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long-range interactions  

09:30 ð 10:00 Ian Levin (Porto Alegre, Brazil): Collision-less relaxation in non -neutral plasmas and 
gravitational systems  

10:00 ð 10:30 Andrea Rapisarda (Catania, Italy): Chaos and nonergodic dynamics in long-range interacting 
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16:00 ð 16:30 Emilo Hernandez - Garcia (Mal lorca, Spain): Species clustering in models of biological 
competition  
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Chair: Eleonora Catsigeras  

11:00 ð 11:30 Theo Geisel (Goettingen, Germany): Self -organized  criticality in neuronal systems  

11:30 ð 12:00 Sergio Cannas (Cordoba, Argentina): Emergent self -organized complex network topology out 
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12:00 ð 12:30 Kunihiko Kaneko (Tokyo, Japan): Dynamical systems problems inspired by bio logy 

12:30 ð 13:00 Adi Bulsara (San Diego, USA): Coupling nonlinear oscillators for fun and profit  

 

13:00 -  14:00  Lunch 
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Chair: Alejandra Figliola  

15:00 ð 15:30 Silvina Ponce ðDawson (Buenos Aires, Argentina): Propagation of calcium waves and synaptic 
plasticity  

15:30 ð 16:00 Gustavo Martinez - Mekler (Cuernavaca, México): Calcium network dynamics and sperm 
motility  

 

16:00 ð 16:30 Mario Cosenza (Mérida, Venezuela): Generalized synchronization of chaos in autonomous 
systems  

16:30 ð 17:00 Claudio Mirasso (Mall orca, Spain): Delayed but still in time: a neural mechanism for zero lag 
long range synchronization in the brain  
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Chair: Silvina Ponce -  Dawson 

17:30 ð 17:50 Alejandra Figliola (Buenos Aires, Argentina): About the effectiveness of different methods 
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Thursday, December 4  
 

08:30 ð 09:00  Registration  
 

Chair: Celia Anteneodo  

09:00 ð 09:30  Damián Zanette (Bariloche, Argentina): Beyond networks: opinion formation in triplet -based 
social structures  

09:30 ð 10:00 Marcel Ausloos (Liege, Belgium): Entropy correlation distance method applied to the Gross 
Domestic Product of rich countries  

10:00 ð 10:30 Marta Gonzalez (Boston, USA): Understanding individual human mobility patterns  

 

10:30 ð 11:00  Coffee break  
 

Chair: Damian Zanette  

11:00 ð 11:30 Celia Anteneodo (Rio, Brazil): Unraveling the stochastic dynamics of financial markets  

11:30 ð 12:00 Jose Rober to Iglesias (Porto Alegre, Brazil): Crime and punishment: the economic burden of 
impunity  

12:00 ð 12:30 Raul Donangelo (Montevideo, Uruguay): Early warnings of catastrophic changes in 
ecosystems 



 

 

12:30 ð 13:00 Jason Gallas (Porto Alegre, Brazil): Cascades of hubs and spirals in phase diagrams of 
simple flows  

 

13:00 -  14:00  Lunch 
 

14: 00   Poster Session III  
 

Chair: Jose Roberto Iglesias  
15:00 ð 15:20 Guillermo Cecchi (New York, USA): Topological effects of synaptic time -dependent 

plasticity  

15:20 ð 15:40 Pablo Balenzuela  (Buenos Aires, Argentina): Critical functional networks: Similarities 
between brain dynamics and Ising model  

15:40 ð 16:00 Guillermo Ortega  (Madrid, Spain): Complex network analysis of human electrocorticographic 
data  

16:00 ð 16:20 Leonardo Br unnet  (Porto Alegre, Brazil): Coordinated motion influences typical scales of cell 
sorting  

16:20 ð 16:40 Marco Idiart  (Porto Alegre, Brazil): A process of k% -max winner take all mediates tuning 
orientation on cells of the visual cortex  

16:40 ð 17:00 Jorge Mazzeo  (Buenos Aires, Argentina): Multiscale characteristics of cell proliferation in 
the developing central nervous system of chick embryos  

 

17:00 ð 17:30  Coffee break and Poster Session III  
 

Chair: Pablo Balenzuela  

17:30 ð 17:50 Raul Montagne (Recife, B razil): Quasi-long-range order in active nematics and background 
flux  

17:50 ð 18:10 Hugues Chaté  (Saclay, France): Modeling and understanding active matter: variations on the 
Vicsek model 

18:10 ð 18:30 Angel Plastino  (Buenos Aires, Argentina): Aspects of q uantum phase transitions  

18:30 ð 18:50 Araceli Proto  (Buenos Aires, Argentina): Consequences of the dynamical properties of the 
specific heat in semi quantum nonlinear hamiltonians  

18:50 ð 19:10 Leszek Szybisz  (Buenos Aires, Argentina): Spontaneous symmetr y breaking and first -order 
phase transitions of adsorbed fluids  

19:10 ð 19:30  Nicolas Wschebor  (Montevideo, Uruguay): Non-perturbative renormalization group approach 
to out -of -equilibrium problems  

 

21:30 ð 23:00  Poster session III  
 

 

Friday, December 5  
 
08:30 ð 09:00  Registration  

 

Chair: Francisco Tamarit  

09:00 ð 09:30  Jose R. Rios Leite (Recife, Brazil): Time delays in the synchronization of chaotic systems  

09:30 ð 10:00 Tom Gavrielides (New Mexico, USA): Mutually coupled semiconductor lasers with rotated  
optical feedback  
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10:00 ð 10:30 Jorge Tredicce (Nice, France): Cavity soliton laser based on mutually coupled semiconductor 
microresonators  

