Tuesday

DY 10: Nonlinear Dynamics, Synchronisation and Chaos

Time: Tuesday 9:30-13:00

DY 10.1 Tue 9:30 MA 001
On nonlinear waves spreading in two-dimensional random lat-
tices — oTETYANA V. LAPTYEVA, JosHuA D. BoDYFELT, and SERGEJ
FracH — Max-Planck-Institut fiir Physik komplexer Systeme, No6th-
nitzer Strafe 38, 01187 Dresden, Germany

We analyze the mechanisms and regimes of nonlinear waves spreading
in random lattices, which are known to localize linear waves. More
precisely, we extend our recent studies on the strong and weak chaos
regimes of wave-packet subdiffusive spreading [1] to the case of two-
dimensional lattices with tunable nonlinearity. The focus is put on the
paradigmatic problem of compact excitation expansion in disordered
(Klein-Gordon) lattice with a o-parameterized nonlinearity |u|?u. Nu-
merically obtained time-dependencies for the subdiffusion exponents
support theoretical predictions of [2]. Moreover, going below critical
nonlinearity power o. = 1 we observe the long-lasting strong chaos in
subdiffusive wave-packet spreading. The possible ways of estimation,
or, qualitative characterization of this process remain open for further
exploration.

[1] T.V. Laptyeva, et al., Europhys. Lett. 91, 30001 (2010); J.D.
Bodyfelt, et al., Phys. Rev. E 84, 016205 (2011); J.D. Bodyfelt, et al.,
Int. J. Bif. Chaos 21, 2107 (2011). [2] S. Flach, Chem. Phys. 375,
548 (2010).

DY 10.2 Tue 9:45 MA 001
Effects of rotation on the nonlinear friction of a damped
dimer sliding on a periodic substrate — eITaL0o NEIDE — Faculty
of Physics - University Duisburg-Essen, Duisburg, Germany

The aim of this work is to study the effects of rotation of the non
linear friction of a damped dimer sliding on a 1D periodic substrate.
Numerical simulations are performed with: a damping in the transla-
tional and rotational coordinate, throwing the dimer with a finite ini-
tial translational velocity (transient state); with the dimer subjected
to an external force applied in the center of mass coordinate and with
finite temperatures (steady state). The equations of motion in terms of
center of mass and rotational coordinate show a roto-translational cou-
pling, whose is activated for distinct regimes while the dimer is sliding,
resulting in an energy transfer between the coordinates. The motiva-
tion of this work is to understand the rotational effects that emerges
from the dynamics of the smallest object that can rotate, in order to
achieve simple contributions to the understanding of the friction origin
in nanometric scale.

DY 10.3 Tue 10:00 MA 001
Intraband dynamics in a one dimensional (1D) nonlin-
ear Wannier-Stark ladder — ePETRUTA ANGHEL-VASILESCU and
SERGEJ FracH — Max-Planck Institute for the Physics of Complex
Systems, Nothnitzer Str. 38, 01187 Dresden, Germany

I will present new results on the dynamics of a wave packet in a 1D
nonlinear Wannier-Stark ladder in the absence of interband Landau-
Zener tunneling and discuss the observed different regimes of spreading
of an initial single-site excitation. In the linear Wannier- Stark prob-
lem, the eigenvalue spectrum is equidistant and all normal modes are
spatially localized. Nonlinearity induces frequency shifts and mode-to-
mode interactions which can destroy the localization. For large values
of the nonlinear coefficient we observe single-site trapping as a tran-
sient regime, followed by an explosive spreading and subdiffusion. For
moderate nonlinearity strength the subdiffusion is found to be the only
spreading regime. Finally for small nonlinearities we find linear Stark
localization due to the presence of nonlinear Bloch oscillations. The
sub-diffusive spreading was found to be very dependent on the strength
of the applied electric field.

DY 10.4 Tue 10:15 MA 001
Frequency Analysis of Diffusion Processes in Coupled Stan-
dard Maps Using Graphics Cards — eMoRITZ SCHONWETTER!"2,
SEBASTIAN SCHROTER?, PETER ScCHLAGHECK®, and JAVIER
MaproRERO? — 'MPIPKS Dresden — 2TU Miinchen — 3Université
de Liége, Belgium
An accurate description of phenomena arising in higher dimensional
classical systems — e.g. dynamical tunneling [1] or stickiness [2] — re-
quires the knowledge of the long term behaviour of a huge number of

trajectories. This involves numerically challenging calculations which

Location: MA 001

nowadays can be solved on reasonable time-scales with the use of mod-
ern Graphic Processing Units (GPUs).

