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Encontro Nacional de Física Estatística / ID: 21-1 [FUNDA]

1

Numerical calculation of granular entropy: counting the uncountable.
Stefano Martiniani,Daan Frenkel
U. Cambridge

In 1989, Sir Sam Edwards introduced the concept of `granular entropy', dened as the logarithm of the number
of distinct packings of N granular particles in a xed volume V.
The proposal was rather controversial but much of the debate was sterile because the granular entropy could
not even be computed for systems as small as 20 particles - hardly a good approximation of the thermodynamic
limit.
In my talk I will describe how granular entropies of much larger systems can now be computed, using a novel
algorithm. The algorithm makes use of tools from equilibrium statistical physics, even though granular media
cannot be described in terms of a Gibbsian ensemble.
Interestingly, it turns out the denition of granular entropy will have to be modied to guarantee that granular
entropy is extensive.
Surprisingly, our studies on granular entropy allow us to make contact with the Gibbs Paradox and the extensivity of he thermodynamica entropy.
References:
N. Xu, D. Frenkel, A. J. Liu, Phys. Rev. Lett. 106, 245502 (2011).
D. Asenjo, F. Paillusson, D. Frenkel, Phys. Rev. Lett. 112, 098002 (2014).
S. Martiniani, K. J. Schrenk, J. D. Stevenson, D. J. Wales, D. Frenkel, Phys. Rev. E 93, 012906 (2016).
Stefano Martiniani, K. Julian Schrenk,Kabir Ramola, Bulbul Chakraborty, and Daan Frenkel, Nature Physics
(in press)
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Encontro Nacional de Física Estatística / ID: 5-1 [BIO]

1

Critical dynamics on a large human Open Connectome network
Géza Ódor

MTA-EK-MFA, Research Center for Energy, Hungarian Academy of Sciences, P. O. Box 49, H-1525 Budapest,
Hungary

Michael Gastner

Yale-NUS College, 16 College Avenue West, 01-220 Singapore 138527

Extended numerical simulations of threshold models have been performed on a human brain network with
N=836733 connected nodes available from the Open Connectome Project [1]. While in the case of simple
spreading models like contact process, SIS or threshold model a sharp discontinuous phase transition, without
any critical dynamics arises, variable threshold models exhibit extended power-law scaling regions. This is
attributed to fact that Griths eects, stemming from the topological or interaction heterogeneity of the
network, can become relevant if the input sensitivity of nodes is equalized. Nonuniversal power-law avalanche
size and time distributions have been found with exponents agreeing with the values obtained in electrode
experiments of the human brain [2]. Power-law activity time dependences occur sub-critically in an extended
control parameter space region without the assumption of self-organization. Probably the most important
result of this study is that negative weights enable local sustained activity and promote strong rare-region
eects without network fragmentation. Thus, connectomes with high graph dimensions can be subject to rareregion eects and can show measurable Griths eects. Another important observation is that power-laws may
occur in a single network, without sample averaging, due to the modular topological structure. Eects of link
directness, as well as the consequence of inhibitory connections is studied. Robustness with respect of random
removal of links suggest that connectome generation errors do not modify the Griths eects qualitatively.
[1] M.T. Gastner and G. Ódor, Sci. Rep. 5 , 14451 (2015).
[2] G. Ódor PRE 94, 062411 (2016).
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Encontro Nacional de Física Estatística / ID: 175-1 [BIO]

1

Correlations and complexity: characterizing neural code dynamics
Fernando Montani

IFLYSIB, Universidad Nacional de La Plata, CONICET CCT-La Plata, Argentina

To understand how sensory information is processed in the brain, we need to investigate how information is
represented by the activity of a population of neurons. At the level of how individual neurons process sensory
information, it is necessary to develop suitable stochastic models to describe the enormous variability of trains
of action potentials. For this, we use the path integral method to determine the analytical solution of the
Hodgkin and Huxley equation by considering a non-Gaussian color noise to represent possible feedbacks due
to the surrounding network. However at the collective level information can be carried not only on spike ring
rates, but also for the temporal structure of the series of shots, and correlations of spikes through neurons.
In particular the correlations across neurons are widely found in the cortex, and the evidence shows that the
correlations of pairs by themselves are not sucient to explain the patterns of multi-neuronal ring. We then
analyze how the input statistics of neurons can lead to higher order correlations in a neuronal population
dening a new scenario for possible synergistic or redundant states in the neural code. Finally we analyzed
human recordings during dierent motor-type activities and quantied the complexity according to the dierent
dynamics.
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Encontro Nacional de Física Estatística / ID: 10-1 [BIO]

1

A dynamical system's approach to birdsong
Gabriel B. Mindlin

universidad de buenos aires

Birdsong production is a complex behavior that emerges when a highly specialized peripheral vocal organ,
the syrinx, is driven by a set of well-coordinated physiological instructions. These are generated by a neural
circuitry, which is reasonably well characterized. In this presentation, I will present a computational model
whose variables are the average activities of dierent neural nuclei of the song system of oscine birds. Two of
the variables are linked to the air sac pressure and the tension of the labia during canary song production. I
will show that these time dependent gestures are capable of driving a model of the vocal organ to synthesize
realistic canary like songs. I will also discuss a road map for extending this research program to the problem of
human voice production. x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x
xxxxxxxxxxxxxxxxxxxxxxxxxxxxx
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Encontro Nacional de Física Estatística / ID: 43-1 [BIO]

1

The evolution of multicellularity and complexity
Paulo Campos

Departamento de Física, Universidade Federal de Pernambuco

The formation of new and higher levels of biological organization is a common place in evolution. The appearance
of multicellularity is considered to be one of the major evolutionary transitions. Multicellularity has evolved in
many distinct occasions and through dierent mechanisms and modes of development, making use of dierent
aspects of cellular biology.
The emergence of multicellularity was pivotal towards the development of complex organisms. However, the
denition of complexity is quite ambiguous, which helps to hinder empirical treatments of complexity in the
evolutionary biology literature and also our understanding of the key processes determining its trend. A possible
denition for complexity is to relate it to the number of distinct functions that be performed by an organism,
e.g., the number of specialized cell types in such organism. Though it is well established that larger organisms
are usually more complex, the so-called size-complexity rule. The fact is that the formation of larger organisms
creates new possibilities for evolving division of labor.
The emergence of multicellularity and the further increase of complexity will be discussed in the light of the
existence of incompatibilities and tradeos. These problems have been investigated in our group through two
distinct approaches: resource based-modeling and mechanistic models. The former has been used to address
the existing tradeo between the rate of resource uptake and yield in the process of energy conversion. It is
conjectured that multicellularity has become possible due to the spread of the ecient mode of metabolism,
respiration. In this earlier stage of the evolutionary process, the rst multicellular organisms were possibly
undierentiated. In the second approach, we thus address the next stage of the evolutionary process, that
is, the increase of complexity due to specialization of cells. We aim to present a theoretical approach to the
size-complexity rule.
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Encontro Nacional de Física Estatística / ID: 8-1 [NEQUI]

1

Dynamical Properties of Isolated Many-Body Quantum Systems
Lea F. Santos

Yeshiva University

Results are presented for the short- and long-time dynamics of isolated many-body quantum systems with
two-body interactions. The decay of the survival probability at short times can be very fast, even faster than
exponential when the system is strongly perturbed out of equilibrium. At long times, however, the evolution
of any quantum system with a bounded spectrum slows down and shows a power-law decay. This occurs for
integrable, chaotic, interacting, noninteracting, disordered, and clean systems. The value of the power-law
exponent reects the properties of the spectrum, the structure of the initial state, and the number of particles
that interact simultaneously. An exponent greater than or equal to 2 occurs when the energy distribution
of the initial state is ergodically lled, which guarantees thermalization. Exponents smaller than 1 indicate
lack of ergodicity. In the case of quantum systems with onsite disorder, we show that these small exponents
coincide with the multifractal dimension of the eigenstates and indicate the approach to a many-body localized
phase. The transition from the ergodic to the nonergodic phase is also manifested in the disappearance of
the correlation hole, which refers to a dip of the survival probability below the saturation point. Overall, the
survival probability provides more information about the system than the von Neumann entanglement entropy
or the Shannon information entropy.
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Encontro Nacional de Física Estatística / ID: 75-1 [FUNDA]

1

Fast Irreversible Monte Carlo simulations beyond the Metropolis paradigm
Werner Krauth
ENS Paris

The Markov-chain Monte Carlo method is an outstanding computational tool in science. Since its origins, it has
relied on the detailed-balance condition and the Metropolis algorithm to solve general computational problems
under the conditions of thermodynamic equilibrium with zero probability ows.
In this talk, I discuss a class of Beyond-Metropolis" algorithms that violate detailed balance, yet satisfy global
balance (the Markov chains are irreversible). Equilibrium is reached as a steady state with non-vanishing
probability ows. The notorious Metropolis acceptance criterion based on the change in the energy is replaced
by a consensus rule originating in a new factorized Metropolis algorithm. The system energy is not computed,
providing a fresh perspective for long-range interactions. Moves are innitesimal and persistent, implementing
the lifting concept. The resulting general class of fast algorithms overcomes the Markov-chain Monte Carlo
algorithms limitations of the detailed-balance condition and goes beyond hybrid Monte Carlo.
As an application I discuss our solution of the 2-d melting problem for hard disks and general potentials, and
present the cell-veto algorithm for treating long-range systems without cutos nor Ewald summations. I will
also discuss some open mathematical and algorithmic problems as well as hightly instructive connections of our
algorithms with the totally asymmetric simple exclusion process (TASEP) and related lattice models.
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Encontro Nacional de Física Estatística / ID: 117-1 [TEMP]

1

The potential of complexity measures in environmental science
Holger Lange

Norwegian Institiute of Bioeconomy Research

Michael Hauhs

University of Bayreuth

Long time series of environmental variables are reecting the dynamics of ecosystems. Data on climate, water,
carbon, nutrients and other observables provide the key to understand terrestrial systems and to detect trends
and other instationarities, systemic changes and responses, e.g. to changing climate, disturbances, or management. We present a number of diagnostic measures, based on symbolic dynamics or order statistics, which
quantify the information content and the complexity of environmental time series. Due to nite size limitations, the structures quantied are short-term in nature, rendering the scale (temporal resolution) dependence
of them relevant. Our primary examples are from a long-term monitoring site in Germany, but the approach
is general. The forested watershed investigated exhibits long-term changes related to changes in atmospheric
deposition, management and changing climate. The data are mostly ion concentrations in stream water. The
ability of the measures to detect subtle changes and collective behavior is demonstrated. In a more general
context, their usefulness for model-data comparison is shown; they might be used as multidimensional objective
functions to optimize model parameterizations. Diagnostic measures of this kind provide data-analytical tools
that distinguish dierent types of natural processes based solely on their dynamics, and are thus highly suitable
for environmental science applications such as model structural diagnostics.
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Encontro Nacional de Física Estatística / ID: 129-1 [BIO]

1

Human functional brain networks under the inuence of the psychedelic Ayahuasca: A complex
networks approach
G. M. Viswanathan, A. Viol, F. Palhano-Fontes, H. Onias, D. B. de Araujo
UFRN

Ayahuasca is a psychedelic beverage which is legal in Brazil for use in religious and scientic settings. Upon ingestion of Ayahuasca, users may experience visual and sometimes auditory stimulation as part of the psychedelic
experience. Our goal is to investigate how psychedelics alter brain function, by analyzing fMRI images of the
brain of human subjects before and after they ingest Ayahuasca. We apply the theory of complex networks
to study fMRI data of the brains of human subjects under two distinct conditions: (i) under ordinary waking
state and (ii) in an altered state of consciousness induced by ingestion of Ayahuasca. We nd an increase in the
Shannon entropy of the node degree distribution of the networks subsequent to Ayahuasca ingestion [1]. Our
results are broadly consistent with the recently proposed entropic brain hypothesis [2]. Finally, we discuss our
ndings in the context of descriptions of mind-expansion and increased creativity in self-reports of users of
psychedelic drugs.
[1] A. Viol, Fernanda Palhano-Fontes, Heloisa Onias, Draulio B. de Araujo, G. M. Viswanathan, Shannon entropy of brain functional complex networks under the inuence of the psychedelic Ayahuasca, arXiv:1611.00358
[q-bio.NC] (or arXiv:1611.00358v1 [q-bio.NC]), (2016).
[2] R. L. Carhart-Harris, et al., The entropic brain: a theory of conscious states informed by neuroimaging
research with psychedelic drugs, Frontiers in human neuroscience 8, 20 (2014).
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Encontro Nacional de Física Estatística / ID: 11-1 [POP]

1

Task forces: what's the optimal organization?
José Fernando Fontanari

Universidade de São Paulo

Understanding the conditions that improve the ecacy of cooperative work is a critical issue in practically
all human activities, given the central role played by task force problem-solving (e.g., drug design, trac
engineering, software development) on the economy of developed countries. The solution of today's complex
problems requires the grouping of task forces whose members are usually connected remotely over long physical
distances and dierent time zones. Hence, it is important to understand the eects of imposed communication
patterns or network topology (i.e., who can communicate with whom) on group performance. Here, we use an
agent-based model to study the inuence of the group size, member diversity and network topology on the time
the group requires to nd the solutions of problems with variable degree of diculties. In particular, the task
posed to the agents is to nd the global maxima of NK-tness landscapes. The agents cooperate by broadcasting
messages, informing on their tness to their neighbors, and use this information to copy the more successful
agents in their neighborhoods. We nd that there is an optimal group size beyond which the performance
degrades very rapidly [1]. For groups with this optimal size, the best performance is achieved when all agents
exhibit the same copy propensity [2]. In addition, we nd a positive correlation between the modularity of the
communication network and the group performance. For modular networks, the more central nodes (in the
sense of the betweenness centrality measure) are more likely to nd the solution rst for easy problems, whereas
the peripheral agents are more likely to nd the solution for the dicult problems [3].
[1] J. F. Fontanari. Imitative learning as a connector of collective brains. PLoS ONE 9, e110517 (2014).
[2] J. F. Fontanari. When more of the same is better. EPL 113 28009 (2016).
[3] S. M. Reia, S. Herrmann & J. F. Fontanari. Impact of centrality on cooperative processes. Physical Review
E 95, 022305 (2017).
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Encontro Nacional de Física Estatística / ID: 84-1 [NEQUI]

1

Clustering together with your competitors: Cluster crystals in passive and active matter
Emilio Hernández-García

IFISC (CSIC-UIB), Instituto de Física Interdisciplinar y Sistemas Complejos, Campus Universitat de les Illes Balears,
Palma de Mallorca, Spain

Cluster crystals are periodic structures in which the unit cell is occupied by a compact group of particles, instead
of containing a single object. They arise in a variety of contexts in a rather counterintuitive way: For example,
Brownian particles interacting by a purely repulsive pair potential can form these crystals at low temperature
if the potential is soft enough. The particles in each cluster remain very close to each other despite their
interactions being purely repulsive. In a rather dierent situation, biological agents competing for resources
so that their birth-death dynamics gets modulated by the presence of other individuals form the same type
of crystals: The agents cluster in compact groups, which are formed despite the strong competition between
individuals which are close. Under this conguration one would naively expect the death of most of agents.
In this talk I will summarize the mechanisms behind these phenomena, which need the consideration of the
interactions with the particles in the neighboring clusters of the periodic structure, beyond the intra-cluster interaction. This will be illustrated with examples from soft condensed matter, models of interacting populations,
and active self-propelling particles.
Work done mainly in collaboration with C. Lopez, J.B. Delfau and E. Heinsalu
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Encontro Nacional de Física Estatística / ID: 36-1 [NEQUI]

1

Ab initio simulation of normal shock waves through a helium-argon mixture
Fernanda Co Dias, Felix Sharipov
Universidade Federal do Paraná

Shock waves are natural features of supersonic owelds where the ow properties change dramatically across
a very thin region, of the order of the mean free path. When the shocks are perpendicular to the ow they
are called normal shock waves, which play an important role in many supersonic ows and represent a great
interest for many practical applications, as in high-speed atmospheric ight, the gas properties at the nose of a
blunt-nosed body moving at supersonic speeds, the normal shock across the inlet of some jet aircraft, the shock
wave formation in down-ow chambers of ows through orices, slits, short tubes and channels.
Normal shock waves have been studied previously by means of dierent theoretical approaches, predominantly
based on the hard sphere molecular model. However, as was shown previously [1], the hard sphere model does
not provide a correct description of shock waves so that some physical model must be used such as LennardJones or ab initio (AI) potential. The latter is calculated directly so that it does not contain any adjustable
parameter. Information on such potentials can be found in the open literature for practically all noble gases
and their mixtures, as in [2].
In the present work, the structure of a normal shock wave propagating through a mixture of helium and argon
is studied by applying the direct simulation Monte Carlo (DSMC) based on AI potential. The implementation
of this potential into the DSMC [3] made this method completely free from adjustable parameters extracted
from experiments. The computations were carried out for a wide range of Mach numbers, ranging from 1.5 to
10. The distributions of density and temperature in the shock wave and its thickness are calculated with the
numerical error of 0.5%. The reported numerical results can be used for verication of new methods of rareed
gas dynamics and model kinetic equations.
[1] F. Sharipov and F. C. Dias, Computers and Fluids 150, 115-122 (2017).
[2] S. M. Cybulski and R. R. Toczylowski, J. Chem. Phys. 111, 10 520-10 528 (1999).
[3] F. Sharipov and J. L. Strapasson, Phys. Fluids, 24, 011703 (2012).

20

Encontro Nacional de Física Estatística / ID: 77-1 [FMC]

1

A simple statistical mechanical model for the graphene problem
Claudio J. DaSilva

Instituto Federal de Educação, Ciência e Tecnologia de Goiás

Alvaro A. Caparica, J. N. Teixeira Rabelo

Instituto de Física, Universidade Federal de Goiás

Here we introduce a classical statistical mechanical model for the graphene, a two-dimensional honeycomb lattice
of sp2 -bonded carbon atoms. The remarkable tensile strength and extremely high intrinsic carrier mobility make
graphene a promising material in a wide range of applications. First, the model is based on a transposition from
the hexagonal structure to a two-dimensional rectangular lattice without losing any topological feature. The
resulting lattice possess a brick look distribution for each site with arms pointing either vertically or horizontally,
representing the chemical sp2 bondings. The interaction energy between two carbon atoms is represented by
the length of each arm and in our case is computed from a Morse like interatomic potential. Second, by
means of an improved Wang-Landau simulation, we perform an entropic Monte Carlo run for few lattices sizes
in order to determine the density of states and then compute the thermodynamic observables. The temperature
dependence of the specic heat and the thermal expansion coecient are calculated in order to do an initial
assessment of our model. We also compute the thermal properties using the unsymmetrized self-consistent eld
method (USF) to compare the simulated results with theoretical ones. It is possible to see a good conformity
between the results obtained by both techniques. Although our results should be interpreted in the proper
context, e.g., highly sensitive to the choice of interatomic potential, the main features of the thermal properties
of the graphene were captured.
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Encontro Nacional de Física Estatística / ID: 83-1 [NEQUI]

1

Cluster size distributions for nucleation and growth of nanoclusters during surface deposition
Tiago J. Oliveira

Universidade Federal de Viçosa

James W. Evans

Iowa State University

Nucleation and growth of nanoclusters (or islands) during deposition on at crystalline surfaces is very important, for example, in the fabrication of nanodevices, which depends, in most cases, on a controlled self-assembled
of structures on surface. In general, these processes involve continuous random adsorption of atoms (with rate
F ) at a periodic array of adsorption sites, together with a rapid terrace diusion of deposited atoms by hopping (with rate h) between neighboring adsorption sites. Moreover, adatoms aggregate forming islands, which
are eectively considered stable when their sizes become larger than a critical value i. Mean-eld (MF) rate
equation theory is long known to describe quite well some aspects of island growth as, for example, the scaling
of the island density with the ratio (h/F ) and the substrate coverage θ. On the other hand, it fails to correctly
determine the cluster size distributions (CSDs). Moreover, the existing beyond-MF theory for CSDs is not
closed, i.e., it depends on one (analytically) unknown quantity: the capture numbers. In order to determine the
asymptotic form of CSDs in systems with irreversible aggregation (i = 1), we have performed extensive kinetic
Monte Carlo simulations of a point island model, where islands occupy a single lattice site. Through an analysis
of cumulant ratios, we have unveiled the dependence of CSDs on (h/F ) and θ, as well as the asymptotic values
(for h/F → ∞, with xed θ) of those ratios. These cumulants, allied with numerical results for the variation of
the capture numbers with the island size, allowed us to determine the asymptotic shape of the CSDs. Interestingly, we also found that, for the point island model, the asymptotic regime can be assessed by taking the limit
of large θ, with xed (h/F ).
TJO acknowledges the support from CNPq and FAPEMIG.
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Encontro Nacional de Física Estatística / ID: 103-1 [FUNDA]

1

Thermostatistics beyond heat reservoirs
Sílvio M. Duarte Queirós
CBPF

As found in any textbook, Canonical Thermodynamics stems from the macroscopic nature of the system under
analysis that is in contact with another system and wherewith establishes an energy ow other than work or
transfer of matter. Such energy ow is dened as Heat and within a mathematical context it has a continuous measure. Accordingly, thermodynamical relations are written in the form of equations involving physical
quantities tout court and Gaussian distributions employed.
In the last decades, relations between Heat, Work and Energy started being studied from a dierent perspective.
First, research focussed on the impact of the size of the system. In that case, it has been understood textbook
thermodynamical laws remain valid, but only for the averages. In other words, nished o thermodynamical
relations must be introduced as equations for the moment/cumulant generating function so that uctuations
are taken into account.
More recently, another direction of study has been opened to study the role of the nature of the reservoir in the
thermodynamical laws. This talk aims at providing a nutshell overview of the concepts of work and information
reservoir - whose measures are singular more often than not - and to show to what extent standard relations
between thermal quantities are modied either in macroscopic or microscopic systems.
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Encontro Nacional de Física Estatística / ID: 113-1 [FMC]

1

Dynamics of interacting electrons under eect of a Morse potential
J.L.L. dos Santos, M.O. Sales,F. A. B. F. de Moura

Instituto de Física, Universidade Federal de Alagoas, Maceió AL 57072-970, Brazil

A. Ranciaro Neto

Faculdade de Economia, Administração e Contabilidade, Universidade Federal de Alagoas, Maceió AL 57072-970,
Brazil.

