat, U. Delabre, C. Richard, and Y. Yip Cheung Sang, Adv. Colloid Interface Sci.
168, pp. 29-39 (2011).
[3] O. D. Lavrentovich and V. M. Pergamenshchik, Phys. Rev. Lett. 73, pp. 979-982 (1994)
[4] A. Sparavigna, O. D. Lavrentovich and A. Strigazzi, Phys. Rev. E 249, pp. 1344-1352 (1994)
[5] O. V. Manyuhina, A.-M. Cazabat, and M. Ben Amar, Europhys. Lett. 92, 16005 (2010).
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Qualitative analysis of planar polynomial dynamical systems

P61

V. Gaiko
National Academy of Sciences of Belarus, United Institute of Informatics Problems, Minsk, Belarus
We carry out a global qualitative analysis of planar polynomial dynamical systems and suggest new
geometric and bifurcation methods for solving Hilberts sixteenth problem on the maximum number and
relative position of limit cycles of such systems which are widely used in applications. In particular,
we solve the limit cycle problem for arbitrary quadratic and some special classes of cubic and quartic
systems which are used in radioelectronics, biology, ecology, and medicine.
Besides, we study the general Liénard system with an arbitrary (but finite) number of singular points,
where the damping function is a polynomial of degree 2k and the restoring function is a polynomial of
degree 2l+1. Applying a canonical system with field rotation parameters and using geometric properties
of the spirals filling the interior and exterior domains of limit cycles, we prove that the general Liénard
polynomial system can have at most k + l limit cycles, k surrounding the origin and l surrounding one
by one the other its singularities.

Mean-field and Smoluchovsky-equation approach to cell sorting

P62

C. P. Beatrici and L. G. Brunnet
Universidade Federal do Rio Grande do Sul, Porto Alegre, Brazil
Cell segregation is a widespread phenomena in nature and has interested physicists during the last 50
years. It opens the possibility of studying a system composed of many interacting active identical elements both theoretically and experimentally. A first model used to explain cell segregation was based
on the differential adhesion hypothesis (DAH), quite similar to the phenomena involved in immiscible
liquid separation. Despite the positive results found within DAH, an experiment designed by Jones et
al. suggested the hypothesis that tissue separation would be induced by differences in cell motility.
In this work a self-propelled particle model is used to study cell sorting based on cell motility differences. It is an adaptation of the well known boids model introduced by Vicsek. It allows to distinguish
the influence of intrinsic cell motility from differential adhesion. Besides motility, the tendency of cells
to actively follow their neighbors is also included in the model. Using three variants of the model, we
map the conditions under which motility differences of cells belonging to different tissues may produce
segregation and show that cell sorting exists in a wide range of parameters in three different models.
In order to understand the underlying phenomena in the segregation problem we search for the basic physics associated with the diffusion of particles or clusters and the available surface for bonding.
The coagulation-fragmentation Smoluchowski equation is an adequate framework to be explored when
trying to reproduce the results obtained using the hypothesis (DAH and DVH). In this work we also
simulate the Smoluchowski equation in order to find a specific kernel to the cell sorting problem.

Non-linear prediction method in the short-range forecast of atmospheric pollu- P63
tants: low-dimensional chaos
Yu. Ya. Bunyakova [1] and O. Yu. Khetselius [2]
Odessa State University - OSENU, Odessa, Ukraine
It is known that a chaos as opposed to randomness may occur in very simple deterministic systems.
Although chaos theory places fundamental limitations for long-time prediction, it can be used for shorttime prediction. Studies concerning non-linear behavior in the time series of atmospheric constituent
concentrations are sparse, and their outcomes are ambiguous. Earlier, an analysis of the time series of
NO2, CO, and O3 concentrations was performed. The results did not show evidence of chaos. Temporal concentration series are however not always chaotic, and chaotic behaviour must be examined
209

Posters

for each time series. Here we (i) study the concentration of atmospheric constituents (NO2, SO2) in
the Gdansk region (Poland) to select only those measurements which are determined as chaotic, and
(ii) build a non-linear prediction model for selected temporal series. The statistical techniques used are
the autocorrelation function and the Fourier power spectrum, whereas the mutual information approach,
correlation integral analysis, false nearest-neighbour algorithm, Lyapunov-exponent (LEs) analysis, and
the surrogate-data method are used for comprehensive characterization (see details in [1]). The presence
of two (from six) positive LEs suggests the system broadens in the line of two axes and converges along
four axes that in six-dimensional space. Finally, the elements of the low-dimensional chaos are certainly
found in the temporal series of the (NO2, SO2) concentrations.
[1] Glushkov A.,Khokhlov V., Loboda N., Bunyakova Y., Atm.Env. (Elsevier) 42, 7284 (2008);
Glushkov A., Khetselius O., Bunyakova Y. etal, Dyn. Systems (Lodz, Poland), 2011.