 

10:30 ð 11:00  Coffee break  
 

Chair: Araceli Proto  

11:00 ð 11:30 Francisco Tamarit (Córdoba, Argentina): The stora ge capacity of a bidimensional Hopfield 
neural network with complex topology  

11:30 ð 12:00 Ricardo Velluti (Montevideo, Uruguay): Auditory neuronal networks in sleep and wakefulness  

12:00 ð 12:30 Alessandro Villa (Grenoble, France): Spatiotemporal patterns  of activity in cerebral neural 
networks: a dynamical systems perspective  

12:30 ð 13:00 Claudio Dorso  (Buenos Aires, Argentina): Community detection in networks  

 

13:00 -  14:00  Lunch 

 
Chair: Angel Plastino  

15:00 ð 15:20 Inés Caridi  (Buenos Aires, Argentina ): Clusters in networks with incomplete information: 
The disappeared in Argentina (1975 -1984) 

15:20 ð 15:40 Silvia London  (Bahia Blanca, Argentina): Convergence across the American countries  

15:40 ð 16:00 Panayotis Panayotaros  (Ciudad de Mexico): Localized coherent structures in the discrete 
NLS equation  

16:00 ð 16:20 Jose Suarez - Vargas  (Venezuela): Synchronization transitions and multistability in the route 
to oscillation death of coupled nonlinear oscillators  

16:20 ð 16:40 Carlos Argolo  (Alagoas, Brazil ): The threshold of coexistence of a predator -prey 
probabilistic model in a fractal and in a square lattice  

16:40 ð 17:00 Cesar Sampaio  (Recife, Brazil ): Dynamics of the volatility d istributions on Complex 
Networks  

 

17:00 ð 17:10  Closing Remarks 
 

 



 

 

TALKS 
 

(Alphabetical  order)  

 

 

(INVITED ) Ezequiel V. Albano,  D. Rodríguez, M. Bab , Instituto de Investigaciones Fisicoquímicas  Teóricas y 

Aplicadas (INIFTA), Facultad de Ciencias Exactas, Universidad Nacional de La Plata, Argentina  

ealbano@inifta.unlp.edu.ar , ezequielalb@yahoo.com.ar 

 

Dynamic behavior of the 1D Ising f erromagn et with long - range interactions  
 

The dynamic behavior of the Ising model, with power -law decaying interactions of the form 1/r d +  , is simulated in 

d = 1 dimension for = 0.75, by using the Monte Carlo method. This value of  is selected because we expect that 

critical exponents will be far from both the mean -field values = 0.5 and the strong Kosterlit z-Thouless behavior. 

Both the standard relaxation of ordered configurations and the short -time dynamics of disordered configurations 

are studied and rationalized in terms of scaling arguments. By measuring the time dependence of physical 

observables, such as the magnetization, susceptibility, Binder cumulant, correlation function, etc, the critical 

temperature and all the relevant critical exponents can be determined, including the static ( , , ) and the dynamic 

(z) ones. Also, the scaling exponent of the i nitia l increase of the magnetization is evaluated. Based on this evidence 

we conclude that the study of the dynamic behavior of the system allows the complete characterization of its 

critical properties.  

 

 

(INVITED ) Maximino Aldana , Instituto de Ciencias F ísicas, UNAM, Morelos, México  

max@fis.unam.mx, maxaldana@yahoo.com 

 

Critical dynamics in genetic networks: examples from four k ingdoms 
 

The coordinated expression of the differen t genes in an organism is essential to sustain functionality under the 

random external perturbations to which the organism might be subjected. To cope with such external variability, 

the global dynamics of the genetic network must possess two central prope rties. (a) It must be robust enough as to 

guarantee stability under a broad range of external conditions, and (b) it must be flexible enough to recognize and 

integrate specific external signals that may help the organism to change and adapt to different en vironments. This 

compromise between robustness and adaptability has been observed in dynamical systems operating at the brink of 

a phase transition between order and chaos. Such systems are termed critical. Thus, criticality, a precise, 

measurable, and well characterized property of dynamical systems, makes it possible for robustness and 

adaptability to coexist in living organisms. In this talk investigate the dynamical properties of the gene 

transcription networks reported for S. cerevisiae, E. coli, and B . subtilis, as well as the network of segment polarity 

genes of D. melanogaster, and the network of flower development of A. thaliana. By analyzing hundreds of 

microarray experiments to infer the nature of the regulatory interactions among genes, and imple menting these 

data into the Boolean models of the genetic networks, I will show that, to the best of the current experimental 

data available, the five networks under study indeed operate close to criticality. The generality of this result 

suggests that cri ticality at the genetic level might constitute a fundamental evolutionary mechanism that 

generates the great diversity of dynamically robust living forms that we observe around us.  
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(INVITED ) Fernandes Silva Andrade 1, R. Sousa de Oliveira 1, J. S. de Andr ade Jr .2 
1 Instituto de Física, Universidade Federal da Bahia, Salvador, Brazil  
2 Departamento de Física,Universidade Federal do Ceará, Brazil  

randrade@ufba.br  

 

Scaling properties of fluid flow in a porous media: a model based on Apollonian packing  
 

The low Reynolds number fluid flow in po rous media is investigated with the help of the well -known two-dimensional 

Apollonian packing in a channel of height H. The packing is constructed by drawing, initially, the centers of four 

identical tangent circles of rad ius H/4, on the corners of a square of side H/2 placed in the middle o f the channel. 