In the present contribution we consider the complex dynamics of
two coupled standard maps. Using the methods of (time-) frequency
analysis [3] and classical perturbation theory we investigate the asso-
ciated Arnold web of resonances in appropriate coordinates. Special
attention is dedicated to possible diffusion channels which are observed
in the long-time evolution of this web.

[1] O. Brodier, P. Schlagheck, D. Ullmo; Ann. Phys. 300 (2002),
88.

[2] E. Altmann, H. Kantz; Europhys. Lett. 78 (2007), 10008.

[3] J. Laskar; Physika D 67 (1993), 257.

DY 10.5 Tue 10:30 MA 001
Parameter-space for a dissipative Fermi-Ulam model —
eDieco FREGOLENTE MENDES DE OLIVEIRA — Institute for Mul-
tiscale Simulations - Friedrich-Alexander Universitat - D-91052 - Er-
langen - Germany

The parameter-space for a dissipative bouncing ball model under the
effect of inelastic collisions is studied. The system is described by
using a two-dimensional nonlinear area-contracting map. The intro-
duction of dissipation destroys the mixed structure of phase space of
the non-dissipative case leading to the existence of a chaotic attrac-
tor and attracting fixed points which may coexist for certain ranges
of control parameters. We have computed the average velocity for the
parameter space and we have made a connection with the parameter
space based on the maximum Lyapunov exponent. For both cases we
have found an infinite family of self-similar structures of shrimp-shape
which correspond to the periodic attractors embedded in a large region
which corresponds to the chaotic motion. The procedure is of broad
interest and can be extended to many other different two dimensional
area contracting models.

DY 10.6 Tue 10:45 MA 001
Coexistence of exponentially many chaotic spin-glass attrac-

ors — ITZHAK ELE EITAL IGZA LFGAN INZEL
t Y PELEG!, M Ziczacl, WoLrcanae K 2

and eIpo KANTER! — !Department of Physics, Bar-Ilan University,
IL-52900 Ramat-Gan, Israel — 2Institute for Theoretical Physics, Uni-

versity of Wuerzburg, Am Hubland, DE-97074 Wuerzburg, Germany

chaotic network of size N with delayed interactions which resembles a
pseudo-inverse associative memory neural network is investigated. For
a load @ = P/N < 1, where P stands for the number of stored pat-
terns, the chaotic network functions as an associative memory of 2P
attractors with macroscopic basin of attractions which decrease with
a. At finite «, a chaotic spin-glass phase exists, where the number of
distinct chaotic attractors scales exponentially with N. Each attrac-
tor is characterized by a coexistence of chaotic behavior and freezing
of each one of the N chaotic units or freezing with respect to the P
patterns. Results are supported by large scale simulations of networks
composed of Bernoulli map units and Mackey-Glass time delay differ-
ential equations.

DY 10.7 Tue 11:00 MA 001
Spin-orbital phase synchronization in the magnetic field-
driven electron dynamics — eLLEvAN CHOTORLISHVILI and JAMAL
BERAKDAR — Institut fiir Physik, Martin-Luther-Universitat Halle-
Wittenberg

We study the dynamics of an electron confined in a one-dimensional
double quantum dot in the presence of driving external magnetic fields.
The orbital motion of the electron is coupled to the spin dynamics by
spin orbit interaction of the Dresselhaus type. We derive an effective
time-dependent Hamiltonian model for the orbital motion of the elec-
tron and obtain a synchronization condition between the orbital and
the spin dynamics. From this model we deduce an analytical expres-
sion for the Arnold tongue and propose an experimental scheme for
realizing the synchronization of the orbital and spin dynamics.