P64 Standing and traveling waves induced by distributed time-delay feedback
M. Stich
Centro de Astrobiologia (CSIC/INTA), Ctra de Ajalvir km. 4, 28850 Torrejon de Ardoz, Spain
We consider the complex Ginzburg-Landau equation complemented by a combined global and local
time-delay feedback [1]. Feedback terms are implemented as a control scheme, i.e., they are proportional to the difference between the time-delayed state of the system and its current state. Besides the
time delay, relevant parameters include the feedback strength, the phase shift between the feedback and
the unperturbed dynamics, and the magnitudes of the the global and local feedback. Considering the
complex Ginzburg-Landau equation in the regime of spatiotemporal chaos, we perform a linear stability analysis of uniform oscillations with respect to space-dependent perturbations as a function of the
system parameters [2]. We find very good agreement between the theoretical analysis the numerical simulations. We discuss recent progress in describing standing waves, traveling waves, and amplitude death
in such kinds of systems [3]. Implications of the findings for the control of chaos in reaction-diffusion
systems are discussed.
[1] M. Stich, A.C. Casal, J.I. Diaz, Phys. Rev. E 76 (2007), 036209.
[2] M. Stich, C. Beta, Physica D 239 (2010), 1681.
[3] M. Stich, unpublished.

P65 A restricted Conley index for constrained robustness of heteroclinic cycles
A. Ismail and P. Ashwin
University of Exeter, Exeter, UK
The Conley index is a powerful tool for characterization of invariant sets, for global bifurcations and in
particular for proving the existence of connecting orbits in flows. We give an adaptation a setting where
robust heteroclinic connections can appear and use a restricted Conley index to prove some necessary
conditions for robustness. Although these results can be obtained using standard transversality arguments, we suggest that these techniques will extend to more general situations

P66 Non-equilibrium effects on granular Brownian motors
J. Blaschke [1,2] and J. Vollmer [1,2]
[1] Max Planck Institute for Dynamics and Self-Organization, Göttingen, Germany
[2] Georg-August-Universität, Göttingen, Germany
It has been shown that an appropriately-shaped object, immersed in a Maxwellian gas and restricted
to move only in one direction, released from rest will settle away from its point of release as it equilibrates with the gas [1].
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When making the collisions between gas particles and motor inelastic, the device surprisingly acquires a finite steady state velocity [2]. While this has been called a “Granular Brownian Motor”,
realistic granular gasses have finite particle-particle restitution coefficients leading to dissipation within
the gas. As a consequence energy needs to be injected into the gas to keep it from freezing. This results
in a system which is inherently not in equilibrium. Furthermore, energy generally cannot be injected
homogeneously and instead is frequently injected at the walls [3,5], manifesting in a non-isotropic velocity probability density function (PDF). This ultimately results in a particle velocity PDF that is both
non-Maxwellian [3] (it has non-Gaussian tails) and has a preferred direction. In this work, we study
the velocity PDF of a Granular Brownian Motor immersed in such a non-Maxwellian and non-isotropic
granular gas. In order to account for anisotropy, we have modelled a squeezed velocity PDF as:
φα (vx , vy ) =

2
m
αm − 2kT
(α2 vx
+vy2 )
α
e
2πkTα

where a squeezing parameter α = 1 represents the Maxwellian case. Our treatment of this model shows
that even slight deviations from the Maxwellian case, α − 1 ∼ 10−4 , can compete with the effects of a
finite restitution coefficient.
We have also addressed the issue of non-Gaussian tails by examining the literature model of Marconi
et al [4]
2
2
2
2 3/2
m
φβ (vx , vy ) = N e− 2πkT (vx +vy )+β(vx +vy )
2

2 3/2

where the effects of the eβ(vx +vy ) term are also comparable to the effects of a finite restitution coefficient, yet they are still dominated by the effects of anisotropy.
[1] S. Sporer, C. Goll, and K. Mecke, Physical Review E 78, (2008).
[2] B. Cleuren and C. van den Broeck, Epl-Europhys Lett 77, 50003 (2007).
[3] K. Nichol and K. Daniels, Physical Review Letters 108, (2012).
[4] U. Marconi, A. Puglisi, and L. Rondoni, Physics Reports (2008).
[5] K. Huang, K. Roeller, and S. Herminghaus, Eur Phys J-Spec Top 179, 25 (2009).