Next generations are obtained by including new tangent circ les in the space limited by the initial four units. As the 

maximum tangents circles, which optimize the occupati on of the space, do not allow for fluid flow, we uniformly 

reduce the values of the radius of the circle s from the configuration of the tangents circles. The first purpose is 

to fi nd the conditions under which Darcy's law is verified, for different valu es of the reduction factor. For each 

value of the void fraction, w e measure the dependence of the permeability with respect to the applied pressure 

gauge, identifying the maximal value of the Reynolds numbe r for which the linear relation established by the la w of 

Darcy is ob eyed. These results allow us to further analyze the variation of the permeability with the porosity, 

establishing the scaling limit of validity expressed by the Koz eny-Carman relations.  

 

 

(INVITED ) Celia Anteneodo , R .  Riera, A .  Cortines , Universidad Pontificia Católica,  Rio de Janeiro , Brazil  

celia@fis.puc -rio.br , celia@cbpf.br  

 

Unraveling the stochastic dynamics of financial markets  
 

A special focus of econophysics  has been the analysis of the fluctuations of prices and other observables in 

financial markets. The challenge stands on the observed non -trivial behaviors, such as long temporal correlations, 

non-Gaussianity and scaling laws, whose origins are not fully u nderstood. In this presentation we discuss, from 

direct analysis of empirical data, possible mechanisms responsible for the observed anomalous probability 

distributions of stock market indices and trading volumes. As one possible approach we evaluate the K ramers -Moyal 

equation that describes the evolution of the observed probability densities through timescales. Another fruitful 

approach consists in scrutinizing the possible presence of slow fluctuations of inner parameters that characterize 

the dynamics in  short timescales, since doubly stochastic processes can lead to power law distributions. The 

applicability of these methods can be of theoretical interest beyond the particular problems focused here.  

 

 

Carlos Argolo , Physics Department, CEFET -AL, Brazil  

argolo@cefet -al.br  

 

The threshold of coexistence of a predator - prey probabilistic model in a fractal and in a square lattice  
 

We study the critical behavior of a stochastic model that describes two population biology problem: The threshold 

of species coexistence in a predator -prey system. We simulate the above model by Monte Carlo procedure on a 

regular square lattice and also on a fractal lattice, the sierpinsky carpet. We determine the critical phase 

boundaries relat ed to the transition between an active state, where prey and predators present a stable 

coexistence, and a predator absorbing state. For both lattices, a finite size scaling analysis is employed to 

determine the order parameter, correlation length and susc eptibility exponents. The numerical estimates of the 

critical exponents of the regular 2 -d dimensional lattice coincide with those of the directed percolation 

universality class. We argue if the critical exponents of the fractal lattice are different from the directed 

mailto:celia@fis.puc-rio.br
mailto:celia@cbpf.br
mailto:argolo@cefet-al.br


 

 

percolation ones. We check the validity of the hyperscaling relation for both the regular and the fractal lattice 

and present the data collapses curves.  

 

 

(INVITED) Miguel  Arizmendi 1,  K. I. Mazzitello 1, H. G. E. Hentsche l2 
1 Facultad de Ingeni ería, Universidad Nacional de Mar del Plata, Argentina  
2 Department of Physics, Emory University, USA  

arizmend@fi.mdp.edu.ar  

 

Converting genetic network oscillations into somite spatial pattern  
 

The segmentation of vertebrate embryos, a process known as somitogenesis, depends on a complex genetic network 

that generates highly dynamic gene expression. Many of the elements of the network have been identified, but 

their interaction and their influence on segmentation  remain poorly understood. The Clock and Wavefront model, 

the best known somitogenesis model, postulates the existence of a longitudinal positional information gradient down 

the axis of vertebrate embryos. This gradient interacts with the cellular oscillat or stopping the oscillations and 

producing a rapid change in locomotory and adhesive behavior of cells when they form somites. The genetic 

oscillation in the presomitic mesoderm (PSM) is the somite clock, and the moving interfaces at the anterior end of 

th e PSM where the positional information reaches a critical value is called the wavefront. It is the interaction 

between the clock phase and the positional information that controls somitogenesis. A somitogenesis clock has been 

identified in chick, mouse, ze brafish, and frog, which consists of oscillatory gene expression in the presomitic 

mesoderm. Two major questions are how somitogenesis  clock oscillations are generated, and how they regulate 

segmentation. A recent proposal for the mechanism underlying thes e oscillations involves negative -feedback 

regulation at transcriptional and translational l evels, also known as òdelay-model" [J. Lewis, Curr. Biol. 13, 1398 

(2003)]. In this talk we present an extension of the òdelay model" by taking into account the inte raction of the 

oscillation clock with the determination front, in order to consider the pattern formation problem in the zebrafish 

embryo. Comparison is made with the known properties of somite formation in the zebrafish embryo. We also show 

that the model  can mimic the anomalies formed when progression of the determination wavefront is perturbed and 

make an experimental prediction that can be used to test the model.  