Here we consider the problem of two interacting electrons moving under eect of electron-phonon interaction.
Therefore, by using our formalism, the competition between the electron-lattice coupling and electron-electron
interaction was investigated. We will consider the singlet subspace of a standard two electrons Hamiltonian
and we use a nonlinear Morse lattice as a substrate. As initial condition, both electrons were placed at halfchain position and an impulse excitation started at the same locus in order to create a solitonic mode. Using
numerical methods, we solved quantum and classical equations for this problem and we tracked the electronic
dynamics. Our results suggest the possibility of both electrons being trapped by the solitonic mode and,
consequently, the rise of eective velocity of collective excitation. We also noticed that the electron velocity
depends on the Coulomb interaction as well as on the intensity of the electron-lattice interaction. Analyzing the
wave-function topology for long time, we found some new and interesting information about the nature of twoelectron-soliton coupling: the presence of bound states plays relevant role within the dynamics. The existence
of bound states in the initial condition and their relation to the degree of the Coulomb interaction was used to
explain qualitatively the electronic velocity in our model. We also discussed briey the electronic dynamics by
considering the electrons initially separated. Our results show that the electronic velocity exhibits an interesting
and new kind of dependence with the Coulomb interaction. In special, we demonstrated that in the case of
distant electrons (initial condition), it is possible to nd clear signature of electron-electron repulsion in timedependent calculations. The electron-electron repulsion is a direct consequence of the Coulomb interaction and
of the type of initial two-electron wave-packet.
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Encontro Nacional de Física Estatística / ID: 30-1 [POP]

1

Cyclic dominance: Intransitivity, coexistence and synchronization in cyclic games
Jeferson J. Arenzon

Instituto de Física - UFRGS

The Rock-Paper-Scissors (RPS) game and its generalizations with S > 3 species are well studied models for
cyclically interacting populations. Four is, however, the minimum number of species that, by allowing other
interactions beyond the single, cyclic loop, breaks both the full intransitivity of the food graph and the one
predator, one prey symmetry. Ref. [1] have shown the existence, on a square lattice, of two distinct phases,
with either four or three coexisting species. In both phases, each agent is eventually replaced by one of its
predators but these strategy oscillations remain localized as long as the interactions are short ranged. Distant
regions may be either out of phase or cycling through dierent food web subloops (if any). Upon replacing a
minimum fraction Q of the short range interactions by long range ones, there is a Hopf bifurcation and global
oscillations become stable [2]. Surprisingly, to build such long distance, global synchronization, the four species
coexistence phase requires less long range interactions than the three species phase, while one would naively
expect the contrary. Moreover, deviations from highly homogeneous conditions (χ = 0 or 1) increase Qc and
the more heterogeneous is the food web, the harder the synchronization is. By further increasing Q, while the
three species phase remains stable, the four species one has a transition to an absorbing, single species state.
The existence of a phase with global oscillations for S > 3, when the interaction graph has multiple subloops
and several possible local cycles, lead to the conjecture that global oscillations are a general characteristic,
even for large, realistic food webs. We exemplify with a prey-predator model whose defensive and attacking
behaviors, respectively, are either individual or collective [3,4]. Depending on the parameters of the model, the
eective interactions between the four possible strategy combinations (e.g., grouped prey vs single predator)
can be mapped on a four strategies cyclic model as described above.
[1] Lütz, Risau-Gusman, and Arenzon, J. Theor. Biol. 317 (2013) 286
[2] Rulquin and Arenzon, Phys. Rev. E. 89 (2014) 032133
[3] Lütz, Cazaubiel, and Arenzon, Games 8 (2017) 10
[4] Cazaubiel, Lütz, and Arenzon, arXiv:1611.09624 [q-bio.PE]
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Encontro Nacional de Física Estatística / ID: 118-1 [NEQUI]

1

Self-Organized Supercriticality and Oscillations in Networks of Stochastic Spiking Neurons
Osame Kinouchi, Ludimila Brochini, Ariadne A. da Costa
Universidade de São Paulo

Neuronal network models are extended dynamical systems that may present dierent collective behaviors or
phases characterized by order parameters. The separation regions between phases can be described as bifurcations in the order parameters, or phase transitions. Networks of stochastic spiking neurons are interesting
models in the area of Theoretical Neuroscience, presenting both continuous and discontinuous phase transitions. Here we study fully connected networks analytically, numerically and by computational simulations. The
neurons have dynamic gains that enable the network to converge to a stationary slightly supercritical state
(self-organized supercriticality or SOSC) in the presence of the continuous transition. We show that SOSC,
which presents power laws for neuronal avalanches plus some large events, is robust as a function of the main
parameter of the neuronal gain dynamics. We discuss the possible applications of the idea of SOSC to biological phenomena like epilepsy and dragon king avalanches. We also nd that neuronal gains can produce
collective oscillations that coexists with neuronal avalanches, with frequencies compatible with characteristic
brain rhythms. The surprising emergence of oscillations, coexisting with neuronal avalanches, seems to unite
in a single formalism two theoretical approaches and two dierent research communities: those that emphasize
critical behavior and avalanches, and those that emphasize oscillations and synchronized activity.
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Encontro Nacional de Física Estatística / ID: 133-1 [NEQUI]

1

Interacting Brownian motion with resetting.
R. Falcao

Departamento de Física e Matemática, Universidade Federal de São João del-Rei

M. R. Evans

SUPA, School of Physics and Astronomy, University of Edinburgh, United Kingdom

Resetting is the action of interrupting a continuously evolving process and instantaneously bringing it back
to a predetermined state to allow the process to restart. When applied stochastically such an action may
represent a wide variety of phenomena. For example, in the search for a lost object, after an unsuccessful period
of search one often spontaneously returns to the start position and restarts the search from there. Beyond
the search strategies similar notions of stochastic resetting are also found in: population dynamics, where a
random catastrophic event can cause a drastic reduction in the population, resetting it to some previous value;
economics, where a nancial crash may reset the price of stock assets to some predetermined value; biological
contexts, where organisms use stochastic resetting or switching between dierent phenotypic states to adapt to
uctuating environments; biochemistry, where the resetting formalism is used to study how RNA polymerases
recover from a backtracked state; enzymatic catalysis, where the resetting is used to study de Michaelis Menten
kinetics.
In all of these works the resetting mechanism occurs through an external mechanism, modelled in the continous
time case as a Poisson process. In this work we seek to extend the eld of study by introducing resetting that
is triggered by the internal dynamics of a system. Instead of using a constant rate, or using any predetermined
waiting time distributions between resetting events, the resetting is triggered through interactions between the
constituent particles. In order to study such an interaction-driven resetting mechanism we propose in this work
a toy model that consists of two Brownian particles in one dimension subject to mutual attraction and resetting
to the initial position every time they are about to collide. We derive the steady-state distributions and study
the late time relaxation behavior to the stationary state.
Financial Support: FAPEMIG
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Speech Graphs as a Tool for Psychiatric Diagnosis: A Physicist's Walk into Computational
Psychiatry
Mauro Copelli
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Early psychiatry investigated dreams to understand psychopathologies. Contemporary psychiatry, which neglects dreams, has been criticized for lack of objectivity. In search of quantitative insight into the structure
of psychotic speech, we investigated speech graph attributes (SGA) in patients with schizophrenia, bipolar
disorder type I, and non-psychotic controls as they reported waking and dream contents. Speech graphs are
simply directed graphs of word trajectories, upon which standard graph-theoretical measures can be applied.
Schizophrenic subjects spoke with reduced connectivity, in tight correlation with negative and cognitive symptoms measured by standard psychometric scales. Bipolar and control subjects were undistinguishable by waking
reports, but in dream reports bipolar subjects showed signicantly less connectivity. Dream-related SGA outperformed psychometric scores or waking-related data for group sorting. The results demonstrate the feasibility
of the dierential diagnosis of psychosis based on the analysis of dream graphs, pointing to a fast, low-cost and
language-invariant tool for psychiatric diagnosis and the objective search for biomarkers. Next, we aimed to
verify whether speech disorganization during the rst clinical contact, as measured by graph connectedness,
can correctly classify negative symptoms and the schizophrenia diagnosis 6 months in advance. Positive and
negative syndrome scale scores and memory reports were collected from 21 patients undergoing rst clinical contact for recent-onset psychosis, followed for 6 months to establish diagnosis, and compared to 21 well-matched
healthy subjects. Each report was again represented as a word-trajectory graph. Connectedness was measured
by number of edges, number of nodes in the largest connected component and number of nodes in the largest
strongly connected component. Similarities to random graphs were estimated. All connectedness attributes
were combined into a single Disorganization Index weighted by the correlation with the positive and negative
syndrome scale negative subscale, and used for classications. Random-like connectedness was more prevalent
among schizophrenia patients. Connectedness from two kinds of memory reports (dream and negative image)
explained 88% of negative symptoms variance. The Disorganization Index classied low vs. high severity
of negative symptoms with 100% accuracy (area under the receiver operating characteristic curve = 1), and
schizophrenia diagnosis with 91.67% accuracy (area under the receiver operating characteristic curve = 0.85).
Thus, speech disorganization during the rst clinical contact correlates tightly with negative symptoms, and is
quite discriminative of the schizophrenia diagnosis.
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Collective oscillations in populations of excitatory and inhibitory neurons
Italo'Ivo Lima Dias Pinto, Mauro Copelli
Universidade Federal de Pernambuco

Information processing in the brain occurs through the transmission of signals between neurons. Understanding
how these signals are transmitted through a network of neurons is essential to develop a theory of how the brain
works. A single neuron stays on a quiescent state until it receives a supra-threshold external signal. Once it
receives that signal, it gets excited for about one millisecond, during which it can excite other neurons, typically
through chemical synapses. After ring, before returning to the quiescent state the neuron experiences a period
called refractory period in which it cannot be excited. We present a simple model with neurons modeled as 3state units, each state representing quiescent, ring and refractory states. The transitions between states occur
stochastically with the transition rates between quiescent and ring depending exponentially on the number of
ring neighbors, whereas all other rates are kept constant. In our model we also consider that neurons can have
excitatory or inhibitory synapses. In the rst case a ring neuron can cause another neuron on the quiescent
state to re. In the second case an inhibitory neuron can inhibit the ring of a neuron that is receiving an
excitatory signal. Using this simple model we show that, beyond the usual transition from an absorbing to
an active phase, collective oscillations can also emerge from the interplay between excitatory and inhibitory
neurons, a behavior that could not be observed in the absence of inhibitory synapses. The transition occurs
from an active phase to an oscillatory one, and can be reentrant. The system can return to the active state in
two dierent ways: through an innite-period (SNIC) bifurcation or through a Hopf bifurcation. Our results are
obtained using a mean eld approximation, which is compared to simulations for a globally coupled population
as well as random networks.
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Continuum approach for dissipative systems of repulsive particles
Andre Auto Moreira, Cesar Menezes Vieira, Humberto Carmona, Jose Soares de Andrade Jr.
Universidade federal do ceará

We propose a general coarse-graining method to derive a continuity equation that describes any dissipative
system of repulsive particles interacting through short-ranged potentials. In our approach, the eect of particleparticle correlations is incorporated to the overall balance of energy, and a non-linear diusion equation is
obtained to represent the overdamped dynamics. In particular, when the repulsive interaction potential is a
short-ranged power-law, our approach reveals a distinctive correspondence between particle-particle energy and
the generalized thermostatistics of Tsallis for any non-positive value of the entropic index q. Our methodology
can also be applied to microscopic models of superconducting vortices and complex plasma, where particleparticle correlations are pronounced at low concentrations. We investigate the consistence of the proposed
approach both in the stationary state as well as during the dynamical evolution of the density prole. Under
certain conditions the solution for the density prole obeys a similarity condition, that is, the density distribution
in dierent instants can be mapped one on other by a suitable scaling. In this case, we observe that the
distribution of particles velocities follows closely the same functional form observed for the density prole. The
resulting continuum descriptions provide elucidating and useful insights on the microdynamical behavior of these
physical systems. The consistency of our approach is demonstrated by comparison with molecular dynamics
simulations.
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Scaling properties in one-dimensional logistic-like mappings
Juliano A de Oliveira
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Scaling laws in one-dimensional logistic-like mappings are considered. The mappings are parametrized by a
control parameter γ as a dynamical variable. As the control parameter is varied bifurcations in the xed points
and chaotic regions appear. We veried at the bifurcation point in the transcritical and pitchfork bifurcations,
that the convergence for the stationary point is characterized via a homogeneous function with three dierent
critical exponents β , α and z , depending on the nonlinearity of the mapping. Near the bifurcation the decay
to the xed point is exponential with a relaxation time given by a power law whose slope is independent of
the nonlinearity. To characterize the chaos we have used the Lyapunov exponents to dierent values of γ . The
formalism used is general and can be extended to other dissipative mappings.
[1] Teixeira R. M. N. ; Rando D.; Castro Geraldo F. ; Costa Filho R.N.; de Oliveira J. A.; Leonel E. D.. Physics
Letters A, 379, 1246, 2015.
[2] Leonel, E. D. Teixeira, R. M. N.; Rando, D. S. Costa Filho, R N; de Oliveira, J. A.. Addendum to:
Convergence towards asymptotic state in 1-D mappings: A scaling investigation [Phys. Lett. A 379 (2015)
1246]. Physics Letters A, 379, 1796, 2015.
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Non-ane viscoelastic response in self-assembled peptide networks
L. G. Rizzi

Universidade Federal de Viçosa, Viçosa, Brazil

S. Auer, D. A. Head
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The self-organisation of peptides into brous and brillar aggregates is ubiquitous in nature and has undoubtedly an important structural role in biological systems, e.g. amyloid brils, actin, collagen, and silk [Broedersz&MacKintosh,2014]. A current scientic challenge is to develop bio-inspired complex materials that might
act as novel materials for the healthcare industries such as synthetic tissues with tailored mechanical properties.
Unfortunately, the myriad of material properties observed in biology is also reected in the limited knowledge we
have about the processes involved in the self-assembly of peptides into aggregates and bre networks. In particular, from the physicists point out view, the diculties emerges mainly because the description of the involved
phenomena requires to take into account (i) the formation of hierarchically organized mesoscopic structures that
spans several time and length scales [Kolinski,2011], (ii) correlations due to the presence of competitive and
frustrated interactions [Levin,2002], and (iii) the mechanical responses can be highly inuenced by non-ane
deformations [Wen et al.,2012]. Here we present a multiscale numerical approach to overcome the above diculties and predict the viscoelastic response and degree of anity for self-assembled peptide gels. In particular,
we use a coarse-grained peptide model [Rizzi&Auer,2015] to simulate the formation of amyloid bril networks
[Rizzi et al.,2015], and couple these to elastic network theory to determine the mechanical properties the system
at arbitrary frequencies [Rizzi et al.,2016]. Our results shows that the non-ane normal modes are successively
suppressed as the driving frequency increases. Also, it indicates that the low frequency modes are delocalised
and dominated by bril bending. Our methodology provide insights into the importance of non-anity in the
mechanical response of peptide gels. Also, it might contribute to the understanding of relationships between the
rheology of bio-inspired semiexible lament networks and the microscopic aspects involved in the self-assembly
of peptides.
References:
[Broedersz&MacKintosh,2014] Rev. Mod. Phys. 86 (2014) 995.
[Kolinski,2011] Multiscale Approaches to Protein Modeling (Springer, 2011).
[Levin,2002] Rep. Prog. Phys. 65 (2002) 1577.
[Rizzi et al.,2015] Phys. Rev. Lett. 114 (2015) 078102.
[Rizzi et al.,2016] Soft Matter 12 (2016) 4332.
[Rizzi&Auer,2015] J. Phys. Chem. B 119 (2015) 14631.
[Wen et al.,2012] Soft Matter 8 (2012) 8039.
Financial Support: FAPEMIG
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A study of nematic wetting on planar and curved surfaces
Mário José de Oliveira,Dora Izzo
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We study the orientational prole of a system of small cylinders in contact with a free surface, which can be
planar or curved. In the curved case, we are interested in systems in which the ratio between the length of
the cylinders and the surface radius of curvature is large enough so that excluded volume interactions drive the
orientation prole. We consider both planar and homeotropic anchoring. In order to study this problem, we
consider a three state Potts model within a mean eld approach as proposed by Wu. We apply it to a semi
innite lattice. With increasing distance from the surface, the excluded volume interactions increase and this
is modelled by varying nearest neighbor interactions. The mean eld equations are solved numerically and we
obtain various interesting results. Some features are common to both planar and curved cases: there is always
a rst order transition and the results do not depend on the anchoring. In the planar case, the results do not
depend on the surface chemical potential. In the curved case, when the surface is disordered and the bulk
ordered, the prole may or may not be smooth, presenting a step: the width of the step depends on the degree
of disorder on the surface, on the rate of increase of the inter particle interactions and on the surface chemical
potential.
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Waterlike behavior for interacting bosons in an one-dimensional lattice
Marco Aurélio Alves Barbosa, Mariana Malard Sales
Universidade de Brasília

Water behavior in (classical) one dimensional models of uids was shown to be intrinsically associated with
ground state phase transition for both lattice [1, 2] and o-lattice systems [2, 3].
Here we extend the previous analysis by investigating waterlike behavior in a one dimensional quantum mechanical model whose Hamiltonian is similar to classical models with water like behavior, in the sense that it
possess a competition between dierent interacting scales in the pair potential. We present results for phase
transitions, density, and entropy along the phase diagram, for dierent parameters of the Bose-Hubbard model.
Most interestingly, an oscillatory behavior, which was previously found to be a signature of the connection
between phase transition and density anomaly [4], is also observed at low temperature.
[1] Barbosa, M. A. A.; Barbosa, F. V.; Oliveira, F. A. Thermodynamic and dynamic anomalies in a onedimensional lattice model of liquid water. The Journal of Chemical Physics. , v.134, 024511, 2011.
[2] Barbosa, F. V.; Oliveira, F. A.; Barbosa, M. A. A. Residual entropy and waterlike anomalies in the repulsive
one dimensional lattice gas. The Journal of Chemical Physics, v.142, 144506, 2015.
[3] Rizzati, E., Barbosa, M. A. A., Barbosa, M. C. B. Core-Softened Potentials, multiple liquid-liquid critical
points and density anomalies regions: an exact solution (Submitted, 2017).
[4] Barbosa, M. A. A.; SALCEDO, E.; Barbosa, M. C. B. Multiple liquid-liquid critical points and density
anomaly in core-softened potentials. Physical Review E, v.87, 032303, 2013.
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Dilemma games in the light of magnetism, how topological frustration can organize long range
patterns
Marco Antonio Amaral, Jeferson Arenzon
UFRGS

Three is a crowd" is an old proverb that applies as much to social interactions as it does to frustrated congurations in statistical physics models. Accordingly, social relations within a triangle deserve special attention.
With this motivation, we explore the impact of topological frustration on the evolutionary dynamics of the
snowdrift game on a triangular lattice. This topology provides an irreconcilable frustration, which prevents
anticoordination of competing strategies that would be needed for an optimal outcome of the game. By using
dierent strategy updating protocols, we observe complex spatial patterns in dependence on payo values that
are reminiscent to a honeycomb-like organisation, which helps to minimize the negative consequence of the
topological frustration. We relate the emergence of these patterns to the microscopic dynamics of the evolutionary process, both by means of mean-eld approximations and Monte Carlo simulations. For comparison, we
also consider the same evolutionary dynamics on the square lattice, where of course the topological frustration
is absent. However, with the deletion of diagonal links of the triangular lattice, we can gradually bridge the
gap to the square lattice. Interestingly, in this case the level of cooperation in the system is a direct indicator
of the level of topological frustration, thus providing a method to determine frustration levels in an arbitrary
interaction network.
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Nontrivial Properties of the Heat Flow: Analytical Approach with Harmonic and Anharmonic
Chains of Oscillators
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A fundamental challenge in nonequilibrium statistical physics is the derivation of the macroscopic phenomenological laws of thermodynamic transport from the underlying Hamiltonian systems. For decades, many works
have been devoted to this subject. In spite of the existence of several open problems, such as a denite description of the Fourier's law of heat conduction, intensive investigations and interesting results have opened the
fascinating possibility to manipulate and control the heat current. Now we observe the advance of Phononics,
the counterpart of electronics dedicated to the manipulation of the heat current. However, a very promising
advance is still dependent on the development of one of its basic component: an ecient and feasible thermal
diode. The thermal diode is the basic tool for the manipulation and control of the heat current. In this device
heat ows preferably in one direction, i.e., the magnitude of the heat current changes as we invert the sample
between two thermal baths. The most recurrent proposals of thermal diodes are based on the sequential coupling of two or three segments with anharmonic interactions, and they have to face several problems which are
dicult to overcome. In particular, their rectication power is small and rapidly decays to zero as the system
size increases. For this reason, more and more eorts have been devoted to the search of alternative systems or
rectifying mechanisms, however without remarkable results.
In this context, i.e., in order to perform a microscopic study of nontrivial properties of the heat current, we
develop an integral representation (a la Feynman-Kac) for the correlation functions of harmonic and anharmonic
chains of oscillators with self-consistent reservoirs. The proposed formalism is an useful tool for the study of
the heat ow in some recurrent models of solids.
In particular, we dedicate some works to nd a possible way to overcome the diculties behind the building of a
feasible and ecient thermal diode. Namely, we perform analytical (and numerical) studies in order to identify
general and simple ingredients to build a diode with great rectication power which, moreover, does not decay
to zero as the system size increases. We also describe the occurrence of negative dierential thermal resistance
in graded anharmonic chains of oscillators.
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Quasi-phases and pseudo-transitions in one-dimensional models with nearest neighbor
interactions
S. M. de Souza,Onofre Rojas
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The absence of phase transitions in one-dimensional models with short range coupling was established since
the 1950s. More recently, was also investigated relevant properties regarding one-dimensional models, such
as the general non-existence theorem at the nite temperature phase transition with short range interaction.
Although there are some one-dimensional models with long-range interactions that exhibit phase transition at
nite temperature. There are some particular one dimensional models, such as the Ising-Heisenberg spin models
with a variety of chain structures, which exhibit unexpected behaviors quite similar to the rst and second order
phase transition, which could be confused naively with an authentic rst and second order phase transition.
Through the analysis of the rst derivative of free energy, such as entropy, magnetization, and internal energy,
a "sudden" jump that closely resembles a rst-order phase transition at nite temperature occurs. However,
by analyzing the second derivative of free energy, such as specic heat and magnetic susceptibility at nite
temperature, it behaves quite similarly to a second-order phase transition exhibiting an astonishingly sharp and
ne peak. The correlation length also conrms the evidence of this pseudo-transition temperature, where a sharp
peak occurs at the pseudo-critical temperature. We also present the necessary conditions for the emergence of
these quasi-phases and pseudo-transitions. Partial nancial support: FAPEMIG
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Inverse melting in systems with competing interactions
Lucas Nicolao, Alejandro Mendoza-Coto
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KTH Royal Institute of Technology

In an inverse melting transition, the more symmetric phase (e.g. the uid) is observed at lower temperatures,
while the less symmetric phase (e.g. the crystal) appears for higher temperatures in the equilibrium phase
diagram. This counter-intuitive behavior occurs in a large number of systems, ranging from colloids and magnetic
lms to vortex matter and is generally attributed to the interplay between entropy and energy in the less
symmetric phase. In this work we present a general comprehension of the mechanisms leading to the emergence
of this reentrant behavior in two-dimensional systems where equilibrium pattern formation (modulated phases)
results from underlying competing interactions. Using the mean-eld form of the entropy function in a coarse
grained interacting model, we identify the specic connections between the uctuation spectrum A(k) associated
with the competing interactions in the eective Hamiltonian and the reentrant behavior observed in the phase
diagrams of applied eld versus temperature. In particular, we nd that the instability of the homogeneous
solution A(0) < 0 and a saturated local order parameter are necessary conditions for the emergence of the
reentrant behavior. Additionally, we show that the relative magnitude of the inverse melting in the phase
diagram is proportional to the quantity A(0)/ |A(k0 )|, obtaining an analytical expression for the limit of small
reentrance and encountering theoretical upper and lower bounds regarding the shape of A(k). Finally we
test our predictions with Langevin simulations of the eective coarse grained model, observing the inverse
melting outside the mean-eld level and conrming its general features. These results qualitatively improve the
understanding of the role of the entropy around the inverse melting point, and shed light on the underlying
mechanisms behind many systems undergoing inverse melting transitions.
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Topological phase diagrams in systems with competing interactions
Alejandro Mendoza Coto, Lucas Nicolao, Rogelio Díaz-Mendez
Universidade Federal de Santa Catarina

Systems with competing interactions are common in nature. They exists in many branches of physics, from
soft condensed matter, in the case of mixtures of polymers to solid state systems as magnetic ultrathin lms
and strongly interacting electronic systems In such materials the competition between interactions typically
produce an instability toward the formation of modulations in the local order parameter. Such textures can
be self-organized in many dierent phases, depending on the spatial dimension and on the specic interactions
between the microscopic components of the system. The understanding of the topological properties of the
modulated phases developed by these materials is a nontrivial question from the theoretical point of view with
potential implications for technological applications.
In the present work we study specically the case of two-dimensional isotropic systems in which a short range
attractive interaction competes with a long range repulsive interaction. As a result of the competition patterns
of stripes, bubbles and uniform states, are observed in dierent regions of the phase diagram. In order to
characterize the topological properties of the modulated structures we developed a technique that combines
the use of the Renormalization Group equations, from the classical melting theory (KTHNY theory), with a
suitable Density Functional theory. Such scheme allows us to construct the full topological phase diagram for the
systems under consideration. Interestingly the obtained program predicts scenarios unexpected by the classical
melting theory. Our results are then put it in the context of the ferromagnetic dipolar thin lms, allowing us
to predict a novel sequence of topological phases. Finally the eects of the re-entrant behavior of these systems
on its topological properties is studied in detail.
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Structural and Dynamical Analysis of a 2D Self-Propelled Soft Disks System
Herbson Espíndola Ribeiro, Fabrício Queiroz Potiguar
Universidade Federal do Pará