The Oseledets splitting for high-dimensional chaotic systems: a numerical study P67
across stochastic transitions
M. Sala [1,2] and R. Artuso [1,2]
[1] Center for Nonlinear and Complex Systems and Dipartimento di Scienza ed Alta Tecnologia, Universit degli Studi dell’Insubria, Via Valleggio 11, 22100, Como, Italy
[2] Istituto Nazionale di Fisica Nucleare, Sezione di Milano, Via Celoria 16, 20133 Milano, Italy
We investigate the dynamical and statistical properties of finite time Lyapunov exponents (FTLE) and
principal angles of the Oseledets tangent splitting for the Fermi-Pasta-Ulam (FPU) and the Hamiltonian
Mean Field (HMF) problem. In both cases we consider energies above and below the threshold of a
transition (corresponding to an open range of energies for FPU and an exactly calculable energy value
for HMF), for different sizes of configuration space. Making use of the algorithm by Ginelli et al. to
calculate exponents and splitting angles, we compare them with the phase space (discrete) probability
distributions, discussing how such numerical analyses (w.r.t. time and the dynamical regime) can be
possibly related and extended.
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P68 Studying chaotic features for atomic systems in crossed magnetic and electric
fields
A. S. Kvasikova [1] and T. A. Florko [1]
Odessa State University - OSENU, Odessa, Ukraine
Availability of multiple resonances with small widths in atomic spectra in external fields is provided
by interference phenomena and quantum fluctuations in the chaos theory. Here a new method for studying chaotic features for atoms in the crossed external electric (laser) and magnetic fields is presented.
We use the generalized operator perturbation theory approach [1] to calculation of the energies for Li
atom in the crossed fields. The transition from the Li 3s state to final states corresponding to n = 125
and m = 0 is considered. As usually, we split the whole space into 2 characteristic spatial regions: (i)
the core region, where an electric field and ionic core potential dominate while the magnetic field can
be eliminated; (ii) the external region, where an influence of the laser field and the core potential are
minimal whereas the external magnetic fields and the Coulomb field dominate. This region typically lies
beyond 30 Bohr radii from the nucleus, so one can treat this region using approximations to quantum
approach [2]. The photoabsorption spectrum of Li in a magnetic field plus an oscillating electric field,
with B = 4.7 T, F = 10 V/cm and ω = 10(8) Hz is calculated and compared with alternative data [2].
The chaotic features, quantum fluctuations for studied system are analyzed.
[1] Glushkov A., Ivanov L. J.Phys.B. 26, L379 (1993); Preprint ISAN, N AS-2, Troitsk (1991).
[2] Cheng T. et al, Phys.Lett.A. 265, 384 (2000); Wang D. et al, J.Phys.B. 36, 4225 (2003).

P69 The cusp-pitchfork bifurcation as a mechanism for bursting in a two-mode laser
N. Blackbeard [1], S. Osborne [1], S. OBrien [1], and A. Amann [1,2]
[1] Tyndall National Institute, University College Cork, Cork, Ireland
[2] School of Mathematical Sciences, University College Cork, Cork, Ireland
Bursting is a striking feature in a wide range of physical and biological systems. Well-known examples
include the Hodgkin-Huxley model (neurodynamics) and turbulence in boundary layers (hydrodynamics). Understanding the basic mechanisms responsible for bursting is therefore of fundamental importance across many disciplines. Furthermore, if the underlying system has symmetries then one can find
unusual mechanisms that lead to bursting.
Here we consider an experimentally accessible and technologically relevant example of a system
with Z2 -symmetry that exhibits bursting, namely a semiconductor laser. More specifically, we provide experimental evidence of an unusual bursting mechanism in a two-mode semiconductor laser with
single-mode optical injection. By changing the strength and frequency of the injected light we find a
striking transition from purely single-mode intensity oscillations to sudden bursting in the intensity of
the uninjected mode. We show that this route to bursting is organised by a nearby cusp-pitchfork bifurcation and argue that it is generic in systems with Z2 symmetry.

P70 Financial networks
M. Bazzi [1,2], M. A. Porter [1,2], S. D. Howison [1,3], and S. Williams [4]
[1] Oxford Centre for Industrial and Applied Mathematics, Mathematical Institute, University of Oxford, Oxford OX1 3LB, UK
[2] CABDyN Complexity Centre, University of Oxford, Oxford OX1 1HP, UK
[3] Oxford-Man Institute of Quantitative Finance, University of Oxford, Oxford, OX2 6ED, UK
[4] FX Quantitative Research, HSBC Bank, London E14 5HQ, UK
The turmoil witnessed in financial markets in recent years has illustrated important links between seemingly disparate markets and a high level of connectivity of the global financial system. These interdependencies between financial institutions or assets are often poorly understood and can have large
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and unforeseen consequences, proving to be very important in providing insight into macro-economic
risk and large corporate risk. Networks can be used to represent complex systems of interacting entities. We are interested in investigating the structure and dynamics of financial networks, and will use
new methods of network science developed specifically for community detection in time-dependent networks to cluster financial assets from different markets across time (data is provided by HSBC). We will
be dealing with a fully connected, weighted and signed network in which the nodes are assets and the
edges are their statistical correlation over a given time window. By rolling the time window, we obtain
a time-dependent financial network. We compare different null models in the aim of accounting for
certain structural features of the network. We also explore the parameter space of the time-dependent
framework, and attempt to extract a robust partition of the nodes into representative communities by
aggregating results across different partitions using consensus clustering.