 

 

(INVITED) Marcel Ausloos , GRAPES, Physics Department,  Univ. Liege, Belgium 

Marcel.Ausloos@ulg.ac.be 

 

Entropy correlation distance method applied to the Gross Domestic Product of rich countries  
 

Theil index is much used in economy and finance; it looks like the Shannon entropy, but pertains to event  values 

rather than to their probabilities. Any time series can be remapped through the Theil index. Thus, linear 

correlation coefficients can be evaluated between such time series, thereby allowing to define a statistical 

distance, - to be contrasted to t he usual correlation distance measure for the time series. As an example this 

entropy -like correlation distance method (ECDM) is applied to the Gross Domestic Product (relative increments) of 

rich countries in order to test some globalization process. Hier archical distances ( or ólinear networkó) structures 

are constructed and analysed. The role of time averaging in finite size windows is discussed. It is also shown that 

the mean distance between the most developed countries actually decreases in time, - which we consider to be a 

proof of globalization. It is stressed that the entropy correlation distance measure is more suitable in detecting a 

phase transition, like a globalization process than the usual statistical (correlation based) measure.  

 

 

mailto:arizmend@fi.mdp.edu.ar
mailto:Marcel.Ausloos@ulg.ac.be
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balen@df.uba.ar  

 
Critical functional networks: Similarities between brain dynamics and Ising model  

 

In  the  last years, a lot of effort has been done in the char acterization of functional brain networks in order to 

describe large scale brain organization. Even when the brain is at rest, complex spatio -temporal organization in 

fMRI experiments reveals the presence of dense local correlations with few long range con nections, long living 

meta-stable states and anticorrelated non -local structures. In this work, we show that these features associated 

to complex brain functional networks can be found in a paradigmatic case of critical behavior with just nearest 

neighbors  interactions on a square lattice: the Ising model at critical temperature.  

 

 

(INVITED ) Marcia Barbosa , A.  Barros de Oliveira,  P. Augusto Netz  

Instituto de Física, Universidade Federal do Rio Grande do Sul, Porto Alegre, Brazil  

barbosa@if.ufrgs.br , marcia.barbosa@ufrgs.br  

 

The generic mechanism for water - like anomalies  
 

Some liquids in nature are known as anomalous liquids since they exhibit unexpected behavior upon variat ions of its 

thermodynamic conditions. Water is the canonical example of those anomalous liquids and, therefore, the anomalies 

found in many of these liquids are known as water -like anomalies. Water expands upon cooling at fixed pressure, 

diffuses faster up on compression at fixed temperature, and become less organized upon increasing density ð or 

equivalently upon compression ð at constant temperature. These are the density, diffusion, and structural anomalies 

of water, respectively. Using collision driven m olecular dynamics we show that two scales potentials always exhibit 

water -like anomalies. Potentials in which two preferred distances are present always exhibit water -like anomalies, 

but sometimes they are in an inaccessible region, as inside a crystal pha se. This is the case for the square -shoulder 

potential  

 

 

Adriano  Batista , Universidade Federal de Campina Grande, Departamento de Física, Brazil  

aabatis@yahoo.com  

 
AC- driven  Duffing oscillators under correlated noise and non- Markovian dissipation  

 

Here we  propose a method to determine what kind of random motion (diffusion, subdiffusion, or superdiffusion) 

microscopic particles have in a fluid. This is accomplished by measuring the memory function, which is associated to 

non-Markovian dissipation and correl ated noise [1]. In our proposed method, a microscopic brownian particle is 

attached to the middle of a doubly -clamped resonator beam, which is subsequently ac driven and immersed in a 

fluid.  Using a beam with lateral dimensions of the order of nanometers,  most of the drag is generated in the 

surface of the microscopic particle, hence the measured memory function will be nearly that of the free brownian 

particle. Here, we show how memory effects in dissipation, qualitatively and quantitatively, alter the dy namics of 

the microscopic particle attached to the resonator beam (whose equations of motion are equivalent to those of the 

Duffing oscillator). We further show how memory functions corresponding to different dissipative regimes 

(diffusion, subdiffusion, a nd superdiffusion) affect the oscillator. In particular, we obtain universal power laws for 
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the absoption when the driving frequency is small.  For subdiffusive memories the power law exponents $ \ nu<2$, 

for diffusive memories $ \ nu= 2$, and for superdiffusi ve memories $ \ nu>2$ [2].  

[1] R. Morgado et al., Phys. Rev. Lett. V89, 100601 (2002).  

[2] A. A. Batista et al., Phys. Rev. E V77, 066216 (2008).  
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Continuous time quantum walks on complex n etworks  
 

Recent findings suggest that processes such as the electronic e nergy transfer through the photosynthetic antenna 

display quantum features, aspects known from the dynamics of charge carriers along polymer backbones. Hence, in 

modeling energy transfer one has to leave the classical, master -equation-type formalism and ad vance towards an 

increasingly quantum -mechanical picture, while still retaining a local description of the complex network of 

molecules involved in the transport, say through a tight -binding approach.  Interestingly, the continuous time 

random walk (CTRW) picture, widely employed in describing transport in random environments, can be 

mathematically reformulated to yield a quantum -mechanical Hamiltonian of tight -binding type; the procedure uses 

the mathematical analogies between time -evolution operators in st atistical and in quantum mechanics: The result 

are continuous -time quantum walks (CTQWs).  Now, while the CTQW problem is then linear, and thus many results 

obtained in solving CTRWs (such as eigenvalues and eigenfunctions) can be readily reutilized for CTQ Ws, the 

physically relevant properties of the two models differ vastly: Thus, in the absence of traps CTQWs are time -

inversion symmetric and no energy equipartition takes place at long times. Also, the quantum system keeps memory 

of the initial conditions,  a fact exemplified by the occurrence of quasi -revivals [1]. In this talk we will discuss this 

and additional features, such as the topology dependence of CTQWs, ranging from very efficient transport on 

regular lattices [2] to localization and trapping eff ects on fractal or hyper -branched structures [3]. We 

furthermore will compare the CTQW results to the corresponding CTRW results on topologically equivalent 

networks. This allows us to systematically explore the similarities and differences between purely classical and 

purely quantum mechanical processes.  