The self-assembly of interacting active disks trapped by two planar hard walls in a 2D system is investigated.
Motivated by earlier works, we employed active brownian dynamics simulation in order to analyze global and
local structures formed. In this respect, we discuss the emergence of self particles organization into stable
triangular lattice through the calculation of a global-bound orienta- tional order parameter (GBOOP) averaged
in time as well as its prole along to channel. Further, the emergence of structures arranged into lanes is an
imme- diate consequence of the space constriction caused by the channel. The ndings showed a closely relation
between a perfect laned state and local triangular lat- tice. Further, we observed a correlation between the
number of lanes formed and channel width. At rst sight, larger channels favor the emergence of lanes with
various gap" width among them. We saw that, for a given packing fraction and wall separation, one realizes
a better structural reorganization, very close to a triangular lattice, which was absent for other cases. We
attributed the lane formation in the bulk region to the repulsion from upper and bottom particles attached to
the walls. The uctuation of the total number of particles at the walls also is analyzed and its contribution for
the lane formation and structure is availed.
Keywords: Active disks; repulsive interaction; walls; lane formation.
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The Zeros of the Energy Probability Distribution - A New Way to Study Phase Transitions
B V Costa, L A S Mól, J C S Rocha
UFMG

We describe an iterative method to study the critical behavior of a system based on the partial knowledge
of the complex Fisher zeros set of the partition function. The method is general with advantages over most
conventional techniques since it does not need to identify any order parameter a priori. The critical temperature
and exponents can be obtained with great precision. The technique can easily be used to any model, classical
or quantum, once we can build the corresponding energy probability distribution. We suspect that the method
is consistent even for non-equilibrium systems. In this presentation we show how the technique works applying
it to several models. In particular, to demonstrate the power of the method we apply it to study the 6- and 10states Potts model in two dimensions, the anisotropic Heisenberg model in a magnetic eld in three dimensions
and the three dimensional Ising model. The method is iterative, so that, the transition temperature can be
approached at will. Besides that, the knowledge of the complete density of states is not required since we work
in a restricted range of energy. The advantage is that the polynomial representing the partition function has
fewer roots with its coecients ranging in a civilized, narrow region. (Our email: bvc@sica.ufmg.br)We thank
FAPEMIG for nancial support.
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Noise Renormalization in Stochastic Burgers Hydrodinamics
G.B. Apolinário, L. Moriconi, A. Saboia
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We study the intermittency problem in stochastic Burgers hydrodynamics, as manifested through the asymptotic
features of velocity gradient probability distribution functions (vgPDFs). Positive uctuations of the velocity
gradient ξ , connected to spatially smooth velocity eld congurations, are well understood sub-Gaussian random
variables. On the other hand, the existence of shocks leads to extremely intermittent negative velocity gradients,
which can be described by fat tailed probability distribution functions. An important point was made in
the analytical study of Balkovsky et al [1], where specic velocity eld congurations - the so-called viscous
instantons - were conjectured to be the dominant structures for a statistical account of large negative values
of ξ . On purely empirical grounds, it has been suggested that instanton predictions are meaningful in practice
only if one performs concomitant ad hoc modications (renormalization) of the external random force strength.
Our analysis is carried out within the Martin-Siggia-Rose (MSR) path-integral formalism, where the viscous
instantons are the essential modelling ingredients in the computation of fat vgPDF tails. We nd, in this
way, that noise renormalization provides a leading order correction to the saddle-point MSR action, as it can be
derived from a systematic cumulant expansion of uctuations around the instanton solutions and from extensive
numerical evaluations.
[1] E. Balkovsky, G. Falkovich, I. Kolokolov, and V. Lebedev. Intermittency of Burgers turbulence. Phys. Rev.
Lett. 78 1452 (1997)
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Quantum stochastic mechanics
Mário J. de Oliveira
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Ordinary stochastic phenomena are well described by the Fokker-Planck-Kramers (FPK) equation which accounts for the classical dissipative behavior in a thermal environment. Quantum dissipation, on the other hand,
cannot be explained by the classical FPK equation and requires an extension of the stochastic theory to the domain of quantum mechanics. The extension that we consider here is based on a quantum version of the classical
FPK equation, which is obtained by the canonical quantization of the classical FPK equation. The dissipation
and uctuation terms are chosen as to ensure that in equilibrium the system is described by the Gibbs state. An
expression for the quantum entropy production is also provided which properly describes quantum systems in a
nonequilibrium stationary state. We also consider the quantum FPK equation for a system with many degrees
of freedom, which is appropriate to describe a thermodynamic system in contact with one or several thermal
reservoirs, which serves as the basis for a quantum thermodynamics or more properly a quantum stochastic
mechanics. To this end it is necessary to dene the rate of entropy production for quantum system which is also
provided here. The approach is applied to several situations including a system of coupled harmonic oscillators
in contact with reservoirs at distinct temperatures, from which the entropy production rate and the quantum
thermal conductance are obtained.
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Solvent-dependent critical properties of polymer adsorption
João A. Plascak
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Advanced chain-growth computer simulation methodologies have been employed for a systematic statistical
analysis of the critical behavior of a polymer adsorbing at a substrate. We use nite-size scaling techniques to
investigate the solvent-quality dependence of critical exponents, critical temperature, and the structure of the
phase diagram. Our study covers all solvent eects from the limit of super-self-avoiding walks, characterized by
eective monomer-monomer repulsion, to poor solvent conditions that enable the formation of compact polymer
structures. The results signicantly benet from taking into account corrections to scaling.
In most previous studies only good solvent conditions were considered, i.e., the intrinsic interaction between
nonbonded monomers has been widely neglected. However, it is also important to understand how the scaling
behavior depends on the solvent conditions and their inuence on the transition properties as represented in
the phase diagram, parametrized by temperature and solvent quality.
In this work, we systematically study the solvent dependence of critical properties of the adsorption-desorption
(A-D) transition of linear, exible polymer chains grafted to a substrate. Our results aim at providing the
quantitative foundation for the understanding of the critical adsorption behavior of entire classes of hybrid
polymer-substrate systems. For this purpose, we utilize the similarity of the A-D transition with phase transitions in magnetic systems, and employ nite-size scaling theory for the characterization of the critical properties.
Corrections-to-scaling eects are considered as well to take into account the nite length of the simulated polymers chains.
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Optimal detrended uctuation analysis as a tool for the determination of the roughness
exponent of the mounded surfaces
Edwin E. Mozo Luis
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40170-115, Salvador, BA, Brazil
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Silvio C. Ferreira
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We present an optimal detrended uctuation analysis (DFA) [1] and apply it to evaluate the local roughness
exponent in nonequilibrium surface growth models with mounded morphology. Our method consists in analyzing
the height uctuations computing the shortest distance of each point of the prole to a detrending curve that
ts the surface within the investigated interval. We compare the optimal DFA (ODFA) with both the standard
DFA and nondetrended analysis. We validate the ODFA method considering a one-dimensional model in the
Kardar-Parisi-Zhang universality class starting from a mounded initial condition. We applied the methods to
the Clarke-Vvedensky (CV) model in 2 + 1 dimensions with thermally activated surface diusion and absence
of step barriers. It is expected that this model belongs to the nonlinear molecular beam epitaxy (nMBE)
universality class. However, an explicit observation of the roughness exponent in agreement with the nMBE
class was still missing. The eective roughness exponent obtained with ODFA agrees with the value expected
for the nMBE class, whereas using the other methods it does not agree. We also characterize the transient
anomalous scaling of the CV model and obtained that the corresponding exponent is in agreement with the
value reported for other nMBE models with weaker corrections to the scaling.
The authors acknowledge the nancial support of the CNPq. S.C.F. gratefully acknowledges the nancial
support of FAPEMIG. E.E.M.L. acknowledges the support by CAPES.
References:
[1] Edwin E. M. Luis, Thiago A. de Assis, Silvio C. Ferreira, Phys. Rev. E 95, 042801 (2017).
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Phase Transition in a Non-equilibrium System with Parity Conservation and Long-range
Branching with n=2 Osprings
Tainã Laíse, Fabiana C. Anjos, Marcelo Leite Lyra
Universidade Federal de Alagoas

In recent years, extensive studis of nonequilibrium lattice models exhibiting a second-order phase transition
from a active phase to a unique absorbing state have revealed that are not in DP - Directed Percolation -, in
special the BAW - Branching Annihilating Randon Walks. In the present work, we study the eect of long-range
interactions in branching process by Levy-ights in BAW with n=2 ospring in which the parity is conserved
modulo 2. This model is of great interest to the scientic community working in phase transitions and critical
phenomena, since it is expected to present a universality class that diers from that common DP. We investigate
the critical properties of this system using computational techniques and nite-size scaling. Through the Monte
Carlo simulation method, we analyzed the region of transition on linear nite lattices initially with a particle in
the origin. We estimate the critical point pc through the scale invariance of the particles density cumulant. After
nding pc , it was possible to determine the set of critical exponents that characterize the universal behavior
in the neighborhood of the second order phase transition. From such analysis, we found a set of exponents
in agreement with the already presented in the literature, besides new critical quantities which have not been
studied previously for systems with parity conservation and long range branching. Our results conrm that
the present model depicts a non-equilibrium phase transition that don't belong to the DP's universality class.
Therefore, we can assert that a new set of critical exponents arises from the eects of parity conservation and
long-range interactions [1,2,3,4,5].
[1] LAISE, T.; BARROS, P.; ARGOLO, C. and LYRA, M. L. Continuously varying critical order-parameter
uctuations in a parity conserving absorbing-state transition with long-range diusion. Journal of Statistical
Mechanics: Theory and Experiment, v.2016, n. 11, p. 113205, 2016.
[2] TAKAYASU, H.; TRETYAKOV, A. Yu. Extinction, survival, and dynamical phase transition of branching
annihilating random walk. Physical review letters, v. 68, n. 20, p. 3060, 1992.
[3]KWON, Sungchul; PARK, Hyunggyu. Reentrant phase diagram of branching annihilating random walks
with one and two ospring. Physical Review E, v. 52, n. 6, p. 5955, 1995.
[4]JENSEN, Iwan. Critical exponents for branching annihilating random walks with an even number of ospring.
Physical Review E, v. 50, n. 5, p. 3623, 1994.
[5]VERNON, Daniel; HOWARD, Martin. Branching and annihilating Lévy ights. Physical Review E, v. 63,
n. 4, p. 041116, 2001.

51

Encontro Nacional de Física Estatística / ID: 50-1 [NEQUI]

1

Three dimensional Diusive epidemic process: Nature and Phase transition
Vinicius Tenorio
Ifal
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The 3-dimensional diusive epidemic process(DEP 3D) is examined by means of Monte Carlo procedure. We
investigate the critical behavior of a stochastic lattice model describing the hopping of two species, particles
A and B , that undergo reactions B → A and A + B → 2B . We simulate the model dened on 3D lattice
and determine the threshold of absorbing phase transition, that is, the critical phase boundaries related to
the transition between an active state, where the species B exist and an absorbing state where B species is
extinct. Using steady state simulations and nite size scaling analysis we calculated the order parameter, order
parameter uctuations, correlation length and critical exponents for distinct values of control parameter, the
density of total particles in systems of up to 8 × 106 sites. Our steady state numerical results provided that
the critical exponents are not dierent from those of the directed percolation universality class for this model
and they may vary depending on the diusion of species A or B . For the three dierent values of hopping we
did not nd any rst order transition signature by the search of the presence of two peeks in frequency count
of order parameter at the critical point maybe signalizing the onset of weak rst order transition principally
for the case dA >> dB where this kind of transition is expected. All the regimes studied presented nice second
order transitions but we argue that for the specic case of dA >> dB the power laws change values abruptly
at the critical point and because of these reasons we can not rule out the possibility of a weak rst order
transition. Some of exponents we found vary, we tabulate all of them and we explain the reasons for that. We
also check the validity of the hyperscaling relation. We have also calculated the short-time relaxation dynamic
of the same quantities and determined their corresponding dynamical critical exponents. They are consistent
with the hyperscaling relation. We found that the perpendicular correlation exponent ν⊥ ≈ 0.65 predicted by
eld-theoretical arguments as ν⊥ = 2/D. Also, for the case dA = dB , the predicted exponent ratio that we
present β/ν⊥ = 1.44 is close to the calculated by same theory which shows β/ν⊥ = D−ε/8
and ε = 4 − D. Also,
2
the values of exponent of the order parameter we calculated were close to β ≈ 1 and they are in agreement to
the same theory for the three cases of diusion regime we studied.
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Universal and nonuniversal features in one-dimensional KPZ growth on expanding substrates
I. S. S. Carrasco, T. J. Oliveira
Universidade Federal de Viçosa

Recently, a considerable attention has been payied to the eects of the surface geometry on universal properties
of nonequilibrium interface growth. Substantially, theoretical, numerical and experimental works have demonstrated that the celebrated Kardar-Parisi-Zhang (KPZ) class splits into subclasses depending on whether the size
L of the active growing zone (aka the substrate) is xed (at) or expands in time (curved geometry). In the last
case, however, the spliting has been proven only for L(t) ∼ tγ with γ = 1, while the few existing analises of the
case γ 6= 1 are restricted to growth exponents, which are not geometry-dependent. Here we present results from
extensive numerical simulations of discrete models belonging to the KPZ class, deposited on one-dimensional
substrates which expands in time as L(t) = L0 + ωtγ , for several values of ω and γ . This includes even shrinking interfaces (ω < 0), inspired by recent experiments with ingrowing liquid crystal interfaces. We show that
the competition between the substrate enlargement rate (dL/dt = ωγtγ−1 ) and rate of increase of correlation
length parallel to substrate (dξ/dt ∼ t1/z−1 ) plays a key role in the asymptotic statistics. While in systems
with γ > 1/z the height distributions (HDs) are given by the Gaussian unitary ensemble (GUE) Tracy-Widom
(TW) distribution, for γ < 1/z the HDs is Gaussian in a roughness increasing steady state. Interesting, for the
special case γ = 1/z , a continuous family of distributions exists interpolating between Gaussian (for small ω )
and GUE (for ω À 1). Despite the agreement of the HDs with GUE for γ > 1/z , the (two-point) spatial and
temporal covariances are not universal, namely, they are γ -dependent. We also observe that shrinking systems
(for any rate) have the same statistics of at interfaces, in aggrement with recent experimental observations.
These results demonstrate that the substrate dynamics determines the subclasses, instead of the global surface
geometry. We acknowledge FAPEMIG, CAPES and CNPq by the nancial support.
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Modelling drug release using simple lattice models, Monte Carlo simulations and diusion
equation
Marcio Sampaio Gomes Filho, Fernando A. Oliveira, Marco A. A. Barbosa
Universidade de Brasília

Many pharmaceutical components, such as tablets, micro/nanoparticles, and others based on natural/synthetic
encapsulants and drugs, were developed with assisted computational design. Besides, mathematical modeling
and computer simulations can be useful for predicting release proles, assisting the design process of drug
delivery systems [1]. In this work we propose simple lattice gas models for investigating the release of drug
molecules from capsules covered with semi-permeable membranes. Release patterns were obtained through
Monte Carlo simulations and adjusted to the Weibull [2] semi-empirical distribution functions, i.e., stretched
exponentials, as usually done in real systems. The dependence of semi-empirically adjusted parameters with
porosity, size and dimensionality were investigated, with simple scaling were being found connecting the
characteristic time `τ ' and the `stretching parameter' b in terms of size and porosity. For systems without
membrane, analytical solution to the diusion equation were used to complement and guide simulations. We
discuss as well the possibility of another analytical approaches contrary to the main stream. [3]
[1] J. Siepmann and N. A. Peppas, Adv. Drug Del. Rev. 48 139 (2001).
[2] W. Weibull, J. Appl. Mech. 18 293 (1951).
[3] M. S. Gomes Filho, F. A. Oliveira, and M. A. A. Barbosa, Physica A 460, 29 (2016).
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Spatial organization, grouping strategies and cyclic dominance in asymmetric predator-prey
games
Alessandra F. Lütz, Jeferson J. Arenzon, Annette Cazaubiel
UFRGS - RS - Brasil, ENS - Paris - França

There is a myriad of strategies that predators utilize to increase their rate of success. Among them, prey may
be attacked in a cooperative, coordinated way, with the actions being correlated in space and time. Examples
include hawks, crocodiles, lions, spiders, etc, but despite these mounting evidences, much less attention has
been dedicated to model such behavior. The problem of coordinate hunting has been considered within a game
theoretical framework in which the abundances of prey and predators were assumed constant and only the
fraction of those populations using either an individual or collective strategy evolves [1]. The model takes into
account some of the advantages and disadvantages for both prey and predators choosing a grouping strategy.
More specically, it is assumed that grouping lowers the risk of predation at the cost of increasing the competition
for resources, while predators have a greater probability of success at the expense of having to share the prey with
others, sometimes referred to as the many-eyes, many mouths trade o. Preys and predators are modeled by
assuming that the interactions are independent of distance, a mean eld approach, and the temporal evolution
of both densities is described by Lotka-Volterra type equations.
A complementary approach, based on a less coarse grained description, locates individuals or groups in space
and considers that no interaction occurs beyond a certain distance from the focus individual. These local
interactions introduce spatial correlations that may translate into spatial organization favoring either grouping
or isolated strategies. Besides its richer behavior in the presence of spatial organization, we also show that the
coexistence phase in which collective and individual strategies for each group are present is stable because of an
eective, cyclic dominance mechanism [2,3] similar to a well-studied generalization of the Rock-Paper-Scissors
game with four species [4], a further exemple of how ubiquitous this coexistence mechanism is.
[1]
[2]
[3]
[4]

C.
A.
A.
A.

Lett, P. Auger and J. M. Gaillard, Theor. Pop. Biol. 65, 263 (2004)
F. Lütz, A. Cazaubiel and J. J. Arenzon, Games 8, 1 (2017)
Cazaubiel, A. F. Lütz and J. J. Arenzon, arXiv:1611.09624v1, J. Theor. Biol. (2017), in press
F. Lütz, S. Risau-Gusman and J. J. Arenzon, J. Theor. Biol. 317, 286 (2013)
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Role of uctuations in population dynamics patterns
EHF Colombo,C Anteneodo
PUC-Rio

The environment has a critical role in population dynamics and needs to obey certain conditions to support
population survival. System-environment interactions are intrinsically nonlinear and dependent on the interplay
between many degrees of freedom. Then, it is useful to resort to simplied models relying on eective stochastic
equations. The mathematical description of the spatial distribution of biological populations can be achieved on
a phenomenological mesoscopic level where system and environment properties are typied by means of a few
control parameters. The evolution of a population distribution is mainly ruled by processes such as reproduction
and (interspecic or intraspecic) competitions, which are usually mimicked by logistic-like expressions, together
with spatial dispersal, modeled by (normal or anomalous) diusion. Then, as a basic standard deterministic
model for the evolution of a single species population density, we consider the Fisher equation, which includes
the abovementioned factors. The environment certainly interferes in most of those processes. In order to include
its inuence, a natural consideration is to assume that there are noisy contributions from the environment, such
that the parameters of the basic model uctuate around their characteristic values. From this perspective, we
analyze stochastic generalizations of the nonlocal Fisher equation with spatiotemporal uctuations. We apply
analytical and numerical techniques to study how noise aects stability and pattern formation. Particularly,
we investigate noise-induced coherence by means of the complementary information provided by dispersion
relations and the structure functions.
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Empirical evidence reveals the phase diagram of vegetation patterns in Mediterranean drylands
Fernando Meloni, Gilberto M. Nakamura, Cristiano R. F. Granzotti,Alexandre S. Martinez
FFCLRP/USP

Drylands are important ecosystems with limited water resources. They are often subject to desertication.
Their ecological activities depend on spatial patterns formed by local vegetation. Nevertheless, the relation
with vegetation growth remains unclear. Using satellite images of a typical semiarid shrubland in Southern
Spain we collected images. After treating them to detected vegetation region and binarize them, we argue that
the vegetation cover (represented by black pixels) can be interpreted by means of a percolation process. We
use a static analysis that compares patch statistics in dierent spatial scales to study the vegetation patterns.
Our results indicate three distinct phases in the overall vegetation cover range, which ranges from 0 to 100%.
The spatial patterns of vegetation are separated by a rst-order phase transition that occurs around 40% and
a second-order phase transition occurs around 80%, in three dierent spatial scales. For the second-order
transition, we measured the corresponding critical exponents and determined novel relations between scaling
exponents. Our results reconcile conicting views about vegetation patterns in drylands and demonstrate that
dierent phase transitions coexist in the phase diagram of dry shrublands in Southern Spain. In addition, our
preliminary test with a distinct dryland (dry steppes from Uthah, US) supports the hypothesis of universality
classes to sort dierent drylands.
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Stochastic approach describing the dynamics of two biological species and niches
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We consider the dynamics of an ecological system in which dierent species can survive, develop and modify
dierent niches. That is, niches are dynamically modied by the presence of the species. Specically, we consider
two biological species whose individuals group themselves into colonies. In our four-state stochastic model each
site of a lattice can be occupied by one of the two types of species colonies, which we call type A and B. The
species colony A (B) proliferates and survives for a certain time in environment A (B) and eventually disappears
leaving a modied environment B (A). Thus in our model, each site of a lattice can be occupied by niche A
(state 1), or can be occupied by a colony A (state 2), or may be a site occupied by niche type B (state 3),
or can be occupied by a colony B (state 4). The local dynamics is cyclic and the model is microscopically
irreversible. Our analysis is founded in three approaches: Monte Carlo simulations of the four-state stochastic
model dened on a square lattice, mean-eld approximation, and a birth and death master equation. From this
last approach we obtain a description in terms of Langevin equations which show in an explicit way the role of
noise in population biology. We focus mainly on the description of time oscillations of the species population
and the alternating dominance between them. The treated model is a simple but non-trivial model that can be
useful for qualitatively describing some basic elements and characteristics of a real ecosystem.
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Connement Mediated Dynamic Networks and Communities
Eder Schneider, Sebastian Gonçalves
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We present a dynamic model for network transformation mediated by connement. Starting from an Erdos Renyi
network, nodes are randomly selected to be temporarily conned in a process controlled by two parameters: ps ,
the relative size of the connement and pf , the rate of nodes that go in and out of the connement. Conned
nodes tend to form new links between themselves while loosing connections with the rest of the network. As the
network evolves, a series of non trivial network characteristics emerge: The formation of a stable heterogeneous
degree distribution similar in form to empirical networks, an increasing clustering coecient which depends
only on the parameters of the model, and the emergence of communities outside the conned space. This
model diers from the traditional algorithms used to create modular networks (benchmarks) as there is no
arbitrary denition of the number of modules, neither any node meta-data dening it as member of a particular
community. Modules emerge as a result of the dynamics while nodes can move between them as connections are
rewired. The model is intended as a demonstration of a simple network dynamics, yet with direct connection
with real world parameters, giving rise to complex network structures of interest. The relation with evolving
criminal networks which was the initial motivation for the model as a result of incarceration is discussed.
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Driven ow with exclusion and spin-dependent transport in graphenelike structure
S. L. A. de Queiroz
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We present a simplied description for spin-dependent electronic transport in honeycomb-lattice structures with
spin-orbit (SO) interactions, using generalizations of the stochastic non-equilibrium model known as the totally
asymmetric simple exclusion process (TASEP).
The TASEP, in its one-dimensional version, already exhibits many non-trivial properties because of its collective
character. It has been used, often with adaptations, to model a broad range of non-equilibrium physical
phenomena, from the macroscopic level such as highway trac to the microscopic, including sequence alignment
in computational biology and current shot noise in quantum-dot chains. Here we focus on modeling the behavior
of spin polarization in graphene-like quasi1D geometries, in the presence of SO couplings. Although the eective
strength of intrinsic SO coupling in graphene is estimated to be very small, doping with suitable impurities can
result in samples where SO interactions are more signicant in specic neighborhoods next to impurity locations.
Mean eld theory and numerical simulations are used to study currents, density proles and current polarization in quasi- one dimensional systems with open boundaries, and externally-imposed particle injection (α and
ejection (β ) rates. We investigate the inuence of allowing for double occupancy, according to Pauli's exclusion
principle, on the behavior of the quantities of interest. We nd that double occupancy shows strong signatures
for specic combinations of rates, namely high α and low β , but otherwise its eects are quantitatively suppressed. Comments are made on the possible relevance of the present results to experiments on suitably doped
graphenelike structures.
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A multifractal model for the velocity gradients dynamics in turbulent ows
Rodrigo M. Pereira