Effects of triad formations stimulated by randomly chosen intermediaries on net- P71
work topology
N. Ikeda
Tohoku Seikatsu Bunka Junior College, Sendai, Japan
Highly clustered structure is one of the typical structures found in real networks. The triad formation
of vertices is considered a significant mechanism in network modeling because it is argued to provide
a simple explanation for highly clustered structures. However, most previous studies assume multiple
processes including the addition of new vertices which directly influence the evolution of the degree
distribution, since triad formation without attachment of new vertices leads to the saturation of the number of edges. This study investigates the net effects of triad formation stimulated by randomly chosen
intermediaries on the temporal topology of networks with a fixed number of vertices, such as random
graphs, lattice type graphs, graphs with exponential form degree distribution, and scale-free networks.
Numerical results show that triad formation changes the values of exponents characterizing the form
of the degree distribution. We show that the time evolution of vertex degrees can be described in terms
of local network structures, such as the conditional harmonic mean of vertex degrees and local clustering strength. This enables us to discuss the so-called rich-get-richer phenomenon in the development of
degrees using knowledge on local network structures. As for the local clustering of vertices, we show
that triad formation provides a simple explanation of the behavior of C(k), the local clustering of vertices with degree k, such that an essential term 1/k is modulated by additional terms depending on the
concrete network topology being considered.
This study focuses on local events in which randomly selected vertices affect only neighboring vertices. The results should provide valuable information on the influences of local events on the global
structure of networks via their local structure.

Applications of network analysis to the study of epidemics
M. Sarzynska [1], M. Porter [1], and E. Leicht [1]
[1] University of Oxford, Oxford, UK
Infectious diseases are the second largest cause of death worldwide, accounting for 23% of all deaths.
Mathematical studies are commonly used by both researchers and public health officials to better understand disease spread and predict and counteract epidemics. The traditional ways to model infectious
diseases use differential equations, e.g. SIR and force of infection models. More recently, scientists have
attempted network-based approaches, such as describing disease as a dynamical process on a network
of contacts. In this project, I investigate the applicability of a novel network science methodology of
using community detection on time-dependent correlation networks to model the geographical spread of
disease. Using proprietary data on country-wide dengue fever, rubella, and H1N1 influenza occurrences
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for several years, I create networks with the provinces as nodes and correlation between the number
of disease cases in each pair of provinces giving weights to the links between nodes. To study these
temporally evolving networks, I use the framework of "multislice networks", which allows modelling
the temporal aspect of the data with less data aggregation than with collections of ordinary (static)
networks. I perform community detection, looking for groups of provinces in which disease patterns
change in similar ways, and I analyse the properties of the communities over time. I also study the
relations between epidemic spread and changes in different network and node statistics, to seek potential preepidemic signals. Preliminary results suggest that there may be a drop in modularity around the
epidemic start time, as well as changes in node statistics such as participation coefficient and geodesic
betweenness.

P73 Synchronization investigation in 2D coupled-map lattices by means of local criterion of stochasticity
A. Kozlov and A. Loskutov
Faculty of Physics, M.V. Lomonosov Moscow State University, Moscow, Russia
In the field of synchronization processes and coupled map lattices (CML), the pattern dynamics on
1D-chains or 2D-lattices of diffusively coupled logistic maps with free or periodic boundary conditions turns out to be quite complicated and understandable mostly in the weak coupling regime [1, 2].
Complex networks become natural candidates for further synchronization research [3, 4]. Their cooperative behavior can be understood with emergent methods, such as the local criterion of stochasticity
[5]. In contrast to other methods from time-series analysis, the criterion allows investigating not only
the local behavior of individual elements, but the global dynamics of the entire phase space. Based
on the decomposition of the time interval for each element into short subintervals and the calculation
of non-periodicity measure and approximate period from the minimum mean-square deviation of these
subintervals from different constructed periodic series of first several values, this technique allows to
trace the dynamics of the system and to determine the synchronization domains. As our recent results
show, the effectiveness of the local criterion of stochasticity for 2D-lattice of diffusively coupled logistic maps and other examples of regular networks, this method is believed to provide a powerful tool for
studying the relation between the network architecture and various types of synchronizability.
[1] K.Kaneko, Physica D 37 (1989), p.60-82
[2] L.-S. Young, Nonlinearity 21 (2008), p.245-252
[3] A.Reka, A.Barabasi, Reviews of Modern Physics, vol. 74 (2002), p.47-97
[4] A.Pikovsky, M.Rosenblum, J.Kurths, "Synchronization: A Universal Concept in Nonlinear Science", Cambridge University Press (2003), 411p.
[5] A.Loskutov, A.Prokhorov, S.Rybalko, Theoretical and Mathematical Physics, 132(1)(2002),
p.980-996