[1] O. Mülken, A. Blumen, Phys. Rev. E 71, 036128 (2005); Phys. Rev. E 73, 066117 (2006).  

[2] O. Mül ken, V. Bierbaum, and A. Blumen; J. Chem. Phys. 124, 124905 (2006).  

[3] E. Agliari,  A. Blumen, and O. M ülken; J. Phys. A, in press (2008) . 
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Influence of Boundary Conditions on Localized Solutions of the cubic- quintic Complex G inzburg - Landau 
Equation 

 

We investigate the influence of the boundary conditions and the box size on the existence and stability of various 

types of localized solutions (particles and holes) of the cubic -quintic complex Ginzburg -Landau equation as it arise s 

as a prototype envelope equation near the weakly hysteretic onset of traveling waves. Two types of boundary 

conditions are considered for one spatial dimension, both of which can be realized experimentally: periodic 

boundary conditions, which can be achi eved for an annulus and Neumann boundary conditions, which correspond to 

zero flux, for example in hydrodynamics. We find that qualitative differences between the two types of boundary 

conditions arise in particular for propagating and breathing localized solutions. While an asymmetry in the localized 
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state is always connected to motion for periodic boundary conditions, this no longer applies for Neumann boundary 

conditions. In the case of Neumann boundary conditions we observe that breathing localized stat es can no longer 

exist below a certain box size, which is comparable to the òwidthó of the localized state. 

 

 

Leonardo Brunnet , Departamento de Fisica, Universidade Federal do Rio Grande do Sul, Brazil  

leon@if.ufrgs.br  

 

Coordinated motion influences typica l scales of cell sorting  
 

A self -propelled particle model is introduced to study cell sorting occurring in some living organisms. This allows 

evaluating the influence of intrinsic cell motility separately from differential adhesion with fluctuations, a 

mechanism previously shown to be sufficient to explain a variety of cell rearrangement processes. Besides, we also 

study differential velocity without differential adhesion as a mechanism to induce segregation.  We find that the 

tendency of cells to actively follow their neighbors greatly reduces segregation timescales. A finite -size analysis of 

the sorting process reveals clear algebraic growth laws as in physical phase -ordering processes, albeit with unusual 

scaling exponents.  
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Coupling nonlinear oscillators for fun and profit  
 

Unforced overdamped bistable dynamical systems cannot oscillate (i.e. switch between their stable attractors). 

However, a number of such systems subject to carefully crafted coupling schemes have been shown to exhibit 

oscillatory behavior under carefully c hosen operating conditions. This behavior, in turn, affords a new mechanism 

for the detection and quantification of target signals having magnitude far smaller than the energy barrier height 

in the potential energy function U(x)  for a single (uncoupled) el ement. The coupling -induced oscillations are a 

feature that appears to be universal in systems described by bi - or multi -stable potential energy functions U(x) , 

and are being exploited in a new class of dynamical sensors being developed by us. In this work  we describe one of 

these devices, a Coupled Core Fluxgate Magnetometer (CCFM), whose operation is underpinned by this dynamic 

behavior. We also outline other devices that are still under development as well as a tantalizing application in 

bistable genetic  oscillators.  
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Evolutionary formalism from random Leslie matrices  
 

We pres ent a perturbative formalism to deal with linear random matrix difference equations. We generalize the 

concept of the population growth rate when a Leslie matrix has random elements (i.e., characterizing some degree 

of disorder in the vital parameters). Th e dominant eigenvalue, of which defines the asymptotic dynamics of the 

mean value population vector state, is presented as the effective growth rate of a random Leslie model (i.e., 

effective Perron -Frobenius eigenvalue). This non -trivial eigenvalue is calc ulated from the largest positive root of a 

secular polynomial. Analytical, exact and perturbative results are presented for several models of disorder.  
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Emergent self - organized complex network topology out of stability selection pressure  
 

Although most networks in nature exhibit complex topology the origins of such complexity remains unclear. We 

introduce a model of a gro wing network of interacting agents in which each new agent's membership to the network 

is determined by the agent's effect on the network's global stability. It is shown that out of this stability 

constraint, scale free networks emerges in a self organized  manner, offering an explanation for the ubiquity of 

complex topological properties observed in biological networks.  
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Clusters in networks with incomplete information: The disappeared in Argentina (1975 - 1984)  
 

In this presentation we describe a metho d developed in order to recognize communities in networks with lacking 

information. The method was conceived to be applied to the problem of people disappeared in the argentine 

province of Tucuman during the period 1975 -1984. The information collected by t he EAAF is used to build a social 

network in which the missing are replaced by nodes (hereafter referred as such)  and links stand for relations 

established according to different criteria reflecting characteristics of the nodes as for example : political 

affiliation, date of disappearance, etc. The main hypothesis underlying this calculation is that strongly correlated 

subsets of nodes have ended up in the same CCD (clandestine detention centre) and afterwards they probably were 

disappeared (buried, cremat ed, etc.) in the same place. Through these calculations we aim to provide new, 

undetected, information to the EAAF in order to find the remains of the missing. We discuss different methods to 

validate our findings and to select the best set of parameters o f the model. Encouraging results have already been 

obtained and will be shown in this presentation.  
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Induced c urrent in classical and quantum damped r atchets  
 