Departamento de Física, Universidade Federal de Pernambuco, Brasil

Luca Moriconi

Instituto de Física, Universidade Federal do Rio de Janeiro, Brasil

Laurent Chevillard

Laboratoire de Physique, École Normale Supérieure de Lyon, France

We develop a stochastic model for the velocity gradients dynamics along a Lagrangian trajectory. Compared to
dierent attempts proposed in the literature, the present model gives a multifractal realistic picture of velocity
gradient statistics at any Reynolds number, at the cost of introducing a free parameter known in turbulence
phenomenology as the intermittency coecient. To achieve this level of accuracy, we use as a rst modelling
step a regularized self-stretching term in the framework of the Recent Fluid Deformation (RFD) approximation
that was shown to give a realistic picture of small scales statistics of turbulence only up to moderate Reynolds
numbers. As a second step, we constrain the dynamics, in the spirit of Girimaji & Pope (1990), in order to
impose a peculiar statistical structure to the dissipation seen by the Lagrangian particle. This probabilistic
closure uses as a building block a random eld that fulls the statistical description of the intermittency,
i.e. multifractal, phenomenon. To do so, we dene and generalize to a statistically stationary framework a
proposition made by Schmitt (2003). These considerations lead us to propose a non-linear and non-Markovian
closed dynamics for the elements of the velocity gradient tensor. We numerically integrate this dynamics
and observe that a stationary regime is indeed reached, in which (i) the gradients variance is proportional
to the Reynolds number, (ii) gradients are typically correlated over the (small) Kolmogorov time scale and
gradients norms over the (large) integral time scale (iii) the joint probability distribution function of the two
non vanishing invariants Q and R reproduces the characteristic teardrop shape, (iv) vorticity gets preferentially
aligned with the intermediate eigendirection of the deformation tensor and (v) gradients are strongly nonGaussian and intermittent, a behaviour that we quantify by appropriate high order moments. Additionally, we
examine the problem of rotation rate statistics of (axisymmetric) anisotropic particles as observed in Direct
Numerical Simulations. Although our realistic picture of velocity gradient uctuations leads to better results
when compared to the former RFD approximation, it is still unable to provide an accurate description for the
rotation rate variance of oblate spheroids.
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Small-Scale Conformal Behavior of the Two-Dimensional Kardar-Parisi-Zhang Model
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The paradigmatic Kardar-Parisi-Zhang (KPZ) (2+1)-dimensional model of interface growth is known to be
purely linear and diusive at small scales, with two-dimensional time slices of the height eld φ(x1 , x2 , t)
described by a conformal eld theory of unit central charge. Resorting to previous heuristic studies based on
Schramm-Löewner Evolution (SLE) curves, the KPZ nonperturbative infrared xed point has been conjectured
to fall in the conformal universality class of vanishing central charge. In this work, we investigate the central
charge ow of the KPZ model in the ultraviolet perturbative region by entirely analytical means. Our approach
is based on the doubled-eld method introduced by one of us [L. Moriconi and M. Moriconi, Phys. Rev. E
81, 041105 (2010)], as a way to investigate conformality in stochastic two-dimensional dynamical systems. The
essential computational strategy of the doubled-eld method consists in the denition of a local model (at the
cost of additional extra elds) which does not fall out of the critical universality class of the original model.
At variance with the c-theorem (which, in fact, holds for unitary theories) the KPZ central charge is found to
initially grow as the infrared domain is approached. We put forward a natural physical interpretation of the
length scale where the central charge is maximal, as the point where non-linear eects become large enough for
the production of instabilities in the ow dynamics of the height-gradient eld (∂1 φ, ∂2 φ).
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Thermal conduction for non-harmonic chains under athermal baths
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The thermal conduction properties for one-dimensional, harmonic chains present a series of singularities and
odd behaviors. The presence of pinning can soften some of that behavior. A number of interesting transitions
occur, simultaneously with a very characteristic vanishing of the velocity-velocity hetero-particles correlations
(VVC) in the system. In fact that vanishing is a characteristic of equilibrium distributions.
We are interested in changing the model to a more realistic setting, while still keeping the dimensionality. The
system we use is non-linear, FPU-β -like, non-momentum conserving and coupled to thermal, and athermal,
heath baths. Some of the previous behavior stays, but a great deal of it is changed. In fact, temperature
plateaus and simultaneously vanishing VVC go away. However, new physical results could be obtained for the
one dimensional chain.
We are able to calculate analytically, and numerically, macroscopic heath currents that substantially dier from
the harmonic case, including apparent violations of the second law of thermodynamics. These are due to the
nature of athermal reservoirs, which are non-equilibrium reservoirs all by themselves. The presence of multiple
non-zero cumulants guarantees that the Poissonian noise function will behave as multiple heat rerservoirs. We
exploit that invert the ux of heat to make it go from the athermal Poissonian (cold) to the thermal Gaussian
(hot) one.
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Grand-canonical solution of a mixed lattice gas with point-like and hard-cubic particles on a
Husimi lattice
N. T. Rodrigues, T. J. Oliveira
Universidade Federal de Viçosa

Lattice gases (LG) have long been used for modeling the behavior of several systems, with special application
in the study of the thermodynamic behavior of uid systems. Even the simplest LG models, featured only by
innite excluded volume interactions between identical particles, are known to present uid-solid transitions,
provided that the particle sizes are larger than the lattice constant. Such athermal LG models have been
extensively studied in several lattices, for dierent ranges of repulsion, i.e., until rst (1NN), second (2NN)
neighbors and so on. Hard-lattice gases with mixture of particles, on the other hand, are far less explored, despite
their appeal to model more complex uids. As far as we know, only the case with point-like particles (0NN)
mixed with 1NN ones was investigated on the triangular and square lattices, displaying rich phase diagrams
and, in the last case, thermodynamic anomalies. In this work, we investigate a mixture of hard-cubes (exclude
until their second neighbors - 2NN) with point-like particles (exclude only the sites where they are placed). We
solve this model on a Husimi lattice built with cubes (mean-eld for a cubic lattice), using the grand-canonical
formalism, so that activities z1 and z2 are associated with small and large particles, respectively. For z1 = 0,
when only 2NN particles exist, a discontinuous transition is found between an isotropic gas" (G) phase and an
ordered solid" (S) phase, in agreement with previous Monte Carlo simulations of this single particle model. By
increasing z1 , this transition is still present, giving rise to a G-S coexistence line, which ends at a triple point.
For large enough z1 , another isotropic liquid" (L) phase becomes stable, whose density is larger than that of
the gas phase in the region where they coexist. The G-L coexistence line starts at the triple point and ends in a
critical point. The liquid phase also coexists with the solid one, and the L-S coexistence line meets the G-S and
G-L ones at the triple point. It is remarkable that a so simple athermal model can yield a three-phase diagram,
quite similar to the one for the water. Indeed, it presents also a density anomaly, characterized by a minimum
in the isobaric curves for the total density of particles. Interesting, the line of minimum densities starts inside
the gas phase ends in a metastable critical point, located deep inside the supercooled" region.
We acknowledge FAPEMIG and CAPES by the nancial support.
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A Lorentz invariant velocity distribution of a relativistic gas
Evaldo M. F. Curado, Felipe T. L. Germani, Ivano Damiao-Soares
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We examine the problem of the relativistic velocity distribution in a 1-dim relativistic gas in thermal equilibrium.
We use numerical simulations of the relativistic molecular dynamics for a gas with two components, light and
heavy particles. However in order to obtain the numerical data our treatment distinguishes two approaches in
the construction of the histograms for the same relativistic molecular dynamic simulations. The rst, largely
considered in the literature, consists in constructing histograms with constant bins in the velocity variable and
the second consists in constructing histograms with constant bins in the rapidity variable which yields Lorentz
invariant histograms, contrary to the rst approach. For histograms with constant bins in the velocity variable
the numerical data are tted accurately by the Juttner distribution which is also not Lorentz invariant. On
the other hand, the numerical data obtained from histograms constructed with constant bins in the rapidity
variable, which are Lorentz invariant, are accurately tted by a Lorentz invariant distribution whose derivation
is discussed in this paper. The histograms thus constructed are not tted by the Juttner distribution (as they
should not). Our derivation is based on the special theory of relativity, the central limit theorem and the
Lobachevsky structure of the velocity space of the theory, where the rapidity variable plays a crucial role. For
small velocities the distribution tends to the Maxwell-Boltzmann distribution.
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Time series analysis aim to allow the proper characterization of dynamical systems based on measures obtained
from their outputs. Here we present a new diagnostic tool for time series analysis based on the concept
of information entropy, in which probabilities are associated to microstates dened on the recurrence phase
space. Recurrence properties can properly be studied using recurrence plots, a methodology based on Poincaré
Recurrence Theorem where trajectories in an embedded phase space are evaluated to determine their recurrence
events in time. One of the most recent tools on this topic is the recurrence plot technique. While the recurrence
plot (RP) method has natural limitations as a visual technique, the recurrence quantication analysis (RQA)
overhauled such issues by directly extracting features from RP (e.g. vertical lines, diagonal lines, density of
recurrent, diagonals entropy or non-recurrent points). The classical methodology using entropy concept with
recurrences has some conceptual drawbacks, that this new method addresses with several advantages from
the traditional entropies, namely, weak dependence on parameters, proper evaluation of periodic time series
properties, controllable sensitivity to the noise level of a time series. This methodology is here applied to some
classical dynamical systems while compared to other methodologies, weather and biological signal data.
Financial Support: FAPEMIG,UFVJM
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A thermo-comparative analysis of co-movements in economical indexes
Henio Rego
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The challenge to analyze the synchronization between stock market returns has recently calling the attention
of economists, physics and mathematical researchers due to the complex nature of its dynamical collective
behavior. While some pair relations among the stock markets can be explained by basic, relatively simple rules,
the global features that spans from the whole nancial system may be hard to describe, very often presenting
long-correlations, cascading eects, non-stationary, and many others. In this work we used a novel tool called
"thermos-comparative analysis", based on thermodynamical and statistical concepts, to quantify the relative
performance between dierent stock market indexes worldwide. We study a number of stock indexes and
examined the typical co-movements of the markets in dierent time scales in several periods of time and, by
using the thermocomparative analysis tool, we examine some common features across the markets that may
distinguish their previous and/or upcoming dynamics. We found that the tool can be specially useful when
performing the behavioral analysis of markets in a short to medium time lag - between 2 to 24hs. In such a
window of time, we were able to nd a very clear similarity in the dynamics of some markets, indicating a
correlation among them.
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Universal and non-universal behavior of the length of longest increasing subsequences of
random walks
J. Ricardo G. Mendonça

Universidade de São Paulo

The longest increasing subsequence (LIS) problem is to nd an (weakly or strictly) increasing subsequence of
maximum length of a given nite sequence of n elements taken from a partially ordered set. The most venerable
problem of this kind is that of determining the LIS of a random permutation. Very recently (∼ 2010), another
incarnation of the LIS problem has been posed: what is the behavior of the LIS of a random walk? In this work
we provide Monte Carlo estimates of the scaling of the length Ln of the longest increasing subsequences of n-steps
random walks for several dierent distributions of step lengths, short and heavy-tailed. Our simulations indicate
that, barring possible logarithmic corrections, Ln ∼ nθ with the leading scaling exponent 0.60 . θ . 0.69 for
the heavy-tailed distributions of step lengths examined, with values increasing as the distribution becomes more
heavy-tailed, and θ ' 0.57 for distributions of nite variance, irrespective of the particular distribution. The
results are consistent with existing rigorous bounds for θ, although in a somewhat surprising manner. For
random walks
with step lengths of nite variance, we conjecture that the correct asymptotic behavior of Ln is
√
given by n ln n, and also propose the form of the subleading asymptotics. The distribution of Ln was found
to follow a simple scaling form with scaling functions that vary with θ. Accordingly, when the step lengths are
of nite variance they seem to be universal. The nature of this scaling remains unclear, since we lack a working
model, microscopic or hydrodynamic, for the behavior of the length of the longest increasing subsequences of
random walks.
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All the possible formulations of quantum walks in the honeycomb lattice
marcos g e da luz, bruno f venancio
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Quantum walks is the dynamical quantum version of usual random walks in statistical physics. Along the
years it has been found many possible application, specially in quantum computing. But in spite of that, the
mathematical analysis of quantum walks usually do not take advantage of the many possible constructions
for the time evolution operators, made possible due to the topological features of a given network where the
evolution takes place. In this contribution, we explore such diversity by addressing the honeycomb topology.
Using symmetries arguments and topological properties we describe all the possible distinct formulations for
a scattering quantum walk (SQW) on this three-fold coordination lattice. For scattering quantum walks, the
dynamics is dened on the graph edges (lattice bonds) and at any time step the state suers scattering due
to the graph vertices (lattice sites). The presentation is organized as the following. We briey review the
general ideas of SQWs considering the simpler 1D case. We establish the necessary mathematical framework
(like dening local adaptable topological functions and exploring their properties) to construct SQWs for the
honeycomb lattice. Then, we derive ten distinct SQWs formulations by imposing that the lattice symmetry of
such structure should t the topological functions. Many numerical examples (using various scattering matrices)
are presented. Finally, possible applications are mentioned.
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The advantage of being slow: the quasi-neutral contact process
Marcelo Martins de Oliveira
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According to the competitive exclusion principle, in a nite ecosystem, extinction occurs naturally when two
or more species compete for the same resources. An important question that arises is: when coexistence is not
possible, which mechanisms confer an advantage to a given species against the other(s)? In general, it is expected
that the species with the higher reproductive/death ratio will win the competition, but other mechanisms, such
as asymmetry in interspecic competition or unequal diusion rates, have been found to change this scenario
dramatically. In this work, we examine competitive advantage in the context of quasi-neutral population models,
including stochastic models with spatial structure as well as macroscopic (mean-eld) descriptions. Here, we
employ a two-species contact process in which the "biological clock" of one species is a factor of α slower than
that of the other species. Our results provide new insights into how stochasticity and competition interact
to determine extinction in nite spatial systems. We nd that a species with a slower biological clock has an
advantage if resources are limited, winning the competition against a species with a faster clock, in relatively
small systems. Periodic or stochastic environmental variations also favor the slower species, even in much larger
systems.
The authors acknowledge FAPEMIG for the nancial support.

74

Encontro Nacional de Física Estatística / ID: 27-1 [CHAOS]

1

Eects of instability in the statistics of desynchronization of chaotic systems
Hugo L. D. de Souza Cavalcante, Gilson F. de Oliveira-Jr.
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Federal da Paraíba

When the chaotic attractor of a dynamical system contains regions of strong instability large events may be
triggered by stochastic uctuations or deterministic dynamics. The statistics of uctuations in such systems
are non-normal, and similar to the ones found in some complex systems, where large events occur, such as
big earthquakes, nancial markets, and neuronal networks. During the last few years we have focused in
establishing connections between the local instability present in the phase space of a chaotic dynamical system
and the statistics of its macroscopic uctuations. We study the statistics of desynchronization events in coupled
electronic circuits undergoing chaotic oscillation. These circuits may be constructed and analyzed experimentally
and are amenable to low-dimensional modeling. Here we present a review of the basic problem and our latest
contributions. In one set of experiments we change the shape of the chaotic attractor to avoid the region with
strong instability, and in another setup we change the value of the instability and measure the transversal
Lyapunov exponent of unstable periodic orbits embedded within the chaotic attractor to see how this quantity
aects the desynchronization statistics. Our results are consistent with the hypothesis that it is the local
transversal instability that drives the occurrence of the large desynchronization events.
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Sudden transitions in coupled opinion and epidemic dynamics with vaccination
Marcelo A Pires,André L Oestereich, Nuno Crokidakis
UFF - RJ - Brasil

This work consists of an epidemic model with vaccination coupled with an opinion dynamics. Our objective was
to study how disease risk perception can inuence opinions about vaccination and therefore the spreading of
the disease. Dierently from previous works we have considered continuous opinions. The epidemic spreading
is governed by a SIS like model with an extra vaccinated state. In our model individuals will vaccinate probabilistically. This probability will be proportional to their opinions. The opinions change due to peer inuence
in pairwise interactions. The epidemic feedback to the opinion dynamics acts as an external eld increasing the
vaccination probability. We performed Monte Carlo simulations in fully connected populations. Interestingly
we observed the emergence of a rst-order phase transition, besides the usual absorbing-active phase transition
present in the SIS model. Our simulations also show that with a certain combination of parameters, an increment in the fraction of the population that is pro vaccine has a twofold eect. It leads to smaller epidemic
outbreaks in the short term, but it also contributes to the survival of the infection in the long term. Our results
also show that it is possible that more eective vaccines can decrease the long-term vaccine coverage. This is
a counter intuitive outcome, but it is in line with empirical observations that vaccines can become a victim of
their own success.
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Robust chaos in NEMs devices
W.G. Dantas, A. Gusso, S. Ujevic
Universidade Federal Fluminense

Nanoelectromechanical Systems (NEMS) devices have several aplications among diferent technological purposes.
One of them is its use as a data encryptor for telecommunications. For that matter, a NEM resonator should
operate at a chaotic regime, preferably with a strong independece of the parameters which regulate its operation.
In this work, we present a proposal for a mechanical model capable to display a regime known as "robust
chaos", which means that the chaotic behavior is observed in a large domain of the space of parameters of
the model and, as well, on the initial condition choice. Our model is designed to describe the oscillations of
a suspended beam resonator with a double-sided electrode, both excited by AC and DC voltages operating in
diferent frequencies, but using values of those frequencies related by a xed ratio. Such mechanism reinforce
the appearence of the chaotic regime, sustaining it in a broad domain of the model parameters. Our goal is to
test this robustness considering the role played by the frequncies ratio and the values of the quality factor of the
resonator. The results will be present the usual analysis tools for chaotic systems, such as the large Lyapunov
exponent for the equation of motion, phase portraits and Poincaré sections, all of them numerically obtained
from a equation of motion describing the dynamical evolution of our model.
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A recently proposed methodology called the Horizontal Visibility Graph (HVG) [Luque et al., Phys. Rev. E.,
80, 046103 (2009)] that constitutes a geometrical simplication of the well known Visibility Graph algorithm
[Lacasa et al., Proc. Natl. Sci. U.S.A. 105, 4972 (2008)], has been used to study the distinction between
deterministic and stochastic components in time series [L. Lacasa and R. Toral, Phys. Rev. E., 82, 036120
(2010)]. Specically, the authors propose that the node degree distribution of these processes follows an exponential functional of the form P (κ) ∼ exp(λκ), in which κ is the node degree and λ is a positive parameter able
to distinguish between deterministic (chaotic) and stochastic (uncorrelated and correlated) dynamics. In this
work, we investigate the characteristics of the node degree distributions constructed by using HVG, for time
series corresponding to 28 chaotic maps, 2 chaotic ows and 3 dierent stochastic processes. We thoroughly
study the methodology proposed by Lacasa and Toral nding several cases for which their hypothesis is not
valid. We propose a methodology that uses the HVG together with Information Theory quantiers. An extensive and careful analysis of the node degree distributions obtained by applying HVG allow us to conclude that
the FisherShannon information plane is a remarkable tool able to graphically represent the dierent nature,
deterministic or stochastic, of the systems under study.
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Griths phases of spreading models on modular random scale-free networks
Wesley Cota, Silvio C. Ferreira
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Many substrates for epidemic spreading are well described by complex networks with a highly heterogeneous
structure, and many networks observed in nature have patterns of connectivity described by power-law (PL)
degree distributions. Critical phenomena are drastically altered by the presence of quenched disorder, which
produces locally supercritical rare regions which can be active for exceedingly long times even if the system is
globally in the absorbing phase. Conjunction of rare regions of considerable size R and the exponentially long
epidemic lifetime in these regions produces a slow relaxation to the absorbing stationary state in the subcritical
region, following power laws decays with non-universal exponents, a phenomenon called Griths Phase (GP).
It has been conjectured that GPs are possible only in networks with nite dimensionality, excluding therefore
random small-world networks, and that hierarchical structure is necessary. We showed that Griths eects can
appear in the form of power decays of the order parameter for an entire range of control parameters when a
large ensemble of independent nite size scale-free networks is investigated [1]. This result can be interpreted
as the limit of a non-hierarchical modular network with weakly connected modules of nite size. In this work,
we investigate the eects of modularity on the dynamical behavior of the susceptible-infected-susceptible (SIS)
model evolving in PL networks built from modules with uniform and power-law distribution sizes. We provide
numerical evidences that the modules act as eective rare-regions, active for exponentially long times as the
function of their sizes. As a consequence, extended regions of the control parameter with continuously changing
dynamical exponents were found in single realizations of modular networks. Network size dependence has been
found to disappear in the thermodynamical limit, suggesting real GP.

Financial support: FAPEMIG, CAPES and CNPq
[1] W. Cota, S. C. Ferreira, G. Ódor, Phys Rev. E. 93 032322 (2016)
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Anomalous diusion in epithelial cell migration
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In multicellular organisms, cell motility is central in all morphogenetic processes, tissue maintenance, wound
healing and immune surveillance. Hence, the control of cell motion is a major demand in the creation of articial
tissues and organs. Here, cell migration assays on plastic 2D surfaces involving normal (MDCK) and tumoral
(B16F10) epithelial cell lines were performed varying the initial density of plated cells. Through time-lapse
microscopy quantities such as speed distributions, velocity autocorrelations and spatial correlations, as well
as the scaling of mean-squared displacements were determined. We nd that these cells exhibit anomalous
diusion with q-Weibull speed distributions that evolves non-monotonically to a Maxwellian distribution as the
initial density of plated cells increases. Simulational results from a correlated random walk and the Vicsek
model of collective dynamics evidence that uctuations in cell velocity orientations are sucient to produce
q-Weibull speed distributions seen in our migration assays. Finally, although short-ranged spatial pair and
velocity correlations mark the formation of small cell clusters involving close neighbour cells, it seems that these
epithelial cells do not self-organize into collective motions when plated dispersedly on a rigid plastic substrate
in the absence of any extrinsic chemotactic gradient and mechanical cues. This result may have relevance for
tissue engineering and the design of materials to interact with cells because the properly colonization of rigid
prosthetic devices or inorganic interfaces by cells through self-organization is maybe hardly constrained.
Financial support: FAPEMIG, CNPq, and CAPES.
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Vector-borne diseases transmitted by Aedes Aegypti: linking modelling and epidemics data
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Nowadays, in addition to the Dengue fever, Zika and Chikungunya fever are important arboviroses transmitted
by the vector Aedes Aegypti. The association between the tragedy of microcephaly cases, whose epicenter is the
Northeast of Brazil, and the Zika epidemics calls the attention of the researchers with the aim of understanding
the dierent features of those transmitted diseases. Besides the vertical transmission of Zika virus, another
relevant feature is the complex dynamics resulted from the co-circulating dierent virus in the population
transmitted by the same vector: four serotypes of Dengue (DENV1, DENV2, DENV3 and DENV4), ZIKV and
CHIKV. Concerning its control, there are recent advances of dengue vaccine whose eciency is distinct for the 4
serotypes, but the emergence of Zika and Chikungunya diseases reinforce the importance of vector control. For
modelling researchers, the complex scenario of transmission lead to variety aspects to be analysed. In this talk,
we present some heterogeneous models to measure the coverage vaccination for Dengue and to investigate the
cross-immunity to heterologous serotypes of Dengue virus as well as of Zika and Chikungunya virus. Using the
actual dengue cases in dierent urban centers of Brazil, we calculate the force of infection and, as a consequence,
the basic reproductive number [1], based on an age-structured model [2]; assuming a continuous vaccination we
estimate which age group should be prioritized as well as the coverage vaccination to avoid epidemics process.
Using dengue data for dierent serotypes of some urban center in Central and South America [3], we also
calculate force of infection and the basic reproductive for a model with n co-circulating vírus [4], estimating
the coverage vaccination and the threshold parameter of cross-immunity for dengue serotypes. We intend to
do a similar analysis taking into account co-circulating vírus from actual data of Dengue and Zika epidemics in
Rio de Janeiro [5], as well as from the epidemics in Feira de Santana - Bahia, the rst city with diagnosis of
Chikungunya in Brazil.