P74 Chaotic ionization of Rydberg atoms in an electromagnetic field
A. V. Ignatenko [1]
Odessa State University - OSENU, Odessa, Ukraine
At present time a chaotic ionization phenomenon for atomic systems in a low-frequency electromagnetic
field attracts a great interest. For example, in order to describe a stochastic dynamics of the hydrogen
atom in a microwave field a few models were developed [1]. The classic models use the diffusion-like
equation. More sophisticated numerical calculations are presented in references [1]. A dynamical chaos
effect for the H atom (from the state with ground quantum number n = 60) in the field (with frequency
ω = 9.9 GHz) has been described by the non-linear classic mechanics methods [1c]. Similar problem
for multi-electron highly excited atoms is far from their adequate solution. In this aspect an especial
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interest attracts studying the highly excited dynamic Stark resonant states for alkali elements atoms in
a field. This problem is also stimulated by experimental discoveries of the near threshold resonances
in the photoionization cross sections for the H and alkali atoms in an electric field. Here we study a
phenomenon of chaotic ionization of non-H Rydberg atoms on example of alkali atoms. All results are
obtained by using quasi-stationary, quasi-energy states method and operator perturbation theory [2].
[1] M.Noel, M.Griffith, T.Gallagher, Phys. Rev. A62, 063401 (2000); A. Krug, A. Buchleitner,
Phys. Rev.Lett. 86, 3538 (2001); F.Benvenuto, G.Casati, D.Shepelyansky, Z.Phys.B94, 481 (1996).
[2] A.V. Glushkov, L.N.Ivanov, J.Phys.B:At.Mol.Opt.Phys. 26, L379 (1993); A. Glushkov, S.Ambrosov,
A.Ignatenko, D.Korchevsky Int.J.Quant.Chem. 99, 936 (2004).

Manifold learning for data assimilation and control of chaotic dynamical systems P75
H. Suetani [1, 2, 3], S. Akaho [4], S. Luther [5, 6], and U. Parlitz [5, 6]
[1] Department of Physics, Kagoshima University, Japan
[2] Decoding and Controlling Brain Information, PRESTO, JST, Japan
[3] Flucto-Order Functions Research Team, RIKEN-HYU Collaboration Research Center, Japan
[4] The National Institute of Advanced Industrial Science and Technology, Japan
[5] Biomedical Physics Group, Max Planck Institute for Dynamics and Self-Organization, Germany
[6] Institute for Nonlinear Dynamics, Georg-August-Universität Göttingen, Germany
We propose an approach based on methods of manifold learning in order to achieve a compact representation of the dynamics in a lower-dimensional subspace underlying high dimensional chaotic timeseries. This approach is combined with a particle filter resulting in an efficient data assimilation scheme.
The main steps of this modeling technique are illustrated by means of chaotic time-series describing a
dripping faucet, hyper meandering in an excitable medium, and the Kuramoto-Sivashinsky equation.
Possible applications to chaos control for high-dimensional systems are also discussed.

The density profile of a polymer confined to a channel

P76

E. Werner , J. O. Tegenfeldt , and B. Mehlig
Department of Physics, University of Gothenburg, Sweden
The density profile of a polymer in the presence of walls can be analysed by solving a corresponding diffusion equation with absorbing boundary conditions. By means of Monte Carlo simulations, we
test this theory for the case of a polymer confined to a channel, and show that the resulting density
profile has implications for the extension of the polymer along the channel.

Life-time distributions, scaling, and super-long transients in wet granular matter P77
J. Trösemeier [1,2], F. Glassmeier [1], and J. Vollmer [1,2]
[1] Max-Planck-Institut für Dynamik und Selbstorganisation (MPIDS) 37077 Göttingen, Germany
[2] Fakultät für Physik, Georg-August-Universität Göttingen, 37077 Göttingen, Germany
We extend the Sinai billiard, which describes two elastic disks in periodic boundary conditions, to a
model of two, three and more granular disks with minimal capillary interactions. Dissipative collisions
lead eventually to a clustered state with a frozen arrangement of the disks, which acts as a global absorbing state in phase space. We will discuss how the dwell-time distribution to reach this state depends
on particle number, density and the interaction parameters.
Subsequently, we study the system in a sheared state induced by applying Lees-Edwards boundary
conditions. The frozen arrangement remains an attractor of the system. Surprisingly, however, the lifetime distribution till a given initial condition reaches the frozen state shows an algebraic distribution,
with a possibility that a finite number of initial conditions remain unbounded forever.
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P78 Bouchaud-Mezard model on random networks
T. Ichinomiya
Gifu University School of Medicine, Gifu, Japan
We studied the Bouchaud-Mezard (BM) model, which is one of the simplest model to explain Paretos law in a real economy, on a random network. Using “adiabatic and independent” assumptions, we
analytically obtained the stationary probability distribution function of wealth. The results show that
wealth-condensation, indicated by the divergence of the variance of wealth, occurs at a larger values
of J than that obtained by the mean-field theory, where J represents the strength of exchange between
agents. We compared our results with numerical simulation results and found good agreement.

P79 Enhancement and suppression of pulse propagation in a discrete FitzHugh-Nagumo
model subjected to a high-frequency stimulation
I. Ratas and K. Pyragas
Center for Physical Sciences and Technology, A. Gostauto 11, LT-01108 Vilnius, Lithuania
We investigate pulse propagation through a one-dimensional myelinated axon under the action of a
homogeneous high-frequency stimulation (HFS) current. The myelinated axon is modeled by a onedimensional chain of diffusively coupled excitable elements described by the FitzHugh-Nagumo (FN)
equations. Using a two-scale expansion method, we separate the fast and slow motions of the system and
reduce the original problem to the solution of autonomous equations for the slow motion. By adopting
asymptotic methods developed for the free FN system, we obtain various characteristics of the travelling pulse in the dependence of the HFS amplitude. We show that the critical coupling strength, below
which the pulse fails to propagate, has a non-monotonous dependence on the amplitude of HFS. This
opens the possibility for HFS of a moderate amplitude to enhance the pulse propagation in the domain
of small coupling strengths, where the axon without stimulation demonstrates propagation failure. HFS
of sufficiently large amplitude always suppresses pulse propagation. The theoretical results are confirmed by numerical experiments with the original equations. Additionally, it is shown that the effect
of enhancement of pulse propagation is more sensitive to noise than the effect of suppression of pulse
propagation.