In a previous work we found transport in a classical overdamped ratchet externally forced. The transport current 

arises by two di fferent conditions: a) by increasing the external driving and b) by adding an optimal amount of noise 

while the system remains sub threshold. In this work, we study an underdamped one case. It is worth to note that 

the necessary condition to obtain transpo rt is the presence of damping in addition to the asymmetries in the 

potential. On the other hand, we also study analytically and numerically the quantum analog of the same system and 

explore the conditions in order to establish transport.  
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Biological neuronal networks as deterministic dynamical systems  
 

The network of n >= 2 synapti cally connected neurons can be modeled as a deterministic system, and thus studied 

with the theoretical tools of the Dynamical Systems Theory in a qualitative description, rather than using a 

quantitative method. Also Ergodic Theory known results are appli cable. The abstract mathematical tools provide 

rigorously proved properties of some n -neurons system models and the qualitative tasks of its spike trains. Some 

systems are mathematically proved to exhibit several characteristic structurally stable limit cy cles in the evolution 

of its internal spikes. Those limit cycles are not modified by the external small random perturbations, but the 

system can jump from one cycle to other when an external excitation spikes some of the sensorial neurons of the 

system. Th e system has a response capable of processing a large amount of information from the environment.  
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Topological effects of synaptic time - dependent p lasticity  
 

Connections between individual neurons in the brain arise first from the spatial distribution of axons and dendrites 

within neural tissue. L ocal synaptic modification rules are known to shape patterns of connectivity in local neural 

tissue and local microcircuit topology. Global brain network topology, however, is believed to emerge largely from 

patterned area to area connectivity determined d uring development. One proposal for a rule governing this level of 

organization, the "no strong loops hypothesis", considered only patterning mechanisms to implement its specific 

area to area network topological constraint. Here, we show that the local Spi ke Timing-Dependent Plasticity (STDP) 

rule has the effect of reducing the trans -synaptic weights of closed loops of any length within a simulated network 

of neurons. We further prove analytically that anti -loop learning and STDP are equivalent for the case  of a linear 

network. Thus a notable local synaptic learning rule yields structures dominated by feed -forward connections at 

their largest scale. Given its widespread occurrence in the brain, we propose that STDP must be involved in 

eliminating long range synaptic loops among individual neurons across all brain scales, up to, and including, the scale 

of global brain network topology.  
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Modeling and understan ding active matter: variations on the Vicsek model  
 

The model introduced by Vicsek et al. in which self -propelled particles align locally with neighbors is, because of its 

simplicity, central to most studies of collective motion or òactiveó matter. After reviewing briefly its main 

properties, we show how it can be expanded into three main directions: changing the symmetry of the particles 

and/or of their interactions, adding local cohesion, and taking into account the fluid in which the particles move.  
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Galileo was right, also about tonal consonance  
 

The fundamental neuro -physiological bases involved in the perception of musi c and speech are still under discussion. 

Among them, the neural basis of consonance, one of the most universal aspects in which is based tonal music is not 

understood. We present a mathematical model, based on generic dynamics of excitable media, able to e xplain at 

once a number of unsolved issues in music theory.  
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Stochastic Model Calculation for the Carbon Monoxide Oxidation on Iridium(111) Surfaces  
 

We study the effect of external noise on the catalytic oxidation of CO on an Iridium(111) single crystal under 

ultrahigh vacuum conditions. This reaction can be considered a model of catalysis use d in industry. In the absence 

of noise, the reaction exhibits one or two stable stationary states, depending on control parameters such as 

temperature and partial pressures. When noise is added, for instance by randomly varying the quality of the influx 

mixture, the system exhibits stochastic reaction rate and switching. In this work we present results for the 

bistable situation that use white -noise as well as colored -noise approximations.  

 

 

(INVITED ) Marcel Clerc , Departamento de Física, Universidad de Chi le, Santiago, Chile 

marcel@galileo.dfi.uchile.cl  

 

Interaction and coarsening dynamics of dissipative soliton in parame trically driven Newtonian fluid  
 

An experimental and theoretical study in the motion and  interaction of the localized excitations in a vertically 

driven small rectangular water container is reported. Close to the Faraday instability, the parametrically driven 

damped Nonlinear Schrodinger Equation models this system. This model allows characte rizing the pair interaction 

law between localized excitations and the coarsening dynamics exhibited by a gas of these states. Experimentally 

we have a good agreement with the pair interaction law.  
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Generalized synchronization of chaos in autonomous systems  
 

We extend the concept of generalized synchronization of chaos, a phenomenon that occurs in driven dynamical 

systems, to the con text of autonomous spatiotemporal systems. It means a situation where the chaotic state 

variables in an autonomous system can be synchronized to each other but not to a coupling function defined from 

them.  The form of the coupling function is not crucial; it may not depend on all the state variables nor needs it to 

be active for all times for achieving generalized synchronization. The procedure is based on the analogy between a 

response map subject to external drive acting with a given probability and an au tonomous system of coupled maps 

where a global interaction between the maps takes place with this same probability. It is shown that, under some 
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circumstances, the conditions for stability of generalized synchronized states are equivalent in both types of 

systems. Our results reveal the existence of similar minimal conditions for the emergence of generalized 

synchronization of chaos in driven and in autonomous spatiotemporal systems.  
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Quantum- resonance ratchets: theory and experiment  
 

The purely quantum phenomenon of quantum resonance (QR) in kicked systems is an asymptotic quadratic growth in 

time of the mean kinetic energ y for rational values of a scaled Planck constant. Under QR conditions, an asymmetry 

may also lead to òratchet accelerationó, i.e., a linear growth in time of the mean momentum in a preferred direction, 

despite the absence of a biased mean kicking force. R ecently [1], general exact results were derived concerning QR 

and QR ratchets in the free -falling frame of the quantum kicked particle subjected to ògravityó (a linear potential). 