References
[1]
[2]
[3]
[4]
[5]

Pinho, S.T.R. et al.; Phil. Trans. R. Soc. A 368 (2010) 5679-5693.
Tasman, H. et al.; Int. J. Math. Mathl. Sci. 2012 (2012) ID 236352, 15 pages.
Reiner, R. et al.; PNAS 111 (2014) E2694 - E2702.
Esteva, L.; Vargas, C.; J. Math. Biol. 46 (2003) 31-47.
Villela, D.A.M. et al.; Epidemio. & Infect. 145 (2017) 1649-1657.
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Communication Systems using Replica of Networks
Fabiano Alan Seram Ferrari, Warley Marcos Santos Alves
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Secure communication systems are a very important issue nowadays, they are widely used on internet, for
instance. These systems are developed to keep information safe from intruders, however, hackers are always
searching for errors and vulnerabilities that allow intruders to extract private or condential information from
the system. One way to develop secure communication system is using chaos and synchronization. In this
work we will present a new method to transmit information using the coupling between the network sites and
a signal S . This system requires two networks E (composed of sites e(1) , e(2) , ...) and R (composed of sites
r(1) , r(2) , ...), the networks are synchronized through the Replica of Networks Method [1], such their network
sites become equals, i.e., e(1) = r(1) , e(2) = r(2) , ... After they synchronize the networks are uncoupled in a way
they continue synchronized. The E network is given to the emitter and the R network is given to the receiver.
When the emitter couple a site to the signal function S it sends the value 1 and when the site is uncoupled it
sends the value 0. The receiver measures the presence or absence of signal in each site using a coupling detector.
In this work we will analyse three dierent possible coupling detectors: Transfer Entropy, Mutual Information
and Correlation Coecient. We will present results about eciency and robustness of our model. We thanks
FAPEMIG for partial nancial support.
[1] RM Smozki, FAS Ferrari, et. al.. Secure information transfer based on computing reservoir. Physical Letters
A, v. 377, p. 760-765, 2013.
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The networks of complex systems, which comprise many instances from dierent elds, usually exhibit heterogeneous structures dierent from the traditional regular architectures like Bravais lattices or complete graphs.
Nevertheless, as a system of many interacting bodies, statistical physics developed into the natural language in
the investigation of these so-called complex networks. The later, then, has been beneted from the application
and/or adaptation of many classical techniques and results, and, in particular, nonequilibrum statistical physics
has become a common tool to analyze the dynamics of networks.
In this work, the problem of monitoring the structure of a network with time will be examined. Concretely, the
analysis of the dynamical degree distribution is formulated as a path integral, which is the sum of all possible
trajectories between two degree states, and exemplied with the dynamical version of the Erd®s-Rényi and
Watts-Strogatz models (although the situation for complex networks are also discussed). In this context, the
time evolution of degree can be mapped into a performance of a random walk in a (bounded) degree space, and
the relevance of the rst-passage problem is considered. Concretely, the recurrence probability and the scaling
form (with the size of the system) of the mean rst return time are evaluated analytically.
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Critical exponents of the 2D hard disk calculated with short time Monte Carlo simulations
Andrey G. França, Fábio. L. P. Costa, Henrique A. Fernandes,Paulo F. Gomes
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Phase transitions and critical phenomena are important elds of research within statistical physics. One way to
characterize these phenomena is through the calculation of the critical exponents which can reveal if the system
belongs to a certain class of universality. Additionaly, the exponents can also quantify the value of the exact
point where the transition occurs.
Two-dimensional melting has long been studied due to its interesting phase transitions. For example, in three
dimensions the solid-liquid transition is of rst order and in two dimensions there is one intermediate phase (the
hexatic one) creating two transitions: from the liquid phase to the hexatic one and from hexatic phase to the
solid one. According to the Kosterlitz-Thouless-Halperin-Nelson-Young (KTHNY) theory, both transitions are
continuous. Two order parameters are used to dene theses phases are the positional and orientational orders.
The predictions of the KTHNY theory has been studied both experimentally and theoretically. With some
exceptions, the KTHNY predictions have been conrmed. The system of disks in two dimensions is the prototype
for the theoretical simulations using both Molecular Dynamics and Monte Carlo methods. The phase is dened
as function of the density: ratio of the sum of the disk area and the area of the domain. The common
procedure is to evaluate the system up to the equilibrium and then calculate the order parameters (positional
and orientational) to identify the phases for each density.
In this work we calculated the critical exponents of the 2D hard disk system with Event Chain Monte Carlo
time evolution through short time Monte Carlo simulations (we abort the simulation before the system reaches
the equilibrium). We obtained the statical exponents β and ν , and the dynamical ones z and θ, by following the
time evolution of the modulus of the orientational order parameter Ψn (with n = 1 or 2) with dierent initial
conditions.
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Characterization of the evolution of recrystallization by uctuation and fractal analyses of the
magnetic hysteresis loop in a cold rolled non-oriented electric steel
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Non-oriented steels, with low carbon, are widely used in the fabrication of electrical motor nucleus. The performance of these motors is aected by the level of recrystallization. These steels can come from the steel
plant in a semi-processed condition and have to be cold rolled and submitted to an adequate annealing heat
treatment in order to get appropriate magnetic properties, which are aected by recrystallization. The samples
considered, which had the composition (0.05wt% C, 1.28wt% Si, 0.29wt% Mn), cold rolled 70% in thickness,
were submitted to the temperatures of 575 and 600 o C with the objective of evaluating the evolution of recrystalization with temperature. Magnetic properties were measured at room temperature in a vibrating sample
magnetometer. Although the changes in magnetic hysteresis loop with temperature are dicult to observe,
they have been identied by using pattern classication techniques, such as principal-component analysis and
Karhunen-Loève expansion. These tools have been applied to vectors which are built from each hysteresis loop,
properly renormalized, whose components correspond to amplitude of the loop at given equally spaced values
of the renormalized eld interpolated between the experimental data. The pattern identication techniques
have also been applied to results obtained by preprocessing these vectors with the statistical uctuation analyses Hurst and DFA , and with the fractal analyses minimal cover and box-counting.The samples have been
classied in three sets, namely, set A corresponding to temperatures 575, set B corresponding to temperatures
600 and recrystallized samples, and set C corresponding to the samples without annealing heat treatment. The
results for the classication of the dierent microstructures have been obtained by applying the two pattern
classication techniques to the vectors which are built from the hysteresis loops and compared with the ones
obtained by applying them to the vectors which have been determined from the preprocessing tools. For the
training set of data, the average results, taken in a ensemble with a 100 randomly chosen sets of events, have led
to approximately a 100% success rate by using Karhunen-Loève expansion for both vectors. On the other hand,
the best average success rate obtained for the testing set was approximately 94%, when the Karhunen-Loève
expansion was applied to the vectors obtained from the preprocessing only.
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Fluctuation theorems and magnetic systems
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In this work we investigate some uctuation theorems, among them those proposed by Jarzynski and Crooks.
The basic idea behind these theorems is the relationship between the free energy dierence between two thermodynamic states of a system and the average work performed by an external agent in a nite time through
non equilibrium paths between the same thermodynamic states. We test the validity of these theorems through
free energy analytical calculations and simulations for out-of-equilibrium processes. In particular, we investigate
the one-dimensional Ising model, which presents an analytical solution, and compare it with integrations in an
ensemble of trajectories where the external control parameter can be a mechanical force, or the magnetic eld
applied to the system. The magneto-elastic model includes an harmonic coupling between nearest neighbor particles, and the eective spin hamiltonian contains an exchange coupling depending on the external force, besides
the usual Zeeman interaction with the eld. We consider some paths where both, the mechanical force and the
magnetic eld, change simultaneously along the path. We also look at the behavior of these theorems when
we cross rst and second order magnetic phase boundaries. In this case we consider a layered metamagnetic
model in two dimensions with intra-chain ferromagnetic interactions, and antiferromagnetic couplings between
adjacent chains. Depending on the ratio between the values of the ferro- and antiferromagnetic couplings, rst
and second order phase transitions appear in the phase diagram of the model in the plane temperature versus
external magnetic eld.
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Chaos and Classical Goldstone Modes in Systems with Long-Range Interactions
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We show that for systems with attractive long-range interactions and a periodic coordinate a classical Goldstone
mode exists and, in the presence of a spontaneous symmetry breaking of the equilibrium or a stationary state,
is exited by thermal uctuations, leading to a anomalous diusion of the center of mass (or center of inertia)
of the system with respect to the periodic coordinate. For periodic boundary conditions the position of center
of mass is ambiguous as a given particle position can be considered in dierent cells. For a inhomogeneous
stationary or equilibrium state this allows for jumps of the the center of mass position each time a particle
crosses the boundary of the unit cell. This motion is superdiusive and s the same. up to a factor 1/N, as the
anomalous diusion of the individual particles. This phenomena is at the source of the (smooth) transition from
weak to strong chaos observed in such systems, and why the Lyapunov exponent is greater for non-homogeneous
states when compared to homogeneous states. We discuss this phenomenology for the following systems: The
Hamiltonian Mean Field model where the periodic coordinates are the orientation angles of classical spins; The
Two-Dimensional self-gravitating system where the periodic coordinate is the angular position of the particles;
and the Free-Electron Laser models where the periodic coordinate is the phase of the motion of the electron
with respect to the wave.
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Active matter transport in ordered and random arrays of symmetric and asymmetric obstacles
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We report numerical results which show the achievement of net transport of self-propelled particles (SPPs) in the
presence of a two-dimensional ordered or random arrays of convex, asymmetric, rigid obstacles. In the present
model the repulsive interparticle (soft disks) and particle-obstacle interactions present no alignment rule. The
SPPs present a vortex-type motion around convex symmetric obstacles even in the absence of hydrodynamic
eects. Such a motion is not observed for a single SPP, but it is a consequence of the collective motion of SPPs
around the obstacles. A steady particle current is spontaneously established in an array of asymmetric convex
obstacles (which presents no cavity in which particles may be trapped), and in the absence of any external
eld. The conditions for the appearance of the particle drift are discussed. In addition, we also show that
the direction of the spontaneous particle current may be controlled according to the ordered or non-ordered
arrangement of the rigid asymmetric obstacles. The change in the direction of the particle current is related
to the microscopic mechanism driving the transport, which is modied according to the arrangement of the
obstacles in the stationary regime. Our ndings are mainly a consequence of the tendency of the self-propelled
particles to attach to solid surfaces.
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Nonextensive Characteristics in Seismic Distributions
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The understanding of seismic phenomena is of crucial importance in engineering, and in social, geophysical,
and geological sciences. Despite the vast existing knowledge about the seismic waves produced by landslides on
failures, much remains to be discovered about the dynamics responsible for these events. One way to improve
our understanding of seismic activity, is the analysis of temporal series of events, from which, the probability of
earthquakes occurrences may be calculated. Several studies have examined the phenomena under the viewpoint
of complex systems, where, from nonlinear interactions between the elements of a system, complex patterns
arise. In that direction, previous investigations, utilizing real data from seismic catalogs, and synthetic data
from earthquake models, have analyzed spatio-temporal properties of seismicity from the perspective of nonextensive statistical mechanics and also using complex theories. Aiming to improve the studies about the
seismic dynamics, in the present paper we have conducted spatial and temporal analysis of seismic data from
dierent regions and for the entire globe, and calculating their distributions of probabilities. Our results show
correlations between the nonextensive statistical mechanics and the seismic phenomena, both in space an time.
Previous works have shown nonextensive characteristics in seismic events, but only for small regions (e.g Japan
and California), while in this paper we have made a study for very large regions, more specically for the entire
globe. The emergence of seismical properties explained by the nonextensive theory, especially in large regions,
as the globe, reinforce the idea of temporal and spatial correlation between earhquakes, does not matter how
how far they are from each other.
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Phase diagram of the stacked contact process
Marcelo Martins de Oliveira
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The stacked contact process [1] describes the spreading of parasites within a population of hosts living on the
sites of a lattice. The hosts dynamics follows the rules of the basic contact process (CP), with individuals
reproducing to vacant neighbor sites at rate λ and dying at a rate of unity (regardless if they are healthy or
infected by a parasite). The infection is transmitted horizontally, from infected hosts to neighbor hosts, or
vertically, from infected parents to their ospring. This process characterises a multi species (or multi type)
contacted processes, coupled by the vertical transmission.
Apart from its interest as a simple model of parasitism including vertical transmission, the critical behavior of
the stacked-CP is attractive to the study of nonequilibrium universality classes. Extinction is an example of an
absorbing state, a frozen state with no uctuations [2]. Absorbing-state phase transitions have been a topic of
much interest in recent decades. In addition to their connection with population dynamics, they appear in a
wide variety of problems, such as heterogeneous catalysis, interface growth, and epidemiology [2].
The rst numerical studies of the stacked-CP revealed a rich phase diagram [1]. The host substrate in which the
parasites evolve is a disordered substrate. However, distinctly from quenched (time invariant) disorder obtained
by removing a fraction of sites from the dynamics [3] or by allowing random spatial variation of the creation or
annihilation rates [4], in the stacked-CP, it emerges as a consequence of the underlying dynamics of the system
and can be controlled by varying the rates. This naturally emerging disorder is not xed but varies in time and
space (in a fundamentally dierent process than the mobile disorder of [5,6]).
In this context, in this work, we investigate the nature of the phase diagram and characterize the critical
behavior of the stacked-CP in one spatial dimension.
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A Random Walk (RW) is a stochastic process formed by a succession of random steps and can be used to
represents some macro-or microscopic process. An important problem in the RW comes up when correlation
induced by memory is introduced in the process1 . This work proposes a new computational model of RW with
memory, whose walker presents a mixed memory prole (exponential prole and rectangular). The walker is
able to remember, with uniform probability, a certain amount B of recents steps, or past steps before B, namely
A, with exponentially decaying probability, so that A + B = tmax , the total number of steps . A fundamental
parameter p is introduced in order to represent the decision-making process of the system. For p < 0.5, the
walker behaves predominantly in an opposite way of what he (or she) did in the past, on the other hand, for
p > 0.5 the walker behaves predominantly in the same way as he (or she) did in the past. When p = 0.5, the
past does not inuence the walker's decision, making his (or her) decision completely at random. In general,
biological systems tend to restore a given normal condition with response opposite to the external stimulus, thus
we consider p < 0.5 the region of possible biological interest. The quantitative analysis of the diusive behavior
of the walker's movement, in our model, was performed by estimating the Hurst exponent as a function of the
parameter p, by variating the lengths A e B, for simulations with tmax in the interval [103 − 106 ] steps. We note
that there exist a regime transition, when B > tmax /2, from the diusive regime to the superdiusive regime,
for p > 0.7. By using experimental data we will be able to improve the model to better represents memory
processes in biological systems.
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We present an approach in order to study the integrable-chaotic transition in the Heisenberg spin model. We
consider three ways to break the integrability: presence on an external eld on a single spin, coupling of an
external random eld with each spin in the chain and next nearest neighbor interaction between spins. We
propose a transition described by the histogram behavior of spacing distributions. We also study the transition
through the noise associated to the power law behavior in the spectral density, i.e. S(k) ∝ 1/k α , where α = 2
for the integrable case and α = 1 for the chaotic case, with 1 < α < 2 for systems in the crossover regime.
The transition is also described by the behavior of the "burstiness" B and the Kullback -Leibler divergence
DLK (PW −D (s)|Pdata (s)), where PW −D (s) and Pdata (s) are the Wigner-Dyson and the system's spacing distribution respectively. The B coecient is associated to a sequence of events in the system. The Kullback-Leibler
divergence provides information on how two distributions dier from each other. From analyzing the behavior
of these three quantities, we obtain a universal description of integrable-chaotic transition in the spin chains.
This description is characterized by relations between the dierent quantities, used to explore the mentioned
transition, through crossover functions.
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Spin-1 frustrated ferromagnetic Heisenberg model in an easy-plane crystal eld on the simple
cubic lattice: A bosonic approach
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We examine the phase diagram of the spin-1 J1 − J2 − J3 ferromagnetic Heisenberg model with an easyplane crystal eld on the simple cubic lattice, in which J1 is the ferromagnetic exchange interaction between
nearest neighbours, J2 is the antiferromagnetic exchange interaction between next-nearest neighbours and J3
is the antiferromagnetic exchange interaction between next-next-nearest neighbours. Using the bond-operator
formalism, which is a bosonic approach, we determine the phase transition boundary among the disordered
paramagnetic phase, ferromagnetic and collinear antiferromagnetic ones. In a few words, within the framework
of the bond-operator theory, the spin Hamiltonian is mapped into a Hamiltonian of non-interacting bosons,
and continuous phase transitions are located when the energy gap vanishes. We show that the nature of the
quantum phase transitions is aected by frustration parameters (η = JJ12 , α = JJ31 ): for 0 ≤ α < 0.23, both
second- and rst-order transitions are present in phase diagram, by contrast, for α ≥ 0.23, only continuous
phase transitions are observed. Remarkably, we found a narrow nonmagnetic phase between ferromagnetic
and collinear antiferromagnetic phases, for 0.227 ≤ η ≤ 0.239, even in the absence of a crystal eld, which is
suggested to be a quantum spin liquid candidate. We also investigate the inuence of the crystalline anisotropy
as well as the frustration parameters on the critical temperature of the Heisenberg model. We nd that critical
temperature lines pass through a maximum upon increasing crystal eld, and then decrease toward the quantum
critical point.
The author thanks Fapemig for nancial support.
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Fractal structures in the chaotic motion of charged particles in a magnetized plasma under the
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Chaotic dynamics in open Hamiltonian dynamical systems typically presents a number of fractal structures in
phase space derived from the interwoven structure of invariant manifolds and the corresponding chaotic saddle.
These structures are through to play an important role in the transport properties of particles and energy
related to the chaotic motion. Such properties can explain some aspects of the non-uniform nature of the
anomalous transport observed in magnetically conned plasmas. Accordingly we consider a theoretical model
~ ×B
~ drift motion of
for the interaction of charged test particles with drift waves. The model presents the E
the guide center of the charged particles interacting with two electrostatic waves conned in the peripheral
region of the plasma in tokamak. In order to characterize the transport of particles, we observe the exit basins
considering the tokamak wall being an exit and others positioned inside in the phase space. We describe the
exit basin structure of the corresponding chaotic orbit in phase space and interpret it in terms of the invariant
manifold structure underlying chaotic dynamics. As a result, the exit basin boundary is shown to be a fractal
curve, by calculation of dimension of the fractal structure. Moreover, when there are more than two basins,
we verify the existence of the Wada property, an extreme form of fractality and we show qualitative as well as
quantitative evidences of these properties.
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For a certain class of three-dimensional dissipative dynamical systems, the Shilnikov theorem predicts the occurrence of complex dynamics near homoclinicity whenever the associated saddle-focus xed point has linearized
eigenvalues (λ1 , −λ2 ± iω) satisfying the condition |λ2 /λ1 | < 1. Characteristic features of these systems include
spiking, period-doubling bifurcations, period-adding sequences and chaotic oscillations. In recent years, spiral
structures of nested period-adding and chaotic solutions were unveiled in phase diagrams, which are color-coded
projections of a characteristic Lyapunov exponent onto a planar subset of the systems parameters. The eye of
the storm in one such spiral is called a periodicity hub. Here, the chaotic behavior near a periodicity hub is
characterized in ve dierent three-dimensional sets, namely, the paradigmatic Rössler system, the RosenzweigMacArthur predator-prey model, a semiconductor laser model, the Gaspard-Nicolis chemical oscillator and the
Nishio-Inaba electronic circuit. From return maps of local maxima in a selected dynamical variable in each
system, distinct one-dimensional maps were found in the analysis. By rescaling the data and assuming full ergodicity in the unit interval, excellent ts to the ubiquitously U-shaped invariant densities are obtained through
weighted combinations of the celebrated beta and Kumaraswamy distributions. Physical experiments in an
electronic circuit which mimics the Rössler system exhibit results which are in good agreement with the ones
numerically found.
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Four states epidemic model in the universality class of the random transverse eld Ising
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The study of epidemic models and their critical properties has been an active research area. Here we analyze
the critical properties of a four states epidemic model by a mean eld pair approximation, which is a technique
that takes in consideration the correlation between nearest neighbors, and by Monte Carlo simulations on a
cubic lattice. The mean eld pair approximation solution suggests that this model spreads the infection in two
dierent steps. The rst step decides which sites can be infected, and the second step spreads the infection
among those sites. Comparing these mean eld equations with those of the Susceptible-Exposed-Infected (SEI)
model and the Contact Process (CP), we conclude that the rst step generates clusters according to the SEI
rules and the second simulates the CP in those clusters. Since the SEI model is in the Dynamical Percolation
universality class, this mean eld solution suggests that this four states epidemic model should be in the same
universality class of the CP with quenched disorder, which is expected to be in the random transverse eld
Ising (RTFI) universality class. The RTFI features an exotic critical point where disorder grows without limit
with increasing length scale. This so-called innite-randomness critical point displays a logarithmic slow growth
instead of common power law. By performing Monte Carlo simulations near the critical point, we are able to
verify the logarithmic behavior and estimate the critical exponents which seems to be compatible with those in
the random transverse eld Ising model.
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In recent years, the study of kinetic or nonequilibrium systems has grown considerably, making them a fruitful
subject in some branches of the biological, nancial, social and applied sciences. Directed percolation (DP)
is an important case of nonequilibrium critical phenomena whose class cover other interesting models with
universal exponents. Systems belonging to DP universality class exhibit a continuous phase transition from
an active phase to an absorbing phase. The absorbing phase represents states in which, once reached, the
systems become trapped and can not escape. One of the system used to study directed percolation is related
to surface reaction models. For example, in 1986, Zi, Gulari, and Barshad devised a stochastic model that
describes some nonequilibrium aspects of the catalytic reaction of carbon monoxide and oxygen to produce
carbon dioxide (CO + O → CO2 ) on a surface. In addition this system exhibits continuous and discontinuous
phase transitions. Several works have shown that its critical point belongs to the DP universality class. After
its advent, a number of authors have proposed some modied versions of the ZGB model in order to obtain
more realistic systems of actual catalytic processes. For instance, it was modied to include CO desorption,
diusion, impurities, attractive and repulsive interactions between the adsorbed molecules, surfaces of dierent
geometries and with hard oxygen boundary conditions, etc. In this work we revisited the Zi-Gulari-Barshad
model to study its phase transitions and critical exponents through time-dependent Monte Carlo simulations.
We use a method proposed recently to locate the nonequilibrium second-order phase transitions and that has
been successfully used in systems with dened Hamiltonians and with absorbing states. This method, which is
based on optimization of the coecient of determination of the order parameter, was able to characterize the
continuous phase transition of the model, as well as its upper spinodal point, a pseudocritical point located near
the discontinuous phase transition. The static critical exponents β , νk , and ν⊥ , as well as the dynamic critical
exponents θ and z for the continuous transition point, were also estimated and are in excellent agreement with
results found in literature.
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Large desynchronization events that occur in coupled chaotic oscillators can be associated with extreme events
appearing in complex systems, such as nancial markets, earthquakes and neurological networks. Coupled
oscillators can exhibit intermittent desynchronization events in a regime called attractor bubbling, where the
synchronized state is interrupted by brief bursts of varying amplitudes. This regime occurs when unstable
objects embedded in the chaotic attractor have positive transversal Lyapunov exponent while the whole system
has a negative one. The desynchronization events follow a non-normal statistical distribution, which is a power
law for small-amplitude events and nishes with a peak for large events (dragon kings). Power-law events
are scale free, i.e., events of arbitrarily sizes are caused by the same dynamical mechanisms leading to an
impossibility of forecasting. While dragon-king events possess distinct formation mechanisms, possibiliting the
forecast. Cavalcante and et. al. [1] show that it is possible to predict in real time when a dragon king will occur
in a specic system. Our goal is to improve the method to detect dragon-king events using our knowledge of
the structure of the phase space in the vicinity of the unstable object embedded in the chaotic attractor.
[1] H. L. D. de S. Cavalcante, M. Oriá, D. Sornette, E. Ott, and D. J. Gauthier, Phys. Rev. Lett. 111, 198701
(2013).
[2] G. F. de Oliveira Jr, H. L. de Souza Cavalcante, O. di Lorenzo, M. Chevrollier, T. P. de Silans, and M. Oriá,
Phys. Rev. E 93, 062209 (2016).
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Scaling and dynamical properties for a one-dimensional impact system with two periodically
vibrating walls
Andre L. P. Livorati
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We investigate the dynamics of a system composed of a particle suering impacts between two heavy periodically
vibrating walls [1]. The dynamics of our proposed impact system is described by an original, nonlinear and
area preserving mapping, which has four nonlinear terms and three control parameters and makes the mapping
unique among similar impact dynamical systems present in the literature. The phase space presents mixed
properties. The control parameters of amplitude of perturbation and frequency of oscillation play an important
role in the phase space, shaping the portion of chaotic seas, position of invariant curves and the amount of KAM
islands, also the ratio between frequencies of oscillation, inuences the number of islands and the size of the
chaotic sea. The behavior of the root mean square velocity was investigated, where an analytical description
of its evolution was made. Our numerical simulations lead us to propose scaling arguments to describe the
dynamics of the root mean square velocity. At the end, an universal collapse for these curves was obtained,
which gives validity to our scaling hypothesis. Also, an analysis concerning the diusion coecient was made
and shows a remarkable agreement with the analytical argument obtained by the investigation of the root mean
square velocity as a function of the control parameters. Such agreement gives robustness to the modeling of our
dynamical system.
[1] André L. P. Livorati, Phys. Lett. A, 381, 2214, (2017).
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Nematic phase transition in the Ising model with competing interactions in an external eld
Marcus Vinicius Silva Santana, Daniel Adrián Stariolo
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An extension of the Ising model in a square lattice, also know as J1 − J2 model, is an Ising model with nearestneighbor (NN) ferromagnetic and next-nearest-neighbor (NNN) anti-ferromagnetic interactions. This model
exhibits two dierent phases: a stripes one below a critical temperature (Tc ) and a saturated paramagnetig
above Tc , for dierent values of the |J1 /J2 | parameter, where J1 is the intensity of (NN) interaction and J2 is
the intensity of (NNN) interaction.
Including an external eld and dening an orietational order parameter (OOP) to compute orientational order
in one direction (horizontal or vertical), the existence of nematic phase is observed. This is an intermediate
phase, occurring between a stripes and an saturated paramagnetic phases when changing a external eld at
constant temperature.
The T × h phase diagram for this model shows dierent phases separated by a transition line. At present, the
nature and universality class of the nematic-isotropic transition is unknown.
In this work, we use Monte Carlo method with single spin ip. Varying the external eld for xed temperature
values and simulating several lattice sizes we study the transition from nematic to saturated paramagnetic, in
order to compute the critical exponents and how these exponents change along to the critical line in T × h phase
diagram.
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The study of the properties for nonlinear systems has been of interest of several authors along the decades.
Sometimes these properties are associated with cascades of bifurcations of dynamical systems that describe
mathematically natural phenomena. The convergence to asymptotic steady state in Hassell mapping is characterized by considering a phenomenological description supported by numerical simulations and conrmed by
a theoretical description. Dened the map, as the control parameter is varied, bifurcations in the stationary
points appear. We aim study the convergence to the xed point when we are at the transcritical bifurcation.
Moreover, we can suppose three scaling hypotheses to analyze the convergence to the xed point, consequently,
with these three scaling suppositions allow us to describe the behavior of the system as a homogeneous function
and we can relation our three exponents in a single scaling law. The exponents are also used to rescale the
variables of the system such that an overlap all curves of decay are put into a universal plot, validating our
exponents. Near the bifurcation the decay to the xed point is exponential with a relaxation time given by a
power law, which the slope is independent of the nonlinearity. The formalism is general and can be extended
to other dissipative mappings.
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Dynamics of populations that compete for the same source of food
Denis Gouvêa Ladeira, Marcelo Martins de Oliveira
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The study of the dynamics of two populations that compete for the same source of food is conducted in terms
of a system of three coupled dierential equations that describes the rates of change of populational density of
each specie and of the density of food. We regard the situation where the source of food presents a periodic
term, which simulates the seasonally eects in the amount of available food. The system is modeled regarding
that the probability of each specie to nd food in a certain unit of time obeys a Poisson distribution in the
following way. First, associated to the probability of the species do not nd food in a time interval, the rate
of change of each population presents a negative term that simulates death of a part of the population due to
starvation. Second, the rate of change of each population is not aected by the probability of populations to nd
an unit of food in an unit of time. Related to this probability the rate of variation of the food density exhibits
a negative term. Thus we simulate the situation where the specimens feed theirselves with one unit of food at
that time unit, representing the amount of food needed to mere survival. Third, associated to the probability
of the individuals to nd two or more units of food in a time interval, we regard that the population feed itself
with two units of food and breed according to a specic rate for each population. We show that, depending on
parameters reproduction rates, eciency of nd food and the resistance to starvation of each specie, there are
two scenarios: i) the one where the most adapted population prospers while the other extinguishes and ii) the
scenario where both species coexist competing. The second scenario is possible when the skills and deciencies
of a specie (values of parameters) present a balance with the skills and deciencies of the other specie. For
example, a specie can be more proliferative while the other can be more ecient to nd food in such way that
both species coexist. Depending on the parameters values the populational dynamics is periodic or chaotic.
The populational dynamics is characterized in terms of bifurcation diagram and evaluation of the Lyapunov
exponents in parameters space. Financial Support: FAPEMIG
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The statistical description of dynamic systems, more specically many particle Hamiltonian systems, is full
of Gaussians. The origin of these distributions is closely related to Boltzmann's molecular chaos hypothesis.
These chaotic systems, or strongly chaotic systems, to be more precise, are characterized by positive Lyapunov
exponents, and exhibit exponential divergence of arbitrarily close orbits. Otherwise, there are systems whose
divergence from arbitrarily close orbits is slower than an exponential relation,  typically power laws , due
to long-range spatial correlations. In these cases, the maximum Lyapunov exponent vanishes, and this regime
is said to be weakly chaotic. Non-Gaussian distributions have been observed in a variety of weakly chaotic
systems, in both dissipative (e.g., the logistic map) and conservative (e.g., the standard map) cases. We have
investigated the moment distributions of Lennard-Jones like gases (V (r) ∝ r−α , where r is the distance between
molecule pairs, and the α parameter regulates the range of the interactions). We have also analyzed velocity
distributions of Poincaré sections for the Hénon-Heiles Hamiltonian. For low energies (E ≤ 1/12), the sections
are fully populated by regular orbits. For 1/12 < E ≤ 1/6, the phase-space presents coexistence of regular and
chaotic orbits. We have found Gaussian distributions when the initial conditions fall within strongly chaotic
regions. Initial conditions taken withing regions of regular orbits yield non-Gaussian distributions. These
distributions appear only when one considers discrete time according to Poincaré sections. This scenario is
similar to the one recently found for the standard map [Tirnakli and Borges, Sci. Rep. 6, 23644 (2016)].
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Sandpiles with temporal disorder
Arthur Schulenburg, Silvio C. Ferreira
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The Manna sandpiles is a benchmark of models with a nondiusive conserved eld which present absorbing-state
phase transition and belong to the Manna universality class. Dierently from direct percolation universality
class, for which uncorrelated quenched spacial disorder is relevant and change the critical behavior with an
extended region of order parameter with critical dynamics, simulations of dierent models show that the Manna
class in square lattices with random dilution below the percolation threshold present a regular critical point with
the same exponents of the non-diluted lattices. These results are in odds with the Harris criterion according
which for disorder is relevant for dν⊥ < 2, where d is the dimension and ν⊥ the correlation length exponent.
The Harris criterion was generalized for uncorrelated temporal disorder such that the critical behavior is altered
if νk < 2 where νk is the correlation time exponent. According to this criterion, the temporal disorder should be
relevant for Manna class as well. In order to investigate the eects of temporal disorder, we propose a modied
sandpile Manna model in which each particle in a site with ni ≥ nc particles topples to a randomly selected
nearest-neighbor with probability q . We recover the original Manna model with q = 1. We veried that the
model with q < 1 presents a dierent threshold dened as the density of particles ρc above which the active
phase is stable but still belongs to the Manna class. We simulated both spatial and temporal disorder mixing
q = 0.5 [ρc = 0.8849(1) for the clean system] and q = 1 [ρc = 0.68362(3)] with equal chance. Our results
conrm the irrelevance for quenched disorder but the temporal seems to be relevant. Extensive simulations are
necessary to conrm the preliminary results.