P80 New regimes of nonlinear dynamics at a time scale less than a round-trip time in
a picosecond laser controlled with a combination of positive and negative optoelectronic feedbacks
M. V. Gorbunkov , Yu. Ya. Maslova , Yu. V. Shabalin , and A. V. Vinogradov
P.N. Lebedev Physics Institute, Leninskii prospect 53, 119991, Moscow, Russia
Laser systems controlled by a combination of two feedbacks proved to have a wider stability region
and shorter build-up time than systems with a single negative feedback [1]. Control by a combination of
two feedbacks allows to generate microgroupes of picosecond pulses with continuously varied periods
from 25 to 75 laser-cavity round-trip times Tr = 10 ns and discretely varied period up to 100Tr for
the purpose of a pulsed Laser-Electron X-Ray Generator [2]. The principle of memory erasing allows
a simple laser system controlled by an optimally adjusted combination of inertial negative and positive feedbacks to exhibit nonlinear dynamics on the time-scale of the laser-cavity round-trip time [3].
Now we show that a combination of positive and negative inertial feedbacks allows to overcome the
fundamental limitation of laser dynamics. We demonstrate, for the first time to our knowledge, regular
nonlinear dynamics at times less than a laser-cavity round-trip time. The required conditions are: a) the
inertial negative feedback delay (1 − 1/n)Tr optimal for a self mode-locking regime with generation
of n  1 pulses per Tr ; b) the memory-erasing positive feedback with relative delay less than Tr and
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adjusted relative sensitivity. This work was supported by the Program PSD RAS Fundamental photonics
problems and new materials physics.
[1] M.V. Gorbunkov, Yu.V. Shabalin. Proc. SPIE, Vol. 4751, p. 463-470, 2002.
[2] M.V. Gorbunkov, Yu.Ya. Maslova, A.V. Vinogradov. Nuclear Instruments and Methods A 608,
pp. S32-S35, 2009.
[3] K.A. Bubnov, M.V. Gorbunkov et al Proc. of SPIE Vol. 7993, pp. 79930S-1-79930S-10, 2011.

Wavelet-decomposition approach to the dynamics and time variations of the North- P81
Atlantic oscillation and edge kinetic energy in the atmosphere
V. Mansarliysky [1]
[1] Odessa State University - OSENU, Odessa, 65009, Ukraine
We applied the wavelet decomposition approach to studying the dynamics and temporal variations of
the North-Atlantic oscillation (NAO) and edge kinetic energy (KE) in the atmosphere (middle and tropical latitudes). The physical nature of these formations is explained in many references (see [1-4]).
Here, we use a non-decimated decomposition method that has a temporal resolution at coarser scales
and allows to isolate time series of the major components of the sets a direct way. The most valuable
results of our analysis are as follows. We have found that the most essential relationship between the
NAO index, eddy kinetic energy content is found for low frequency variatopns with the periods of 4-8
and 8-16 years. At that if the NAO phase tends to abrupt changes then an impact of these changes on
the KE content is more soghnificant than for the durational dominance of the certain phase. The largest
coefficients of correlation for the NAO index and the Eastern European precipitation are stated for the
periodicities of 2-4, 4-8 years. As an example, let us give a brief analysis of the detail component D4
for the month rainfall in the Eastern Europe and NAO index. The largest correlation coefficient (0,59) is
observed for the component D4 of the NAO index and month sum of rainfall in the the Eastern Europe.
This component is important as its oscillation period is 4-8 years. The NAO index and precipitation
quantity change almost synchronically.
[1] Barnston A., Livezey R., Mon.Weather Rev. 115, 1083 (1987); Stein O., Tellus. 52A, 225
(2000).
[2] Hurrell J.W., van Loon H., Clim.Change. 36, 301 (1997); Loboda N., Glushkov A., Khokhlov
V., Lovett L., J.of Hydr. 322, 14 (2006).

Synchronisation properties of chaotic units coupled with two different time delays P82
O. D’Huys [1], T. Juengling [1], S. Heiligenthal [1], S. Yanchuk [2], and W. Kinzel [1]
[1] Institute of Theoretical Physics, University of Wurzburg, Am Hubland, 97074 Wurzburg, Germany
[2] Institute of Mathematics, Humboldt University of Berlin, Unter den Linden 6, 10099 Berlin, Germany
Recently, the dynamical properties of networks with delayed interactions have received much interest. Delayed interactions play an important role in systems as diverse as coupled semiconductor lasers,
population dynamics, traffic, communication networks, genetic circuits, and the brain.
Here, we study the influence of different coupling delays within a network configuration. We focus
on two nodes coupled bidirectionally by two connections with different delays. We show that, depending
on the ratio of the different delay times, it is possible to tune the synchronisation properties of the system,
from identical synchronisation to anti-phase and generalised synchronisation.
We explain our results by replacing the chaotic units by linear stochastic maps. Such an approach
allows us to calculate the correlation functions and spectral densities analytically. We show how the
correlation properties can be explained by an interplay of the delay times and internal timescales. Moreover, since the maps are linear elements driven by independent noise sources, we thus recover properties
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that are solely induced by the coupling scheme and the coupling delays.