The general condition for QR in this system was shown to be the simultaneous rationality of the scaled Planck 

constant, the dimensionless gravity parameter, and the conserved quasimomentum Ǿ. A QR ratchet acceleration 

was found to arise even when both the kicking potential and the initial wave packet have a point symmetry  if their  

symmetry centers do  not  coincide. The ratchet characteristics were also shown to depend significantly on number -

theoretical features of the gravity parameter. In this talk, we shall first summarize the main results of work [1] in 

the special case of zero  gravity. We shall then describe a very recent atom -optics experimental realization [2] of 

these results for mono -harmonic kicking potentials. In this realization, a Bose -Einstein condensate (BEC) of 87Rb 

atoms is initially prepared in a superposition of t wo momentum states and is then exposed to a pulsed standing light 

wave. The experimental results for the mean -momentum change at arbitrary  Ǿ agree well with the theoretical ones 

after taking into account the finite quasimomentum width of the BEC. In partic ular, this width is shown to cause a 

suppression of the ratchet acceleration for resonant (rational) Ǿ leading to a saturation of the directed current 

(the mean momentum) to a finite value as in ordinary (nonaccelerating) ratchets. This finite value is, ho wever, 

usually larger than that for nonresonant Ǿ. Experimental work is in progress concerning the realization of QR 

ratchets for nonzero gravity parameter in [1].  

[1]  I. Dana and V. Roitberg, Phys. Rev. E 76, 015201(R) (2007).  

[2] I. Dana, V. Ramareddy, I. Talukdar, and G.S. Summy, Phys. Rev. Lett. 100, 024103 (2008).  
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Noise induces partial annihilation of colliding dissipative solitons  
 

Partial annihilation of two counter -propagatin g dissipative solitons, with only one pulse surviving the collision, has 

been widely observed in different experimental contexts, over a large range of parameters,  from hydrodynamic to 

chemical reactions. However a generic picture accounting for partial a nnihilation is missing. In this talk  we propose 

a universal mechanism explaining this phenomenon. In terms of a model we show that the existence of partial 

annihilation can be greatly enhanced and controlled by noise.  
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Early warnings of catas trophic changes in ecosystems  
 

The task of providing early indicators of catastrophic regime sh ifts in ecosystems is fundamental in order to 

design management protocols for those systems. Here we address the problem of lake eutrophication (the over -

enrichment with nutrients leading to algal blooms) using a simple spatial model. We discuss and compar e different 

spatial and temporal early signals announcing these catastrophic events. In particular we consider the spatial 

standard deviation and its associated patch structure of turbid water regions. The patch sizes exhibit a power law 

distribution when the lake is close to the eutrophic transition. We also analyze the spatial and temporal early 

warnings in terms of the amount of information required by each and their respective forewarning times. We then 

provide a link between spatial and temporal indica tors and their interplay. From the consideration of different 

remedial procedures than can be followed after these early signals we conclude that some of these indicators are, 

unfortunately, not early enough to avoid the undesired shift to the eutrophic st ate.  
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Community detection in networks  
 

Given a network, the accepted qualitative definition of community is that  it is a sub graph such that the nodes 

belonging to it, are more connected among themselves than to nodes outside the sub graph. The problem of 

community detection is relevant in many disciplines and the widely accepted criterion to detect them is to 

maximize the modularity (QN) introduced by Newman and Girvan [Phys. Rev. E 69, 026113 (2004)]. It has been 

shown that modularity optimization has a resolution limit. Moreover the communities resulting from this approach 

do not necessarily satisfy the qualitativ e definition introduced above. In this work we present new approach based 

on the optimization of new merit factors which strictly adhere to the qualitative definition and that do not present 

the above mentioned limit resolution problem. This method is test ed on well known networks.  
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About the effectiveness of diff erent methods for estim ating the multi - fractal spectrum of natural series  
 

Complex natural systems frequently present characteristics of  scalar invariance . This behaviour has been 

experimentally verified during the last years and there is a very rich related bibliography, report ed from very 

diverse fields.  The multifractal spectrum is a way to evaluate this kind of behaviour.  In the last years, different 

numerical methods to estimate the multifractal spectrum have been proposed. These methods could be classified in 

those origina te from the wavelet analysis and the other from nu merical approximations like the  Multifractal 

Detrended Fluctuation Analysis (MFDFA), proposed by Kantelhardt et al [1]  . Recently, S. Jaffard and co -workers  

[2]  proposed the Wavelet Leaders Method  (WL) that  combines the powerful of the wavelet analysis with the 

efficiency of the multi -resolution analysis.  In this work, we compare the effectiveness of the WL with the MFDFA 

at the particular case of the estimation of natural series multi - fractal spectrum.  

[1] J.W. Kantelhardt et al , Physica A 316, 87 (2002).  