Financial support: FAPEMIG, CNPq and CAPES
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A Map-Based Model for Early Afterdepolarization
Patrick Antonio Morelo, Marcelo Henrique Romano Tragtenberg
Universidade Federal de Santa Cartarina

Mauricio Girardi-Schappo
McGill University

The biggest cause of death in the world are cardiovascular diseases. Cardiac arrhythmias are linked to serious
cardiac problems such as polymorphic ventricular tachycardia, which if left untreated, may lead to death.
Early afterdepolarization (EAD) is a phenomenon that is related to several types of cardiac arrhythmias. This
phenomenon is already observed in models of ordinary dierential equations (ODE) with conductance and ionic
currents. The presence of EAD, can be observed as a oscilations in some phases of the cardiac action potential.
Map-based models can also show the behavior of the healthy caridac action potential and they are much more
computationally ecient than ODE models, making them a optimal models to simulate large cardiac networks.
In this work we study a map-based model, the KTzLog model, that contains autonomic and non-autonomic
cardiac action potential, verifying the presence of EAD. We show the presence of this phenomenon in the
KTzLog model using dynamic systems techniques, nding that the dynamical have a subcritical Neimark-saker
birucation that originates a limit-cicle. The limit-cicle grows with a scaling law caracteristic of the Neimarksacker bifurcation and collapses with a saddle point, ending in a Homoclinic bifurcation. The presence of
Neimark-saker and Homoclinic bifurcations have been related to the presence of EAD.
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Statistical properties for an open oval billiard
Matheus Hansen, Iberê L. Caldas
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In the literature, the investigation about the transport of particles in dierents kinds of systems has attract
a lot of attention from the scientic community in the last years. Specically in the billiards theory, there
are several problems envolving billiards with holes that remains as open problems. In this work, we try to
answer partially one of these problems that discusses maximization and minimization of the escape of particles
in chaotic billiard. Statistical properties for recurrent and non recurrent escaping particles in an oval billiard
with holes in the boundary were studied. We determine where to place the holes and where to launch particles
in order to maximize or minimize the escape measurement. Initially, we introduce a xed hole in the billiard
boundary, injecting particles through the hole and analyzing the survival probability of the particles inside of
the billiard. We show there are preferential regions to observe the escape of particles. Next, with two holes in
the boundary, we obtain the escape basins of the particles and show the inuence of the stickiness and the small
chains of islands along the phase space in the escape of particles. Finally, we discuss the relation between the
escape basins boundary, the uncertainty about the boundary points.
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Geometrically frustrated Cairo pentagonal lattice stripe with Ising and Heisenberg exchange
interactions
Felipe Cruz Rodrigues,Sérgio Martins de Souza, Onofre Rojas
UFLA

Motivated by the recent discoveries of some compounds such as the Bi2 Fe4 O9 which crystallizes in an orthorhombic crystal structure with the Fe3+ ions, and iron-based oxyuoride Bi4 Fe5 O13 F compounds following
the pattern of Cairo pentagonal structure, among some other compounds. We propose a model for one stripe of
the Cairo pentagonal Ising-Heisenberg lattice, one of the edges of a pentagon is dierent, and this edge will be
associated with a Heisenberg exchange interaction, while the Ising exchange interactions will associate the other
edges. We study the phase transition at zero temperature, illustrating ve phases: a ferromagnetic phase (FM),
a dimer antiferromagnetic (DAF), a plaquette antiferromagnetic (PAF), a typical antiferromagnetic(AFM) and
a peculiar frustrated phase (FRU) where two types of frustrated states with the same energy coexist. To obtain
the partition function of this model, we use the transfer matrix approach and following the eight vertex model
notation. Using this result we discuss the specic heat, internal energy and entropy as a function of the temperature, and we can observe some unexpected behavior in the low-temperature limit, such as anomalous double
peak in specic heat due to the existence of three phase (FRU, PAF(AFM) and FM) transitions occurring
in a close region to each other. Consequently, the low-lying energy thermal excitation generates this double
anomalous peak, and we also discuss the internal energy at the low temperature limit, where this double peak
curve occurs. Some properties of our result were compared with two dimensional Cairo pentagonal lattices, as
well as orthogonal dimer plaquette Ising-Heisenberg chain.
Acknowledgment: O. Rojas and S. M. de Souza thank Brazilian agency CNPq, FAPEMIG and CAPES for
partial nancial support. Felipe Cruz Rodrigues thanks CAPES for fully nancial support.
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Anticipated bursts and the use of information theory in the study of anticipating
synchronization
Marcelo H. R. Tragtenberg, Germano S. Bortolotto
Universidade Federal de Santa Catarina

Anticipating synchronization is a counter-intuitive mechanism of interaction in sender-receiver dynamical systems. It is observed in many neuronal models (usually presenting tonic spiking behavior) subject to delayed
unidirectional coupling, but can also be seen in systems with mixed (uni- and bidirectional) coupling. In this
study we used the logistic KTz model in order to investigate the emergence of anticipated bursts. The logistic
KTz is a map-based computationally ecient neuronal model presenting a large number of behaviors seen in
biological neurons. Our neuronal motif involves a three-neuron system connected with both excitatory and
inhibitory chemical synapses. The sender neuron is connected via an excitatory synapse to the receiver neuron.
The receiver connects with a third neuron (the interneuron) via another excitatory synapse. The interneuron
sends an inhibitory synapse to the receiver neuron in order to modulate its ring pattern and cause it to anticipate the senders spikes. We also study the coupling direction in our system with the use of the permutation
conditional mutual information, which is a great tool to assess causality in coupled systems. This approach is
an alternative to the commonly used Granger causality method and allows us to evaluate the use of information
theory in the study of anticipating synchronization.
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Random Walks Associated with Nonlinear Fokker-Planck Equations
Renio dos Santos Mendes, Luis Carlos Malacarne, Sergio Picoli, Max Jauregui
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Ervin Kaminski Lenzi
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It is well-known that the discretization of a linear Fokker-Planck equation, whose solution is a Gaussian distribution, yields the equation for the probabilities associated with a random walk. This random walk is such
that the distribution of the position of the walker after taking a determined number of steps converges to the
solution of the Fokker-Planck equation  namely the Gaussian distribution  when the number of steps tends
to innity. Thus, we generate a random walk that veries the central limit theorem. We show that an analogous
reasoning applied to a nonlinear Fokker-Planck equation, namely the porous media equation, yields a nonlinear
random walk. This random walk is such that when the number of steps is suciently large, the probability of
nding the walker in a certain position after taking a determined number of steps approximates to a q -Gaussian
distribution (Gq,β (x) ∝ [1 − (1 − q)βx2 ]), which is a solution of the porous medium equation. This can be seen
as a verication of a generalized central limit theorem where the attractor is a q -Gaussian distribution, reducing
to the Gaussian one when the linearity is recovered, that is, when q → 1. In addition, motivated by this random
walk, a nonlinear Markov chain is suggested.
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Correlations induced by depressing synapses in critically self-organized networks with quenched
dynamics
João Campos, Mauro Copelli
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We investigate self-organized criticality in a network of excitable neurons that are described by cellular automata
and conected by dynamical synapses. In this system, synapses from each neuron are depressed everytime it res
and are charged in the absence of stimulus. We call this quenched dynamics, opposed to annealed dynamics,
where random synapses are depressed everytime a neuron res. We extend previous results, obtained for
networks with annealed dynamics using the branching ratio σ as the control parameter, for networks with
quenched dynamics. It was necessary to use a new control parameter λ, the largest eigenvalue of the synaptic
matrix, because the parameter σ fails to predict criticality in the network with quenched dynamics due to
spatial correlations generated by the dynamics. Among the extended results, we show that the system is critical
in the thermodynamics limit, but needs ne-tuning to be critical with nite size and show robust power laws
in the avalanche size distribution. This could lead someone to characterize it as quasi-critically self-organized,
as expected for a non-conservative model. However, we show that the uctuations of the network around the
critical point vanish in the thermodynamic limit and the relevant phase transition is continuous absorbing.
These facts allow us to say that the system exhibits self-organized criticality.
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Eects of temporal disorder in the continuous phase transition of the ZGB model
Marcelo Freitas de Andrade
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We consider the inuence of temporal disorder in the transition from actvity to the oxygen-poisoned state
in the Zi, Gulari and Barshad model (ZGB). The ZGB model, in its original formulation, is simulated in a
square lattice where oxygen (O2 ) and carbon monoxide (CO) molecules can adsorb and react to form carbon
dioxide (CO2 ). The CO2 formed is desorbed from the lattice, leaving two empty sites where new molecules can
adsorb. A certain value for the probability that the next molecule to be adsorbed is a CO (yCO ) is xed and
the concentration of oxygen, carbon monoxide, and empty sites are obtained. Depending on the value of yCO
the system evolves to an active state, where CO2 formation occurs, or an absorbing (poisoned) state, where
CO2 production is forbidden. In the absorbing state the lattice is completely lled either by oxygen or carbon
monoxide molecules. The transition from the active phase to the CO-poisoned one is discontinuous. On the
other hand, the transition from activity to the O-poisoned phase is continuous. We consider here the possible
eects of a time varying control parameter (yCO (t)) on the nature of the continuous phase transition. After
each time step we choose a new value of yCO according to a distribution centered at yCO (ti ), the initial value of
the control parameter. We perform Monte Carlo Simulations and obtain static and dynamic critical properties.
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Reservoir collective modes and channel size determine cell propagation modes.
Paulo C. Godolphim, Leonardo G. Brunnet
UFRGS

Ecient wound healing is an evolutive advantage acquired over millions of years of mutations and natural
selection. This mechanism is important not only for it's obvious biological role, but also for the study of tissue
growing, collective cell migration and the cell-to-cell feedback process, dynamics and transport of information
in systems far from equilibrium and in tumor growth. Our motivation came from a wound healing in vitro
experiment - by Vedula et al 2011 - where it was shown that dierent types of geometric connement induce
cells emergent movement into distinct migration patterns. We used an active matter model to simulate an
in silico version of Vedula's experiment with the Objective to understand further the response of collective
movement to this kind of geometrical boundaries. We show, along with other results, that the shape of the
reservoir - where cells are migrating from - also dene emerging patterns as to those found experimentally in
vitro, associated before only to the dierent tracks widths. This detail was not mentioned in the experimental
result, but resulted to be mandatory in the simulations. Hence we conclude that the shape and size of the
reservoir are fundamental aspects to be analyzed in future experiments of this nature.
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Mathematical Modeling of Leishmaniasis: Control Strategies
Laís A. Souza, Rafael M. dos Santos, Daniel C. P. Jorge, Tarso L. S. Oliveira, Deborah B. M. Fraga,
Flora S. Bacelar, Suani T. Pinho
Universidade Federal da Bahia
Visceral Leishmaniasis (VL) is a vector-transmitted disease spread across multiple continents and
represents serious risk to public health.Despite its far reach, established policies are not being
successful in its control and thus VL is considered a Neglected Tropical Disease (NTD) by the World
Health Organization. The endeavor for alternative and more effective control methods is hindered by
the disease complexity, which involves the phlebotomine as main vector and mammals as hosts. In
Brazil, Leishmaniasis is an endemic disease with the domestic dog as main reservoir host and
humans as occasional hosts. Therefore, interplay between hosts and vector suggests modeling
Leishmaniasis dynamics is essential for understanding its complex structure and supporting control
initiatives.
In this communication, we present the development of a control-explicit VL model based on
ordinary differential equations focusing on vector-host interaction. The control method investigated
is insecticide-impregnated collar, which have been reported to successfully diminish the risk of
infection on individual dogs. Despite the promising results from previous research, if the
impregnated collar is potentially effective at population level and in Brazilian context remains an
open question. In collaboration with a field research team, we use data from Monte Gordo, a district
in Camaçari (BA) municipality, to adjust the model's parameters to local specifics.
We employ traditional mathematical epidemiology techniques to study the threshold of infection,
calculating the basic reproduction ratio (R0) and studying stability of the disease-free fix point. In
addition, sensitivity analysis is conducted to support the model parametrization. Preliminary results
indicate that the insecticide-impregnated collar is capable of effective population-level control of the
Visceral Leishmaniasis even if the mortality effects are not taken into account.
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On the Agreement Between Small-World-Like OFC Model and Real Earthquakes from Dierent
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Despite all the existing knowledge about the production of seismic waves through slips on faults, much remains
to be discovered regarding the dynamics responsible for these slips. A key step in deepening this knowledge is
the study, analysis and modeling of the seismic distributions in space and time. The concept of self-organized
criticality (SOC), widely used in statistical physics, refers, generally, to the property that a large class of
dynamical systems has to organize spontaneously into a dynamic critical state without the need for any ne
tuning of some external control parameter. Aiming to contribute to the understanding of earthquake dynamics,
in this work we implemented simulations of the model developed by Olami, Feder and Christensen (OFC
model), which incorporate characteristics of self-organized criticality and has played an important role in the
phenomenological study of earthquakes, because it displays a phenomenology similar to the one found in actual
earthquakes. We applied the OFC model for two dierent topologies: regular and small-world, where in the
latter the links are randomly rewired with probability p. In both topologies, we have studied the distribution of
time intervals between consecutive earthquakes and the border eects present in each one. In addition, we also
have characterized the inuence that the probability p produces in certain characteristics of the lattice and in
the intensity of border eects. Furthermore, in order to contribute the understanding of long-distance relations
between seismic activities we have built complex networks of successive epicenters from synthetic catalogs
produced with the OFC model, using both regular and small-world topologies. In our results, distributions
arise belonging to a family of non-traditional distributions functions (Tsallis' family). We also performed the
complex network analysis for real earthquakes, taking in account two dierent ways. The rst one, considering
only regional earthquakes separately (in regions with high seismicity, as Japan and California, and low seismicity,
as Brazil). In the second, considering events for the entire world, with magnitude larger or equal than 4.5, in
Richter scale. It is noteworthy that we have found a good agreement between the results obtained for the OFC
model with small-world topology and the results for real earthquakes. Our ndings reinforce the idea that
the Earth is in a critical self-organized state and furthermore point towards temporal and spatial correlations
between earthquakes in dierent places.
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An Improved Model for Complex Networks of Seismic Events
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The understanding of seismic phenomena is of crucial importance in engineering, and in social, geophysical,
and geological sciences. Despite the vast existing knowledge about the seismic waves produced by landslides
on failures, much remains to be discovered about the dynamics responsible for these events. In this work,
we introduce a new methodology to construct a network of epicenters that avoids problems found in wellestablished methodologies when they are applied to global catalogs of seisms. The usual methods consist in
a construction of complex networks of earthquakes using a model that connect successive epicenters. The
new methodology involves essentially the introduction of a temporal lter before connect the epicenters. This
new model alters sensibly the network produced. Our approach is more generic but, for small regions the
results coincide with previous ndings, however for large regions our results present a better comprehension
about the seismic phenomena than that found using the network produced by the successive model. The
network constructed with the new model has small-world properties and the distribution of node connectivity
follows a non-traditional function q-Gaussian, where scale-free properties are present. The vertices with larger
connectivity correspond to the areas with the greatest earthquakes. These new results strengthen the hypothesis
of long spatial and temporal correlations between earthquakes.
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Recurrence time measures of postural sway during quiet standing
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Here we investigated postural sway by the analysis of center of pressure (COP) recurrence times. COP data were
obtained from an experiment with 16 healthy young adults during quiet stance for bipedal and unipedal (right
and left) conditions. The trajectories were ltered, decomposed along the mediolateral and anteroposterior
planes and detrended. After that, the recurrence times (or return times to the origin) for each 60-seconds
trial for both planes were calculated. We proposed COP recurrence time-based measures and found statistically
signicant dierences between bipedal and unipedal standing by analysing these measures. We also investigated
the recurrence time distribution and veried that its shape is robust, holding for all conditions (bipedal or
unipedal) and both planes. We showed that the COP recurrence time data can be well described by a lognormal distribution. We veried that the probability density functions of scaled log-transformed recurrence
times, for bipedal and unipedal conditions in both planes, collapsed onto a single curve as expected for lognormally distributed data. Our ndings point to the analysis of COP recurrence times as a method of assessing
characteristics of postural sway and a test to select models of postural control mechanisms. Naturally, further
work is necessary to investigate postural sway in other experimental situations by using the approach proposed
at the present work.
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ρDCCA apply to air temperature and relative humidity in Paulo Afonso (BA)
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In this work we propose a new way to analyze and also quantify the cross-correlations between air temperature
and relative humidity. For this purpose we adopt the DCCA cross-correlation coecient ρDCCA . We choose
the city Paulo Afonso(meteorological station) located in the State of Bahia (Brazil) as our case of study. Our
data were available hourly by the Brazilian Institute of Meteorology (INMET). Thus, in addition to showing
that the variables has a negative cross-correlation, we present a new vision about these variables at every
scales (time scale and local time) with a detrended cross-correlation contour map. In this way, islands of
cross-correlations can appear, as we will show here.
[1]
[2]
[3]
[4]