P83 Numerical modelling of the filtration process in relaxation elastic porous environment by Monte Carlo methods
K. Shakenov
Al-Farabi Kazakh National University, Almaty, Kazakhstan
We consider the non-stationary filtrational flow of a uniform droplet-compressible monophase fluid in
an isotropic weakly-deformable porous environment. There are various models to describe this process.
The most popular is a model in the classical elastic regime. But this model describes only non-stationary
"equilibrium" filtration. If one takes into account the fact that the rate of flow between blocks is directly
proportional to the pressure difference in blocks, then this theory allows one to determine a mechanism
of non-equilibrium filtration and yields a linear relaxational PDE for the field of pressure in blocks (the
PDE contains a time of relaxation). In this work we consider a process of non-equilibrium filtration,
the so called relaxational filtration, that takes into account both the non-equilibrium character of the
filtration law and the relaxational behaviour of porosity after an abrupt change in pressure. Common
relaxational mechanisms can be explained by the breaking of equilibrium correspondence between filtration velocity and pressure gradient. An important feature of relaxational filtration is the existence
of movable surfaces in the flow. The main hydrodynamic observables and their derivatives exhibit a
discontinuity effect (pressure, filtration velocity). This takes place with instantaneous pressure disturbances or filtrational velocity disturbances. The relaxational filtrational mathematical model depends
on two time functions: the relaxational kernel of the filtration law and the fluid mass kernel. Choosing
these kernels one can obtain different mathematical models of relaxational filtration. In this work we
consider a mathematical model of filtration (Darcy’s law) in a relaxational compressible porous environment with certain relaxational kernels, that is we have a closed system of PDEs with respect to pressure
and filtration velocity, with initial and boundary conditions. It is a well-posed problem and it is solved
numerically with Monte Carlo methods and probability difference methods ("random walk on spheres"
and "random walk on lattices") .

P84 A model for alignment between microscopic rods and vorticity
M. Wilkinson [1] and H. R. Kennard [1]
[1] The Open University, Milton Keynes, UK
Numerical simulations show that microscopic rod-like bodies suspended in a turbulent flow tend to
align with the vorticity vector, rather than with the dominant eignevector of the strain-rate tensor. This
paper investigates an analytically solvable limit of a model for alignment in a random velocity field with
isotropic statistics. The vorticity varies very slowly and the isotropic random flow is equivalent to a pure
strain with statistics which are axisymmetric about the direction of the vorticity. We analyse the alignment in a weakly fluctuating uniaxial strain field, as a function of the product of the strain relaxation
time τs and the angular velocity ω about the vorticity axis. We find that when ωτs  1, the rods are
predominantly either perpendicular or parallel to the vorticity. http://arxiv.org/abs/1205.6968
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Rayleigh-Benard convection in a finite layer with internal heat generation: com- P85
petition between rolls, l and g hexagons
V. V. Kolmychkov and O. S. Mazhorova
Keldysh Institute of Applied Mathematics, RAS, Moscow, Russia
We present a numerical study of planform selection in a finite internally heated fluid layer with homogeneous heating. Computer simulation has been performed in scope of 3D time-dependent Boussinesq
approximation. The Rayleigh number changes in the range from subcritical values up to 10Racr and
0.1 ≤ P r ≤ 100. The main result of the investigation is identification of stable hexagons with different
directions of flow circulation at Prandtl numbers above the certain critical value, P rcr ≈ 0.25, and
below it. Stable hexagonal flow pattern with fluid descending in the cell centers (g-hexagons) has been
observed at P r ≥ 0.4 in subcritical and supercritical domains. The subcritical region for the chosen
value of the heat source is rather narrow (Racr − Ra ∼ 5 ÷ 10) and weakly depends on P r while
P r > 1. In overcritical domain the stability exchange threshold between hexagons and rolls noticeably
increases with Prandtl number: from 1.2Racr at P r = 1 to 6.7Racr at P r = 100. Stable hexagons with
ascending flow in the cell centers (l-type) were registered in calculations for P r = 0.1 both above and
below Racr . At P r = 0.25 and Ra > Racr convection sets in the form of rolls. It seems that no steady
motion is admissible at Ra < Racr . The results of numerical simulation are compared with available
theoretical and experimental data.