15 min break

DY 10.8 Tue 11:30 MA 001

Reliable Dynamics in Boolean and continuous networks —

eEva GEHRMANN!, T1aco P. PrixoTo?, and BARBARA DRrosseEL! —



Tuesday

Hnstitut fiir Festkorperphysik, TU Darmstadt — 2Institut fiir Theo-
retische Physik, Universitdt Bremen

We compare continuous and Boolean dynamics of gene regulatory net-
works that have entirely reliable trajectories, i.e., the sequence of states
in the Boolean model does not depend on the order in which nodes are
updated. So far, little is known about general conditions under which
a Boolean simplification captures correctly the dynamics in gene regu-
lation networks. Previous research suggests that not the topology and
size of a network determine the extent of agreement between Boolean
and continuous models, but the features of the network. We investigate
the dynamical behavior of networks that have entirely reliable trajec-
tories in the Boolean model version, i.e., trajectories with Hamming
distance 1 between subsequent states. We translate the Boolean model
for gene activity into continuous dynamics for mRNA and protein con-
centrations using sigmoidal Hill functions and analyze the resulting
time-series of hundreds of networks with different sizes and different
lengths of the trajectories. For entirely reliable trajectories, we find
perfect agreement between the Boolean and the continuous dynamics.
In order to assess the importance of having reliable trajectories, we also
use models where the average Hamming distance between subsequent
states is larger than 1. A careful analysis reveals the reasons why the
good agreement between the Boolean and the continuous dynamics is
destroyed in many networks with larger Hamming distance.

DY 10.9 Tue 11:45 MA 001
Synchronization in mutually delay-coupled semiconductor
lasers and its decay due to bubbling — eKoNsTANTIN HIcKE!,
Jorpr Tiana-ALsiNa2, Xavier Porre!, MicueL Sorianol!, M.
CARME TORRENT2, JorDI GaRcia-Ojawvo?, and INco FiscHER!
— lInstituto de Fisica Interdisciplinar y Sistemas Complejos, IFISC
(UIB-CSIC), Campus Universitat de les Illes Balears, E-07122 Palma
de Mallorca, Spain — 2Departament de Fisica i Enginyeria Nu-
clear, Universitat Politécnica de Catalunya, Campus de Terrassa, Edif.
GAIA, Rambla de Sant Nebridi s/n, Terrassa E-08222 Barcelona,
Spain
Coupled semiconductor lasers are ideal testbeds to study synchroniza-
tion properties of delay-coupled systems. At the same time they are
promising for applications. An aspect which is therefore important is
how synchronization can get lost. Here we present experimental re-
sults for the dynamics of two mutually coupled semiconductor lasers
in a relay-coupling-configuration. We achieve excellent zero-lag chaos
synchronization of the lasers’ output intensities. Moreover, we demon-
strate how the overall synchronization quality decreases with increas-
ing pump current. We identify this to be due to an increase of the
occurence of intermittent desynchronization events which we attribute
to noise-induced bubbling. We point out the difference to global trans-
verse instabilities of the synchronization and the resulting on-off inter-
mittency. This is completed by a detailed analysis of the desynchro-
nization events.

DY 10.10 Tue 12:00 MA 001
Global synchronisation of excitable units induced by network
dynamics — eCrLauDpIO J. TEssoNE! and DaMIAN H. ZANETTEZ —
LChair of Systems Design, ETH Ziirich. Kreuzplatz 5, CH-8032 Ziirich,
Switzerland — 2Departamento de Fisica Estadistica e Interdisciplinar,

Centro Atémico Bariloche. R8400 S. C. de Bariloche, Argentina

In many cases of interest, the structure describing the interaction net-
work underlying a given system evolves over time. However, its full
—often complex— structure, becomes apparent only when seen over long
time-scales, in many cases much larger than those associated with the
internal dynamics of the elements represented by the nodes. Take a
social network as a prototypic example: individuals can interact only
with a very limited subset of their acquaintances over a given period
of time. Then, over a limited interval, the network looks rather sparse.
Despite of this, several dynamical processes are able to survive and
spread though real-world networks, such as diseases and opinions. In
this contribution, we study a sparsely connected network of excitable
FitzHugh-Nagumo units (not subject to any kind of perturbation), in
which the edges randomly rewire at a given rate. We show that a glob-
ally synchronised state can be induced solely by the network dynamics.
If the rewiring rate is too slow or fast, no emergent dynamics appear,
and the units rest in the fixed point of the dynamics. However, there
exists an intermediate range of values of the rate of link recombination
where all the units fire in a synchronised fashion. This shows that this
phenomenon is not a trivial one induced by global coupling, but the
outcome of an interplay between node and network dynamics.