C. K. Peng, Nature 356 (4), 168-171 (1992).
B. Podobnik, Physical Review Letters 100 (4), p.084102 (2008).
G. F. Zebende, Physica A 390 (4), 614-618 (2011).
A. Weiss, Agricultural and Forest Meteorology 128 (4), 57-65 (2005).
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Investigating the drag force on two cylinders rotating in numerical wind tunnels
Luiz Renato Tessaro Júnior, Janine Avellar, Maria Júlia Fortunato, Beatriz Myuri
Koshikawa,Paulo Victor Santos Souza
Federal Institute of Rio de Janeiro

In this work, we introduce a new method to determine the behavior of the drag force. The method is used in
order to Investigating the drag force on two cylinders rotating in numerical wind tunnels. The inspiration comes
from an experimental result: a small, light ball falls on air; its speed increases, reaches a maximum, decreases
and nally stabilizes. This surprising behavior is due to the gradual formation of the so called von Kármán
street of vortices: while it is not completely formed, the transient drag force is smaller than the known steady
state value and the ball can reach speeds higher than its nal value. To build the numerical wind tunnel we solve
the Navier-Stokes equation by the nite dierence method and successive relaxations. The initial condition is
the ow around the obstacle immersed in an incompressible uid with vanishing velocity (obeying the same
equation, with vanishing Reynolds number). Then the wind tunnel is turned on with a constant, nite free
stream speed (corresponding to a Reynolds number of the order of 1,000). After a transient time, the formation
of a street of vortices in the uid portion behind the obstacle, the so-called von Kármán street, can be observed.
In particular, we investigate the attraction/repulsion between two rotating cylinders inside the tunnel. This
attraction / repulsion can be explained by the principles of Bernoulli and Magnus.
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Scaling properties of d-dimensional complex networks
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Studies in complex networks are quite current and promote the integration of several areas of knowledge. Has
been veried in previous research that the nonextensive statistical mechanics is the more suitable approach
to describe the complex networks when there are long-range interactions between your constituents. At the
−k/κ
thermodynamic limit the degree distribution is of the form P (k) ∝ eq
, where ezq is the q−exponential
1/(1−q)
z
which optimizes the non-additive entropy (when q → 1, the Boltzmanndened by eq ≡ [1 + (1 − q)z]
Gibbs entropy is recovered). In this work, we have introduced a study of the d-dimensional geographic networks
(Natal Model) which grow with preferential attachment involving Euclidean distance by introducing the term
r−αA (αA ≥ 0) into the preferential attachment rule. Given the connection between complex networks and the
q -statistics, we numerically veried (for d = 1, 2, 3 e 4) that the degree distributions exhibit, for both q and κ,
universal dependencies with respect to the variable αA /d. In addition, the limit q = 1 is quickly reached when
αA /d → ∞. We also veried that other properties of the network also have universal dependencies with respect
to αA /d, such as average shortest path hli, dynamic exponent β (from connectivity time evolution of the sites)
and the degree distribution entropy Sq .
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Metrics of social and complex networks can be used in the study of emergent patterns in semantic networks. A
semantic network is a form of knowledge representation based on graphs, where each word is represented by a
vertex and the relations between the words are the edges of the network. The present article aims to investigate
the use of keywords as auxiliary elements for the identication of the main themes of dissertations and theses in
the area of physics teaching in Brazil between the years 1972 and 2006. The realization of the present study is
founded on graph theory and network theory. We calculate the indices used with complex networks (Number of
vertices, Number of edges, Average degree, Density, The clustering coecient of a vertex V, Average clustering
coecient, The average minimal path length or geodesic distance and Diameter) and the degree centrality used
with social networks. Our results suggest that the network is small-world and scale-free. We characterize the
network topologically and verify the implications of the computational model for the main context of the data
source, which is physics teaching in Brazil. In addition, using the proposed method, we veried that most of
the topics emphasized in the network are related to the education of physics instructors and not to methods of
teaching physics at dierent levels.
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Optimized Gillespie algorithms for the simulation of Markovian epidemic processes on large and
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The contemporary world is made up of several networked complex systems and theoretical frameworks for dynamical processes have been intensively investigated in the last decades. One of them is the epidemic spreading
evolving on the top of these networks, which are mostly large and highly heterogeneous. The numerical simulations of epidemic process are fundamental to corroborate or to point out the limitations of theories and also
to provide insights in the construction of new ones. Due to the high heterogeneity of the connectivity structure
through which epidemics is transmitted, ecient and accurate implementations of generic epidemic processes
are not trivial and deviations from statistically exact prescriptions can lead to uncontrolled biases. Based on the
Gillespie algorithm (GA), in which only steps that change the state are considered, we develop numerical recipes
and describe their computer implementations for statistically exact and computationally ecient simulations
of generic Markovian epidemic processes aiming at highly heterogeneous and large networks. The central point
of the recipes investigated here is to include phantom processes, that do not change the states but do count
for time increments. We compare the eciencies for the susceptible-infected-susceptible, contact process and
susceptible-infected-recovered models, that are particular cases of a generic model considered here. We also
comment applications for more complicated dynamics. We numerically conrm that the simulation outcomes
of the optimized algorithms are statistically indistinguishable from the original GA and can be several orders
of magnitude more ecient.

Financial support: FAPEMIG, CAPES and CNPq

125

Encontro Nacional de Física Estatística / ID: 55-1 [OUTRO]

1

Quantum Random Walks in Hexagonal Lattices
Bruno Felipe Venancio, Marcos Gomes Eleutério da Luz
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Quantum random walk (QRW) are the quantum analogous of classical random walks (CRW) (Physical Review
A, 48, 1687, 1993). Thus, while the CRW is dened by probability of a stochastic event occurs, the QRW is
dened by probability amplitudes associated with unitary transformations. One feature that diers a QRW of a
CRW is the mean square displacement [∆r]2 . For QRW [∆r]2 ∼ t2 and to CRW [∆r]2 ∼ t, where t is time. For
an introduction to QRW we suggest the following reference (Contemporary Physics, 44, 307-327, 2003). The
QRW can be divided into two groups, one with an discrete time evolution, and other with a continuous time
evolution. However, the system is always implemented on discrete space (lattices or graphs). The discrete time
QRW version can be formulated in terms of two entirely equivalent models, the coin model and the scattering
model (Physical Review A 80, 052301, 2009). In this work we adopt the scattering model, which consists of
a particle moving through the edges lattice and the sites act as scattering centers. Thus, in a time step, the
particle to focus on a site is scattering towards the edges connected to site. These processes of scattering are
weighted by probability amplitudes given by scattering matrix (Physical Review A, 68, 032314, 2003). In this
work we approach the QRW in limited hexagonal lattices. We consider borders with armchair and zig-zag
boundaries and with periodic boundary conditions. We found that, by limiting the lattice, the wave function
of system spread more quickly in a lattices with zig-zag border than in a lattice whit armchair border. These
results indicate that lattice geometry plays a importante role in the evolution of the system.
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Epidemic spreading on attacked networks
Guilherme H. Costa, Silvio C. Ferreira

Departamento de Física, Universidade Federal de Viçosa

The modern society is highly dependent of functioning networked structures such as communication and transportation networks. Thus,the study of attacks in networks and the understanding of their robustnesses/fragilities
are imperative for the search of more ecient networks. Many studies involving network attacks underscore
the importance of dynamic processes evolving on these attacked networks to prevent further damage. Most of
the studies on network attack is held in the characterization of the structure of the undamaged components of
the networks. However, much less attention has been devoted to the inuence of these attacks on the epidemic
spread and information spreading. In this work, we investigate the epidemic spreading of susceptible-infectedsusceptible model on networks after the attack according dierent strategies. We focuses on scale-free networks
with a power-law degree distribution P (k) ∼ k −γ , with 2 < γ < 3 before the attack. Random attacks, which
produce a giant component with same degree distribution of the network, does not change the epidemic threshold
behavior in relation to the original network and goes to zero as the network size increases. We investigated an
attack strategy where a nearest neighbor of a randomly chosen vertex is deleted with a probability that protect
the hubs from being deleted. We are interested in a regime in which the giant component is of the same order
of the original networks and is still small world and observed that this mild attack changes degree distribution
of the network and it has an important on epidemic threshold. We observed that the threshold scaling changes
dramatically, decreasing slowly than a power law. Currently, we are tackling the problem theoretically and
analyzing the eect of the attacks on other dynamic processes.
We acknowledge the nancial support of FAPEMIG and CAPES.
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Characterizing time series using complexity-entropy curves
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An important part of the study of time series has been the creation of tools which indicate the presence or
absence of patterns in empirical time series. Examples of these tools are the several denitions of complexity
measures which can be found in the literature. In particular, there is a complexity measure based on the Shannon
entropy that has lead to the construction of a complexity-entropy plane. One of the main features of this plane is
that time series from stochastic processes and the ones associated with chaotic processes correspond to dierent
points in the complexity-entropy plane. Thus, we are basically able to dierentiate between noise and chaos.
We generalize the idea of the complexity-entropy plane by introducing a family of complexity measures based
on the Tsallis q entropy, which is a generalization of the Shannon entropy. We analyze several time series from
stochastic processes, chaotic maps and others obtained from experimental data. In our analysis, each time series
is associated with a curve that is the parametric representation of the generalized complexity (q complexity)
versus the normalized q entropy, where q > 0 is the parameter. We call this curve the q -complexity-entropy
curve. We verify that time series from stochastic processes and the ones of chaotic nature can be dierentiated by
the shape of their q -complexity-entropy curves. More precisely, stochastic time series are usually associated with
closed curves (loops) whereas time series of chaotic nature are usually associated with open curves. Moreover,
we show that some regimes of the logistic map can be dierentiated more easily using the q -complexity-entropy
curves rather than the usual complexity-entropy plane.
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Time-Series Analysis of Equatorial Pacic Sea Level and Sea Surface Temperature
Juliane Teixeira de Moraes, Genes Raone Dias, José Antonio de Sales
IF Sudeste MG - Campus Juiz de Fora

In this work, we study the times-series of temperature and sea level on Equatorial region of Pacic Ocean. All
these data was obtained from NOAA and are used to monitoring climate variations in this region, in particular
those relationed to El Niño Southern Oscillation (ENSO). We chose some time series of Sea Surface Temperature
(SST) and Sea Level (SL), however, in general, these series show gaps and others artifacts. We complete the
failures on the series using the Holt-Winters forecasting method. In order to understand the behavior of these
time-series, we have made the reconstruction of the phase space by the Takens's time-delay method, and using
the Grassberger-Procaccia algorithm, we calculate the dimension of correlation for some embedding dimensions
of the system. Our sample dataset capture locally, with good correlation, the regional Oceanic Nino Index
(ONI) and show the behavior anomalous pictured by ONI, a measure of ENSO known to detect El Niño / La
Niña. Our results shows the existence of attractors in the dynamic described by these time-series embedded on
high dimensions. Besides, the Largest Lyapunov Exponent to both time-series are positives, which evidences
high sensitivity to initial conditions and possibility of the exhibition of chaos in the system.
Financial Support: FAPEMIG.
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Analysis of time-series associated with the El Niño-Southern Oscillation (ENSO) dynamics by
recurrence plots
Genes Raone Dias, Juliane Teixeira de Moraes, José Antonio de Sales
IF SudesteMG - Campus Juiz de Fora

Complex systems analysis in high-dimensional embedding is generally very hard. The time series obtained from
sea temperature surface and sea level associated to ENSO, unveil attractors embedded in high dimensions. The
classical tools used to analyze these systems consists in, e.g. reconstruction of the phase space by the Takens's
time-delay method, estimation of the Lyapunov spectrum and calculation dimension of correlation . Our results
seems to show that these systems exhibits transitions to chaos in high dimensions due to small uctuations
and time-to-time big anomalous behavior, like that pictured by the Oceanic Nino Index (ONI), a measure of
ENSO known to detect El Niño / La Niña. In this work, we show how recurrence plots (RP) can help us to
obtain more information about the dynamic of the system, replacing the hard calculus of Poincare sections. The
Recurrence Plots (RP) were introduced by Eckmann et al. and is dened as a matrix Ri,j = Θ(ε − k~xi − ~xj k)
, with i, j = 1, . . . , N . The parameter ε is a threshold characteristic of the system and related to recurrence
density. All aspects related to visual patterns and quantitative analysis (RQA) are based on this matrix. The
mixing of periodic and chaotic regime can be detected by means of measures of entropies and statistics of length
of diagonal lines in elements of Ri,j . We show that RPs is a useful tool to study systems originated from climate
time series, like that associated to ENSO.
Financial Support: FAPEMIG.
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On the accuracy spectral mean-eld theories for epidemic processes on networks
Diogo H. Silva, Silvio C. Ferreira
Universidade Federal de Viçosa

Mean-eld theories play an important role in the investigation of dynamic processes on complex networks,
specially for epidemic spreading. The mean-eld theory based on the spectral analysis of the adjacency matrix
has received increasing attention, in particular due to its success in predicting the null epidemic threshold of
the susceptible-infected-susceptible (SIS) on networks with a power-law (PL) degree distribution P (k) ∼ k −γ
irrespective of the value of the degree exponent γ while other approaches, such as the heterogeneous mean-eld
theory, predict a wrong, nite threshold for γ > 3. However, there are conicting proposals on the literature
about the validity of this spectral approach for nite-size dependence of the eective threshold of the SIS
model on nite networks. Moreover, it still lacks rigorous results for the case of correlated networks. In the
present work, we address this issue using spectral analysis and numerical simulations of the SIS model on PL
random networks with degree correlations using the Weber-Porto model [1]. We avoid the drawbacks of localized
metastable states in simulations using a network with a rigid cuto such that N P (k) > 1, where N is the network
size. We observed that the threshold converges to zero for all the values of γ investigated independently of the
level of correlation in both spectral analysis and simulations. We also analyzed the localization of epidemic
according spectral theory and compare it with the outcomes of simulations. Our preliminary results indicate
that the nite-size-scaling of the threshold vanishing observed in simulations is not quantitatively captured by
the spectral analysis when it predicts a localized epidemic phase.
[1] S. Weber and M. Porto, Phys. Rev. E 76, 046111 (2007).

Financial support: FAPEMIG, CNPq and CAPES
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Invasion percolation solves Fermi Paradox but challenges SETI projects
Osame Kinouchi, Guilherme R. Galanti,
Universidade de São Paulo

Fermi paradox has important scientic and science policy consequences. For example, how much money is it
reasonable to spend on SETI-like projects? Simply stated, Fermi paradox arises from a back envelop calculation
about how much time a technological civilization, able to perform inter-stellar colonization, needs to diuse
through the entire galaxy. With standard assumptions (Eden-like cluster growth), this calculation gives a
colonization time of the order of a hundred million years. Non-homogeneous (fractal-like) colonization processes
where the number of non-visited sites decays slowly could explain the negative results of SETI search preserving
the possibility of a galactic civilization. Here we use a generalized invasion percolation model with a temperaturelike parameter to illustrate how percolation concepts could solve the Fermi Paradox. Our results on the number
of unvisited sites indicates that the search for technological civilizations in the Sun neighborhood is a misdirected
SETI strategy. This last conclusion is also suggested by a weaker form of the Fermi paradox. If the percolation
solution to Fermi paradox is correct, then Earth belongs to a huge but poorly inhabited galactic domain (an
empty buble). Since these regions could be very large (as the analogy with the highly non-uniform Earth global
colonization suggests), the probability that Earth is inside them is high indeed. So, the SETI strategy of trying
to nd advanced civilizations near the solar system is misdirected and Dyson-spheres artefacts seems to be more
interesting candidates to SETI search.
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Probabilistic cellular automata models for the dynamics of populations under weak Allee eects
J. Ricardo G. Mendonça, Yeva Gevorgyan
Universidade de São Paulo

We investigate how microscopic PCA models of a single-species unstructured population with nonoverlapping
generations average in rst-order, single-cell mean-eld approximation to well-known models widely employed
in population dynamics, namely, the logistic map and a variant cubic map that describes the dynamics of a
population under weak Allee eects. The mean-eld equations provide a connection between the microscopic
stochastic dynamics of the PCA with the deterministic dynamics of the ensuing discrete-time maps, that otherwise are typically derived using ad hoc (phenomenological, at best) arguments. The probabilistic nature of
the PCA together with the functional form of the logistic and cubic maps that we want to recover from the
mean-eld approximations impose constraints that the microscopic transition probabilities have to observe to
make the models sensible from the point of view of population dynamics. Otherwise, the construction of the
microscopic PCA models with the desired population dynamics properties from the elementary transitions available is straightforward. The fact that both the logistic map and a cubic map that incorporates the description
of weak Allee eects can be obtained from a single, relatively simple microscopic framework is worth notice.
Numerical simulations illustrate the behavior of some of the PCA found. Some conjectural observations on the
critical behavior of two families of elementary PCA are presented.
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Dynamic of Misiurewicz Points of the Logistic Map
Antônio João Fidélis,Reinaldo Antonio Oscar Costa
INSTITUTO FEDERAL CATARINENSE

In this work we present the dynamic of the rsts Misiurewicz Points of the Logistic Map, in the form xn+1 =
rxn (1 − xn ), 0 ≤ r ≤ 4, 0 ≤ x ≤ 1. Via Supertracks formalism, a set of continuous functions are recursively
created, with the initial condition being the critic point of the map: sn (r) = rsn−1 (r)[1 − sn−1 (r)], n ≥ 0, s0 =
1/2. When at least two of these functions assume the same r and x values, i.e., sk (r) = sk+p (r), k > 1, p ≥ 1,
they can lead to Periodic Orbits (when tangent, also called cycle) or Misiurewicz Points (when they cross each
other). For each Misiurewicz Point found, it is shown the xed parameter r, the value of the x variable, the
numerically calculated Lyapunov Exponent, the algebraically determinated Lyapunov exponent (each of them
shown algebraically when it is possible) and the orbit, along with the separation of the points of the orbits
from the respective Misiurewicz Point and the evaluation of the orbits numerically and algebraically interated.
The precision of the iteration process leads to dierents behaviours: the bursts occurs in dierents sizes of
intervals, proportional to the precision used. We are still investigating the role of the Lyapunov Exponent of the
Misiurewicz Point in the numerical Lyapunov Exponent of the orbit . The precision mechanism of the bursts
is already known, but the relation between the precision and the numerical Lyapunov Exponent seens to be
forgotten.
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Eects of Contact Network Randomness on Multiple Opinion Dynamics
Vivian Dornelas, Marlon Ramos, Celia Anteneodo
PUC-Rio

People often face the challenge of choosing amongst dierent options with similar attractiveness, such as when
choosing a parliamentary candidate, a movie or buying a product in the supermarket. In order to study the
distribution of preferences in such situations, we can consider opinion dynamics (where dierent options are
available as well as the undecided state) in network. In this work, we use two dierent opinion dynamics: one
involving the direct contagion from each site to its neighborhood (rule A) and another where the opinion of
each site is dened by the local relative majority (rule B).
The contact network topology can have a important eect in the nal distribution of opinions. We use the
Watts-Strogatz network and, in particular, we are interested in investigating the contribution of the network
randomness p in the output of the dynamics. Depending on the structural properties of the network and the
initial conditions, the nal distribution can be: equipartition of preferences, consensus and situations where
indecision is relevant.
The role of network randomness is nontrivial: for a small number of opinions, the rules A and B (the latter with
synchronous update) present an optimum value of p, where the predominance of a winning opinion is maximal.
Moreover, for the plurality rule with asynchronous update, the increase of the number of shortcuts can even
promote consensus situations. Furthermore, both dynamics coincide for small disorder of the network, but dier
for larger disorder. Also we observe that the number of initiators decreases the value of the winning fraction in
all types of dynamics and attenuates the local maximum that appears in the small-world region.
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Kinetic theory and Brazilian income distribution
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We investigate the Brazilian personal income distribution using data from National Household Sample Survey
(PNAD), an annual research available by the Brazilian Institute of Geography and Statistics (IBGE). It provides general characteristics of the country's population. Using PNAD data background we also conrm the
eectiveness of a semi-empirical model that reconciles Pareto power-law for high-income people and BoltzmannGibbs distribution for the rest of population. We use three measures of income inequality: the Pareto index,
the average income and the limit value. In order to cope with many dimensions of the income inequality, we
calculate these three indices and also the Gini coecient for the general population as well as for two kinds of
population dichotomies: black/ indigenous /mixed race versus white / yellow; and men versus women. We also
followed the time series of these indices for the period 2001-2014. The results suggest a decreasing of Brazilian
income inequality over the selected period. Another important result is that historically-disadvantaged subgroups (Women and black / indigenous / mixed race),that are the majority of the population, have a more
equalitarian income distribution. These groups have also a smaller monthly income than the others and this
social structure remained virtually unchanged in the period of time.
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Econophysics two classes model
Igor D. S. Siciliani, Marcelo H. R. Tragtenberg,Mateus T. Kinasz, Osame Kinouchi
Universidade Federal de Santa Catarina