[2] S. Jaffard, in: M. Lapidus et M. van Frankenhuijsen eds., Proceedings of Symposia in Pure Mathematics, 

Providence  AMS 72, Part 2, 2004, 91 -151. 
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Cascades of hubs and spirals in phase diagrams of simple flows  
 

In a recent work [PRL 101, 054101 (2008)] we reported phase diagrams o f simple flows (i.e. dynamical systems 

described by continuous time, modelled by sets of ordinary differential equations) to contain a certain key point, a 

òperiodicity hubó, responsible for organizing the dynamics regularly over wide parameter ranges around it. In this 

talk we  present numerically obtained phase diagrams showing that, surprisingly, hubs emerge in infinite òhub 

cascadesó that accumulate in a regular way on characteristic points of great dynamical richness and lying along 

peculiar paths in pa rameter space. To account for aspects of the very complicated phenomena at hand, we digress 

briefly on the theory of global bifurcations in multidimensional systems. We recall two important nonlocal 

bifurcations studied in the 1930s (Andronov and Leontovic h): the birth of periodic orbits from a homoclinic 

(separatrix) loop to a saddle, and from a separatrix to a saddle -node. Of importance is also Shilnikovõs observation 

that homoclinic loops to a saddle focus are associated with an infinite countable set of  periodic orbits. Descriptions 

based on linearizations contain some aspects of the phenomenon, but not hub cascades. The phenomenon being 

reported is truly a global one, was not theoretically anticipated and seems to go beyond presently available 

theoretic al knowledge about homoclinic orbits. The author is supported by the CNPq and by the AFOSR, Contract 

FA9550 -07-1-0102. 
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Thermal relaxation a nd low frequency vibrational anomalies  in simple models of glasses: a  study using non -
linear Hamiltonians  

 

Glasses exist because they are not able to relax in a laboratory time scale toward the most stable structure: a 

crystal. At the same time, glasses pr esent low frequency vibrational modes (LFVM) anomalies. In this talk, we will 

present the main features of glass transition and how the speed required for thermal relaxation, LFVM and 

chemical composition are related through rigidity theory. Then we will p resent a one dimensional model of glass 

that allows to study in a systematic way how the number of LFVM influences thermal relaxation. The model is a 

Fermi -Pasta-Ulam chain with non -linear springs that join second neighbors at random. This mimics the addin g of 

bond constraints in the rigidity theory of glasses. The corresponding number of LFVM decreases linearly with the 

concentration of these springs, and thus their effect upon thermal relaxation can be studied in a systematic way. 

The results indicate tha t the time required for thermal relaxation has two contributions: one depends on the 

number of LFVM and the other on the localization of modes due to disorder. By removing LFVM modes, relaxation 

is less efficient since the cascade mechanism that transfer s energy between modes stops . 
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Mutually coupled semiconductor lasers with rotated optical feedback  
 

A single edge-emitting laser subject to polarization -rotated feedback may exhibit stable square -wave oscillations 

provided the feedback strength is sufficiently large. Rate equations that take into account the two polarization 

fields and the delayed feedback correctly describe how these square -waves may appear. More recently, we 

considered two edge -emitting lasers coupled through polarization -rotated optical feedback and found that 
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asymmetric square -wave oscillations were also possible . Numerical simulations u sing rate equations now for the two 

lasers reproduce the experimental observations but indicate a competition with stable pure mode regimes. In this 

presentation, both new experimental and analytical results are described. Experimentally, we have found tha t 

either the coupling strength or the pump currents control the square -wave asymmetry. Analytically, we have 

investigated the stability of the pure mode solutions. Of particular interest is the observation that the stability of 

the pure mode solutions can be analyzed as two separate injection laser problems without any delay.  
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Self - organized criticality in neuronal systems  
 

Self -organized criticality is one of the key concepts to describe the emergence of complexity in natural systems. 

The concept asserts that a system self -organizes into a critical state where system observ ables are distributed 

according to a power law. It has long been speculated that this phenomenon might also show up in neuronal 

networks, but so far no genuinely neuronal model has been shown to exhibit full self -organized criticality. Here we 

consider a n etwork of integrate -and-fire neurons with depressive dynamical synapses, i.e. where the synaptic 

coupling exhibits fatigue under repeated presynaptic firing [1]. We find self -organized critical avalanches and show 

that in a range of interaction parameters this adaptation mechanism drives the network into a self organized 

critical regime by adjusting the average coupling strengths to a critical value. We derive an analytic expression for 

the mean synaptic strengths and the average inter -spike intervals in a mean-field approach. These mean values 

obey a self -consistency equation which allows us to characterize the self -organization mechanism. Our theory 

explains recent experimental results, where neuronal avalanches were observed in multi -electrode recordings of 

cortical slice cultures [2].  

[1] A. Levina, J. M. Herrmann, and T. Geisel, Nature Physics, 3, 857 (2007).  

[2] J. Beggs, and D. Plenz, J. Neurosci. 24, 5216 (2004).  
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Understanding individual human mobility patterns  
 

Despite their importance for urban planning, traffic forecasting, and the sprea d of biological and mobile viruses, 

our understanding of the basic laws governing human motion remains limited thanks to the lack of tools to monitor 

the time resolved location of individuals. Here we study the trajectory of 100, 000 anonymized mobile phon e users 

whose position is tracked for a six month period. We find that in contrast with the random trajectories predicted 

by the prevailing Levy flight and random walk models, human trajectories show a high degree of temporal and 

spatial regularity, each i ndividual being characterized by a time independent characteristic length scale and a 

significant probability to return to a few highly frequented locations. After correcting for differences in travel 

distances and the inherent anisotropy of each trajector y, the individual travel patterns collapse into a single 

spatial probability distribution, indicating that despite the diversity of their travel history, humans follow simple 

reproducible patterns. This inherent similarity in travel patterns could impact a ll phenomena driven by human 

mobility, from epidemic prevention to emergency response, urban planning and agent based modelling. 
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