DY 10.11 Tue 12:15 MA 001

Onset of Synchronization in Complex Networks of Noisy Os-
cillators — eBERNARD SONNENSCHEIN'2 and LuUTz SCHIMANSKY-
GeierY2 — lInstitute of Physics, Humboldt University at Berlin,
Newtonstr. 15, 12489 Berlin, Germany — 2Bernstein Center for Com-
putational Neuroscience, Philippstr. 13, 10115 Berlin, Germany

We investigate noisy Kuramoto oscillators on networks that are undi-
rected and complex. Our problem allows to study the effects and the
interplay of networks with a given degree distribution, diversity of os-
cillators and noise acting on the natural frequencies.

We derive the critical coupling strength for the onset of synchro-
nization by approximating the complex network by a weighted fully
connected network.

We find that the critical coupling strength is a product of two fac-
tors. The first one depends solely on the network topology, while the
second factor is a function of the noise intensity and the diversity of
the oscillators. Our result is applied to a dense small-world network
model in order to provide numerical verification.

We obtain a satisfying agreement between simulations and theory
for the critical coupling strength, regardless of whether we consider the
dependencies on the topology or the dependencies on the diversity.

Only for a smaller number of edges in the network, the critical cou-
pling strength is slightly overestimated by our approximation tech-
nique, but the functional dependencies can still be reproduced quali-
tatively.

DY 10.12 Tue 12:30 MA 001
Synchronized Cluster Formation in Coupled Laser Net-
works — Micua Nixon!, MoTTi FribMAN!, ErTAN RONEN!, ASHER
Friesem!, NIrR Davipson?, and eIpo KANTER2 — 1Weizmann Insti-
tute of Science, Dept. of Complex Systems, Rehovot, Israel — 2Bar-
Ilan University, Dept. of Physics, Ramat-Gan, Israel

We experimentally investigated networks of up to seven lasers with
homogeneous bidirectional time-delayed coupling and established the
following fundamental rules governing their synchronization state [1].
A network exhibits only two synchronized states: zero-lag synchro-
nization, where all the lasers are synchronized to each other, occurs
for networks with at least one odd numbered loop. Or sub- lattice
synchronization, where the network splits into two synchronized clus-
ters of alternating lasers that are not synchronized with each other,
occurs for networks comprised only of even numbered loops. This im-
plies that the synchronization state of the network is governed by a
non-local phenomenon; hence, it cannot be deduced by decomposing
the network into sub-structures that maintain their individual synchro-
nization states.

Very recently we extended the experimental investigation of syn-
chronized cluster formation to unidirectional coupled laser networks
with a much larger number of lasers that also include heterogeneous
coupling delay time [2].

[1] M. Nixon, et. al., Phys. Rev. Lett., 106, 22 (2011).

[2] M. Nixon et al., submitted (2011).

DY 10.13 Tue 12:45 MA 001
Measures for correlations and complexity based on exponen-
tial families — eOTrFrIED GUHNE!, SONKE NiEKaMP!, and ToBIiAs
GaLLa? — !Naturwissenschaftlich-Technische Fakultét, Universitét
Siegen, Walter-Flex-Str. 3, D-57068 Siegen — 2Complex Systems and
Statistical Physics Group, School of Physics and Astronomy, Univer-
sity of Manchester, Manchester M13 9PL, United Kingdom

Correlations between different parts of a physical system are ubig-
uitous in nature. Their characterization is crucial for the study of
complex systems, but also interesting from the viewpoint of quantum
information theory. To quantify such correlations, measures based on
the notion of exponential families have been studied [T. Kahle et al.,
Phys. Rev. E 79, 026201 (2009)]. The basic element of this approach
is to use the distance of a probability distribution to the thermal states
of k-particle Hamiltonians as a measure of the correlations in the dis-
tribution.

For the case of classical probability distributions, we show that such
measures are lacking some desirable properties of correlation measures.
However, we propose a modified definition which can be used to over-
come this problem [T. Galla et al., arXiv:1107.1180]. In the quantum
case, the probability distribution is replaced by a density matrix, but
still the same type of correlation measures can be defined. We present
an algorithm to compute such measures efficiently for quantum states.
‘We also demonstrate that this approach can be used to show that cer-
tain relevant quantum states (such as the cluster states) cannot be
approximated by ground states of two-body Hamiltonians.