A model for the biogenic crust dynamics on sand dunes

P86

A. S. Kinast [1], B. E. Meron [1,2], C. H. Yizhaq [1], and D. Y. Ashkenazy [1]
[1] Department of Solar Energy and Environmental Physics, Blaustein Institutes for Desert Research,
Ben-Gurion University of the Negev, Sede Boqer Campus, 84990, Israel
[2] Department of Physics, Ben-Gurion University, Beer Sheva, 84105, Israel
Sand dunes around the world are often covered with vegetation and/or biogenic crust. Despite its signicant role in dune stabilization, biogenic crust was hardly taken into account when dealing with dune
dynamics. Here we propose a simple model for the combined dynamics of vegetation and biogenic crust
on sand dunes. In accordance with observations, we show that biogenic crust has a dominant role in
dune stabilization in arid and semi-arid regions, while in humid areas it is the vegetation that has the
main role in sand dune stabilization. The model’s predictions includes bistability of vegetated dunes
and crusted dunes under the same climatic conditions and periodic oscillations of sand dune cover.

The semiclassical many-body density of states: progress in the treatment of the P87
smooth part
Q. Hummel [1], J. D. Urbina [1], and K. Richter [1]
[1] Universität Regensburg, Germany
For single particle billiard systems, the smooth part of the density of states (DOS) in a semiclassical
approximation is known as the Weyl expansion. We study a corresponding expansion for the smooth
part of the many body DOS in systems of identical particles. We show that exchange symmetry has
to be considered carefully and as an extension we present progress in including additional effects like
physical boundaries. The possibility of including interactions among particles is discussed.
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P88 Stochastic behaviour, photon-correlation effects, quantum chaos and entanglement in atoms and nuclei in a strong laser field
A. V. Glushkov [1,2]
[1] Odessa State University - OSENU, Odessa-9, 65009, Ukraine
[2] ISAN, Russian Academy of Sciences, Troitsk, 142090, Russia
We will use the consistent relativistic energy approach [1], based on the S-matrix Gell-Mann and Low
formalism, for the studying interaction of atomic and nuclear systems with a strong realistic laser field.
The radiative emission and absorption lines are studied and described by their moments of different
orders m(n). The moments are strongly dependent upon the laser pulse quality: intensity and mode
constitution. In particular, the k-photon absorption line centre shift in the definite transition can not be
obtained from the corresponding expression for the 1-photon absorption by the replacement of w-w/k
and introduction of the multiplier 1/k (w - the central laser emission frequency). The cases of a single-,
multi-mode, coherent, stochastic laser pulse shape are in details studied. The significant role of the
stochasticity and photon-correlation effects is analyzed. Some calculation results of the DC, AC Stark
resonances energies and widths, the multi-photon resonance and ionization profile in H, Mg, Cs atoms
are presented. For example, studying highly lying states and above threshold ionization from the Mg
ground state to states with J=2 with taking into account ionization to the 3skd and 3pkp opened channels showed availability of non-regular clusters of strongly interacting resonances (satisfying to Wigner
distribution) and revealed a quantum chaos effect (quantum entanglement). The same program is realizing for nuclei in a super strong laser field, providing opening the field of nuclear quantum optics with
elements of stochasticity and chaos.
[1]. A.V.Glushkov, L.N. Ivanov, Phys.Lett.A.170,36 (1992); Preprint ISAN NAS-3, Troitsk, Moscow
reg. (1992); Glushkov A.V. et al, Frontiers in Quantum Systems in Chemistry and Physics, Series:
Progress in Theoretical Chemistry and Physics, Eds. Wilson S., Grout P.J., Maruani J.,Delgado-Barrio
G., Piecuch P..-Berlin: Springer.- 2008.-Vol.18.-P.505-558

P89 Femtosecond thermodynamics of electrons in large molecules
K. Hansen
Department of Physics, University of Gothenburg, SE-41296 Gothenburg, Sweden
Fullerenes and similar molecules can be ionized non-resonantly with deep subthreshold femtosecond
laser pulse multiphoton absorption. The electron energy spectra for a number of molecules ionized thus
have been measured with a velocity imaging spectrometer. The spectra can be represented by a Boltzmann function with temperatures on the order of 104 K. Several tests have been performed to ascertain
that the electrons are indeed thermal. The ionization process is now understood as thermionic emission
from a transient hot electron gas, embedded into a cold phonon bath. The lower molecular size limit
of this ionization mechanism size has been probed by ionizing a series of polyaromatic hydrocarbons
(PAH) and the smallest molecule to be ionized with hot electron emission was found to be anthracene
with 58 valence electrons.
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Time series analysis of environmental and biological parameters in the costal Ara- P90
bian Sea
A. Singh, K. Hårding, and A. Godhe
Department of Biological and Environmental Sciences, University of Gothenburg, Box 461, SE 405 30
Gothenburg, Sweden
We have analysed environmental (e.g., nutrients, sea surface temperature, salinity) and biological (e.g.,
abundance of different genus of diatoms and dinoflagellates) data collected for monitoring the surface
waters along the coast of southeastern Arabian Sea. The analyses were based on nearly 600 samples
collected during the period 1990-2010. Our aim is to identify harmful algal blooms and predict their
role in the climate change scenario. A preliminary analysis of the data will be presented.
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