Recent works in econophysics indicated that the probability distribution of income for the population should
be divided by two classes. Some of theses studies tried combine the Pareto distribution of income (wealth) that
can quite describe asymptotic high-income regions with one or more knows probability distribution functions
for the rest of population (e.g. exponential, normal or Galton distribution). In this work we proposed a model
of interacting agents to predict the average income of a population which is divided into two classes (lower and
upper class) according to their personal income. For the agents of the lower class we show that probability
distribution of income it's a Maxwell-Gibbs distribution and the dynamics of income distribution seem to be
governed by a Wiener process. Using a computational simulation of the model and taking into account the fact
that the distribution of income is roughly exponential, as rst approximation we consider that all population
obey the lower class dynamics like a Brownian motion. We investigated the eectiveness of the approximation
to predicted the average income with a scatter-plot of observed vs. predicted taking experimental results of
Brazilian population for the period 2001 to 2014 using National Household Sample Survey (PNAD) an annual
research provided by the Brazilian Institute of Geography and Statistics.
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Sliding-window function to analyze the network of the brazilian coast cabotage
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Since the mid-twentieth century, scientists have been bothering to consider time in the study of graphs applied
to terrestrial and maritime transport networks. The water transport has been fundamental to economically
make possible the transportation of large volumes of cargo over long distances. However, logistical management
still lacks further studies that monitor cargo ow and assist in more assertive decision-making for logistics
managers. Some eorts have been made in the present decade using network theory for detailed analysis of the
geography of waterways. This work presents the use of the sliding-window function of a time-varying graph
(TVG), proposed by the authors, for the analysis of the cabotage network of the Brazilian coast at dierent
time intervals between the years 2010 and 2015. The networks are constructed considering The ports as vertices
and the journeys as directed edges, from the origin port to the destination port. The Sliding Window function
contains two parameters, the size and the step. She scans the TVG, allowing the collection of information on
specic sets of time the network lifetime. The results for the TVG reveal world-small topologies at dierent
times and highlights vertices of high prestige in terms of degree centralities (input and output degrees) and
intermediation (beetweeness) over time.
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Analysis of the complexity and evolution of specic themes in semantic networks of titles.
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Network science has gained a prominent role in researches that aims to understand the behavior and structure
of systems that contain entities that connect. In the last decades, the scientic journal has drawn attention
to the processes of communication and scientic memory present in this channel of diusion of knowledge,
and for this reason, this system has been widely studied from dierent perspectives. In the present decade,
studies on semantic networks of titles of scientic papers (SNTs) have been able to model this system from
the linguistic signs found in publications titles and to analyze static and dynamic properties of the associated
semantic network. However, despite advances in the study of SNTs, there is a lack of researches that investigates
the evolution of themes or concepts in a particular area that stand out over time and that assess the complexity
of an SNT. This work proposes a method that monitors the interests of an area over time in a network of titles,
using Time-Varying Graphs modeling, the Shannon's entropy, and the Multi Scale Entropy method to evaluate
the complexity Of the time series of TVG network indexes. The results compare magazines of high scientic
impact (e.g. nature and science) on their complexity and the evolution of a specic theme over time using
entropy measures. We hope that the results contribute to the study of the diusion of knowledge in high impact
journals and in specialized literature of a given area.
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Detection of Discrete Scale Invariance in Self-Organized Critical Systems Using the Wavelet
Transform
Andre Luis Brito Querino
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Recently, studies have shown evidence of log-periodic behavior in non-hierarchical systems. A known case of
log-periodicity or discrete scale invariance are systems that have a geometric hierarchy, for example the model
Potts on the diamond structure. The usual solutions of the renormalization group show that such systems have
power laws x1b with complex exponents b ∈ C when near a critical point. An interesting fact is the emergence of
such properties in real systems, for instance rupture and breakdown of complex materials and nancial crashes.
These may be examples of complex systems with self-organized criticality (SOC). The detection of discrete scale
invariance, or log-periodicity in non-hierarchical systems presents numerous diculties. Parametric estimates
using log-periodic functions can be awed due to large uctuations in values, beyond the problem of degeneracy
and multiple local minima in parametric regression estimation. For these reasons most research focuses on the
use of nonparametric methods in detecting discrete scale invariance. A method widely used for the study of
log-periodic data is to make a change of variable t for a new log-time τ ≡ ln(tc − t), then to study the power
spectrum of the new series thus generated. A consequence of this method is the non-uniformity of the sample
data, i.e. unequal spacing between data points. The FFT-based techniques are not applicable, but one solution
is to use the Wavelet Transform, which is suitable for unevenly sampled points. We applying this method to
study the Brazilian nancial market, with the aim of detecting discrete scale invariance in the Bovespa (Bolsa
de Valores de São Paulo). We report evidence of detection of possible log-periodicity before breaks.
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Detecting Anomaly donations by Combining Benford's Law and Social Network Analysis
Felipe L Antunes, Daniel Gamermann, Marcia Barbosa
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Financing a campaign is vital for any candidate to get elected. In Brazil contrary to the United States where
donations come majority from individuals, until 2014 most of the donation comes from corporations. Network
theory appears to be an interesting tool to give us the ability to see how legal entities distribute the donation
between candidates in a new angle. In particular, community detection methods provided an eective way to
investigating the organizational structure of donations without the need to incorporate any specic knowledge
about committee members or political position. A community is based on the intuitive fact that a given
group should have nodes more densely connected internally than with the rest of the network other groups and
measured by its modularity, dened as the fraction of the edge weight contained within the specied communities
minus the expected total weight of such edges. The network analyzed in this paper were assembled using data
made available on-line by the TSE. The data was employed to create a, bipartite, directed one where a donator
is connected by an edge to each candidate it sponsored or cosponsored. and second, unipartite, undirected one,
projected from the rst, in which nodes are candidates and the weighted edges connecting them indicate how
many times two candidates shared the same donators. Finally, using Benfords Law, we area able to detect
anomalies in the patterns of the digits within the communities to detect suspicious donations.
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Fluctuations of liquid bridges at the nanoscale
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The capillary theory (CT) uses continuum description for the understanding of macroscopic interfaces, such as
the one formed by liquid bridges, which is a meniscus conned between two surfaces. Here, we focus in liquid
bridges attached to parallel and plane surfaces, which is a problem analytically solved. From the analytical
solution we can obtain the phase diagram (θc , h), where θc is the contact angle and h is the liquid bridge
height. At the critical height hc the liquid bridge breaks. For θc < 31o , the analytical solution predicts that
the liquid bridge breaks into two droplets with equal volumes attached to each surface. For θc > 31o , it may
form droplets with dierent volume or only one droplet attached to the surface. The understanding of liquid
bridges at nanoscale is desirable, once it has relevant implications to imaging in atomic force microscopic, and
to ink transfer in the dip-pen nanolithography. In general, the continuum descriptions are expected to fail at the
nanoscale, where molecular details and thermal uctuations are relevant. In this work, we have performed two
kind of simulations of liquid bridges to analyze the uctuations: atomistic model implemented with molecular
dynamics (MD), and a lattice-gas model implemented with Metropolis sampling and Kawasaki dynamics. The
main parameters analyzed were the base radius, neck radius, neck height and the center of mass (CM). From
MD simulations, we observed that the base radius deviates from CT predictions due to the uctuations, but
the neck radius is well described. We have used the lattice-gas model to generate large time scale simulations
to analyze those uctuations. Then, we have analyzed the time series of the main parameters using the mean
squared displacement (MSD) method. The CM can provide us information about the rupture process, which
may split the bridge into two droplet or the bridge can transform into one droplet. For h < hc , the regime
of the neck and base radii is Brownian and conned, and the regime o the neck height is always conned. At
the xy -plane, the CM performs a Brownian movement, but at the z -coordinate it can be Brownian or conned.
At the critical height hc , the CM at the z -coordinate performs a Brownian movement for all time scale. We
also observed that the liquid bridge rupture follows a Poisson distribution. Thus, the MSD analysis can be an
important method to evaluate the liquid bridge rupture.

142

Encontro Nacional de Física Estatística / ID: 160-1 [POP]

1

Mathematical model for coexisting ddler crabs
Pedro Henrique Areco Gomes Moura, Tânia Márcia Costa,Fabio Stucchi Vannucchi
IBCLP - UNESP

Coexistence of populations is one of the most challenging and studied subjects of ecology, with implications
going from conservation policies to aspects of evolutionary theory. In this work we study the coexistence of
two similar species of crabs from the genus Leptuca (Leach, 1814) (Crustacea: Decapoda: Ocypodidae). Also
called ddler crabs, they occur in estuaries along the Brazilian coast and through feeding and digging activities,
contribute to the regulation of the mangrove ecosystem. We analyse the dynamics of communities of Leptuca
leptodactyla (Rathbun, 1898) (formerly Uca leptodactyla ) and Leptuca uruguayensis (Nobili, 1901) (formerly
Uca uruguayensis ) present in estuarine environments of Santos, Brazil. These crabs coexist but have distinct
habitat preferences, showing signicant dierent population densities at sandy banks and mangrove forests.
In order to understand this environmental inuence on communities, we propose a model based on ordinary
dierential equations including three dierent processes: larval settlement, age structure and competition. We
numerically t the model to eld data from the two distinct environment. Two-sample Hotelling's T2 test
indicates parameters are signicantly distinct (α = 0.05, P < 0.001). Posterior analyses of simultaneous
condence intervals indicates that, although all processes are inuenced by the environment, larval settlement
mainly regulates these crabs communities. We acknowledge FAPESP for nancial support.
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A Spatial-temporal model for income distribution dynamics
Ângela de Mesquita Pereira,Pedro Hugo de Figueirêdo
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The way as resources are distributed in a society or in a market plays a fundamental role for economic agents,
historically the earliest investigations of this theme emerged in the late eighteenth century. One of the main
objectives of country income distribution investigation is to determine the social inequalities implied in a given
economic model and the direct and indirect eects of inequality on the society. Usually the inequality in
resources distribution P (m) is quantied by the Gini index, this parameter in the range 0 ≤ G ≤ 1 assumes
G = 0 for isonomic distribution and G = 1 for maximum the concentration. In this we present a generalization
of the Heterogeneous Adaptive model, in order to incorporate two main ingredients. The rst consists the spatial
structure that describes the dynamics between the agents, establishing local interaction dynamics and the second
the spatial distribution of mobility µ that determines the adaptability of the rate of agent consumption ω . As
a result, the space of parameters [G, ω] produced by the model is compatible with that observed in real data,
extracted from World Bank, and income has a decreasing radial behavior around the higher income agent as
opposed to the behavior of the rate consumption also corresponds to the pattern observed empirically.
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Aspects of the correlation between statistical properties of verbets
José Ilberto Fonceca Junior,Pedro Hugo de Figueirêdo
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The application of mathematical and statistical methods to exploit properties in natural languages has a recent
and prolic history. These methods and the quantitative tecnhiques adapted and created through the study of
languages are part of an area usually called quantitative linguistics. The st work on such area was performed
by George Zipf from 1930 to 1950 in wich the distribution of word frequencies were studied. His works were
followed by Claude Shannon's analysis on entropy and letters prediction as a meseaure of redundancy in written
english. Recent works have shed some light on how we may assess quantitative properties present in language,
such as frequency and vocabulary size distributions, token relevance and entropy. In this communication, we
rstly present a study on correlation and cross-correlation through the time series extracted from texts by
using DFA e DCCA. To perform the required analysis we have used a corpora as large as 250 literary texts
from 10 dierent languages. Secondly, we move to the description of the distance distribution responsible for
the long-range structure observed on written language. We devise those distributions by assuming the distance
distribution from consecutive prime numbers and distances taken from a Weibull distributions process. We then
proceed using these distributions to create generic texts and evaluate them by using both the techniques known
in literature and presented in this work to compare their properties with those emerging in natural language.
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A new eective-eld technique for the ferromagnetic spin-1 Blume-Capel model
J. Roberto Viana, Octavio D. R. Salmon,Minos A. Neto
Universidade Federal do Amazonas

Diego C. Carvalho

Universidade Federal de Minas Gerais

In general, many-body systems with interactions are very dicult to solve exactly. A way to overcome this
diculty is by approaching the many-body problem by a one-body problem, in which a mean-eld replaces
the interactions aecting the body. This idea is applied to the ferromagnetic Ising Model. In the most simple
mean-eld approach, the nearest-neighbor interactions aecting each spin Si are replaced in such a way that
Si now interacts with an eective eld given by zJhSi i, where z is the coordination number, J the exchange
constant, and hSi i is the thermal average of the spin i. This is the so called "Weiss mean-eld approach". A
new approximating technique is developed so as to study the quantum ferromagnetic spin-1 Blume-Capel model
in the presence of a transverse crystal eld in the square lattice. Our proposal consists of approaching the spin
system by considering islands of nite clusters whose frontiers are surrounded by non-interacting spins that are
treated by the eective-eld theory. The resulting phase diagram is qualitatively correct, in contrast to most
eective-eld treatments, in which the rst-order line exhibits spurious behavior by not being perpendicular to
the anisotropy axis at low temperatures. The eect of the transverse anisotropy is also veried by the presence
of quantum phase transitions. The possibility of using larger sizes constitutes an advantage to other approaches
where the implementation of larger sizes is costly computationally.
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Magnetization plateaus in super-lattices in the antiferromagnetic Ising chain with single-ion
anisotropy and quenched disorder
Pedro R. Piccini, Nilton S. Branco

Universidade Federal de Santa Catarina

Minos A. Neto, J. Ricardo de Sousa
Universidade Federal do Amazonas

The physics of low-dimensional system, i.e., one-dimensional (1D) or quasi one-dimensional (Q1D), spin-S
(S > 1) chains have attracted a considerable amount of attention since Haldane's prediction that a 1D Heisenberg
antiferromagnet should have an energy gap between the single ground state and the rst excited triplet states
in the case of an integer spin quantum number, while the energy levels are gap less in the case of a half integer
spin quantum number. The most fascinating characteristic of the low-dimensional systems is that they show
magnetic plateaus structure, i.e., quantization of magnetization at low temperatures near the ground state.
A general condition for this quantization of the magnetization in derived of the Lieb-Schultz-Mattis theorem.
The eect of a single-ion anisotropy term on the critical and muticritical behavior, which has been investigated
by various methods, such as, mean-eld approximation, transfer-matrix nite-size-scaling and Monte Carlo
simulation, Bethe lattice treatment and eective eld theory. The mechanism for the appearance of these
magnetization plateaus in quasi one-dimensional spin chains are dimerization, frustration, single-ion anisotropy,
periodic eld and so on. We have studied the magnetization plateaus behavior in the antiferromagnetic Ising
chain with single-ion anisotropy and quenched disorder in a super-lattice. By using exact diagonalization and
transfer-matrix technique, we calculate the magnetization behavior at low temperature as a function of the
anisotropy parameter ∆, magnetic eld H and variances σa and σb of the Gaussian probabilities distributions.
We will analyze this behavior in periodic and aperiodic systems.
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On the reaction rate in binary mixtures of dilute gases
Adriano Willian da Silva
IFPR-campus Curitiba

Ezequiel Burkarter

IFPR-campus Curitiba
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Kayk Bueno Martins

IFPR- Campus Curitiba

The description and modelling of chemically reactive gases is a topic of great interest due to several engineering
applications. In particular, the investigation of transport processes and non-equilibrium regimes within physical
and chemical systems is fundamental in many industrial applications developed by chemical engineers. The
theoretical analysis of the transport processes and non-equilibrium regimes in chemically reactive mixtures can
be conducted using the Boltzmann equation (BE) if a kinetic model extending the BE to chemically reactive
systems is used. Here we consider a dilute reactive mixture of two constituents undergoing a reversible chemical
reaction of bimolecular type. The mixture is described by the simple reacting spheres (SRS) kinetic model.
The SRS model treats both elastic and reactive collisions as hard spheres type and the molecules behave as if
they were single mass points with two internal states. Collisions may alter the internal states and this occurs
when the kinetic energy of the colliding pair exceeds the activation energy of the molecules. The microscopic
reversibility (detailed balance) reduces to a simple condition and all mathematical aspects of the model can be
fully justied Moreover a correction term is introduced in the elastic operator in order to prevent double counting
of the events in the collisional integrals. In the present work we use the Chapman-Enskog method, at the rstorder level of the Enskog expansion, to determine the non-equilibrium solution to the SRS kinetic system. The
chemical regime is such that both elastic and reactive collisions occur with comparable characteristic times. In
this case, the elastic and the reactive source terms in the kinetic equations account for comparable processes
and the chemical reaction can be considered in its nal stage, close to chemical equilibrium (fast process). We
determine the transport coecients associated to the chemical reaction rate and investigate how it is inuenced
by the chemical reaction and by the correction term proper of the SRS model. It was veried the reaction
heat changes the reaction rate and these changes are great for endotermic reactions and slow activation energy.
Besides, the "correction" term increases the reaction rate of the mixture.
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Modeling dissolution of solids with irregular shapes
Thiago A. de Assis

Institute of Physics , Federal University of Bahia - Campus da Federacão, Barão de Jeremoabo St. s/n, 40170-115,
Salvador-BA, Brazil

Fabio D. A. Aarão Reis

Institute of Physics, Fluminense Federal University - Avenida Litoranea s/n, 24210-340 Niteroi-RJ, Brazil

The dissolution rates of some minerals measured in the eld may be several orders of magnitude larger than
those measured in the laboratory using samples with atomically smooth surfaces. Here we address this problem
with a model of thermally activated dissolution of a solid with a simple cubic lattice structure and with various
initial rough surfaces, for which we determine the evolution of the dissolution rate and of the surface patterns.
The model is similar to that dened by Lasaga and Blum [Geochim. Cosmochim. Acta 50, 2363 (1986)], in
which the rate for removal of an atom with n nearest neighbors is ²n , where ² = exp [−E/ (kB T )] and E is
an activation energy. The initial surfaces are formed by fractional Brownian motion with Hurst exponents 0.3
(locally rougher) and 0.7 (locally smoother) and roughness varying from 25 to 200 lattice units. The dissolution
takes place by random attack to the atoms at the topmost z position for each (x, y), which hinders overhang
formation. The dissolution rate, measured as the mass lost per unit time, is approximately time-independent
for initial at surfaces, but may decrease in time by several orders of magnitude for initial rough surfaces,
concomitantly with the formation of terraces and roughness decrease. The ratio rl between average dissolution
rates in rough and at surfaces are estimated for numbers of dissolved atomic layers l = 10, 100, and 1000. For
² = 10−4 , r10 reaches values larger than 104 (107 ) for the roughest initial surfaces with H = 0.7 (H = 0.3),
while r100 is larger than 103 (104 ); the dissolution rate reaches values of the same order of magnitude as those
of at surfaces when the number of dissolved atomic layers is approximately 3 times the initial roughness. This
explains why mineral grains with disordered shapes may have dissolution rate several orders of magnitude larger
than the smooth laboratory samples.
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A statistical mechanical model for controlled drug release: scaling relations between release
parameters and porosity
Márcio Sampaio Gomes Filho, Fernando Albuquerque Oliveira
Instituto de Física, Universidade de Brasília, Brasília-DF, Brazil

Marco Aurélio A. Barbosa

Programa de Pós-graduação em Ciência de Materiais, Faculdade UnB Planaltina, Universidade de Brasília,
Planaltina-DF, Brazil

A lattice gas model is proposed for investigating the release of drug molecules encapsulated on devices with
semi-permeable, porous membranes in two (2D) and three dimensions (3D), where the porosity λ is dened as
the fraction of leaking sites along the membrane. Release patterns in 2D and 3D systems are obtained with
Monte Carlo simulations (for systems with porous membranes) and the amount of drug inside the capsule after
some time was adjusted to the Weilbull function, which is also known as stretched exponential, exp[−(t/τ )b ],
where b and τ are adjustable parameters. While τ describes a characteristic time, corresponding approximately
63.2% of drug release, b constrols the shape of the stretched exponential and is used to empirically determine
the overal release mechanism (diusion, swelling and/or erosion, etc). An analytical solution to the diusion
equation is used to complement and guide simulations in two and three dimension for systems without membrane.
Our results indicate that semi-empirical release parameters b and τ behaves as simple function of porosity λ,
satisfying scaling relations. Therefore, our results can be used for estimating release patterns in real monolithic
drug carriers, such as porous silicon nanoparticles, were porosity can be controlled by fabrication and/or surface
functionalization.
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General continuum approach for dissipative systems of repulsive particles
César M. Vieira, Humberto A. Carmona, José S. Andrade Jr., André A. Moreira
Universidade Federal do Ceará

In the present work, we propose a general coarse-graining method to derive a continuity equation that describes
any dissipative system of repulsive particles interacting through short-ranged potentials. In our approach, the
eect of particle-particle correlations is incorporated to the overall balance of energy, and a non-linear diusion equation is obtained to represent the overdamped dynamics. In particular, when the repulsive interaction
potential is a short-ranged power-law, Vλ (r) ∼ r−λ , our approach reveals a distinctive correspondence between
particle-particle energy and the generalized thermostatistics of Tsallis for any non-positive value of the entropic
λ
index q , q = 1 − D
, where D is the dimensionality of the system. Our methodology can also be applied to
microscopic models of superconducting vortices and complex plasma, where particle-particle correlations are
pronounced at low concentrations. For the case where the interaction potential is proportional to a powerlaw, Vλ (r), we also studied both distributions of positions and velocities for overdamped particles conned by
a parabolic potential while the system evolves to the static equilibrium state, considering two values of the
parameter λ. The resulting continuum descriptions provide elucidating and useful insights on the microdynamical behavior of these physical systems. The consistency of our approach is demonstrated by comparison with
molecular dynamics simulations.
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Critical behavior of parity conserving branching and annihilating random walkers with
long-range diusion
Fabiana C. Anjos, Tainã Laíse, Marcelo Leite Lyra
Universidade Federal de Alagoas

The Directed Percolation (DP) class is the usual universality class of models that exhibit a continuous phase
transition to an absorbing state. Exceptions are models with some additional conservation laws. Consider, for
example, the branching and annihilating random walkers (BARW) models. For four osprings generated by
dynamic branching, the critical exponents are non-DP [1, 2]. Here, we investigate the parity conservation model
dened in a one dimensional lattice. Here, BARW suer branching A −→ (n + A) and annihilate by contact
(A + A −→ ®). We focus on the particular case of two osprings. The particle jumps with probability p to
a new location at a distance r. The jump distance r is chosen to follow a Levy ight distribution with the
probability of performing a jump of size r decaying as r−d−α , where α is the hopping exponent. Osprings
are generated with probability 1 − p, and placed symmetrically on the nearest neighbor sites. Monte Carlo
simulations are performed starting from the initial conguration with one particle in the lattice. Due to the
parity conserving dynamical rules, the vacuum state is never reached because the number of particles is odd.
Therefore, the survival probability is always unit, in contrast with previous studies with an even number of
particles in the lattice [3]. However, the system still presents a dynamic phase transition between a phase with
a nite density of particles and a phase with a vanishingly small density. We measure the time evolution of
the number of particles N (t). At the transition, it follows a power-law N (t) ∼ tθ . After the initial growth, the
number of particles at the critical point saturates due to nite size eects with N (pc , L) ∼ Lϕ where L is the
lattice size. We also analyzed the critical behavior of the order-parameter uctuations. The critical point and
exponents for distinct values of α are estimated. The results obtained are confronted with the results in [3]
where a distinct initial conguration may lead the system to become trapped in the absorbing state.
[1] KWON, Sungchul; PARK, Hyunggyu. Reentrant phase diagram of branching annihilating random walks
with one and two ospring. Physical Review E, v. 52, n. 6, p. 5955, 1995.
[2] JENSEN, Iwan. Critical exponents for branching annihilating random walks with an even number of ospring.
Physical Review E, v. 50, n. 5, p. 3623, 1994.
[3] VERNON, Daniel; HOWARD, Martin. Branching and annihilating Lévy ights. Physical Review E, v. 63,
n. 4, p. 041116, 2001.
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Flow optimization process in a transportation network
F. L. Forgerini
UFSB

O. F. Sousa
UFRB

Numerous networks, such as transportation, distribution and delivery networks, have optimal design aimed at
increasing eciency, lowering costs, improving stability of function, etc. Networks that distribute goods, such
as electricity, water, gas, telephone and data (Internet), or also services as mail, railway, road are examples of
transportation networks. The optimal design xes a network architecture, including clustering, degree distribution, hierarchicity, community structures and other structural metrics. These networks are specically designed
for an ecient transportation, minimizing transit times and costs. All sort of transportation networks are faced
with the same problem: trac congestion among their channels. In this work we considered a transportation
network model in which we optimize (minimize) some cost function, for the ux or current at each channel (link)
of the network. We performed simulations and an analytical study of this problem, focusing on the fraction of
used channels and the ow distribution through these channels on the network. Our results show that after the
initial transient, the fraction of used channels on the network stays constant and remarkably, this result does
not depend on lattice structure (2D, 3D, or long-range connections). For the case of high ow, all channels
on the network become used. On the other hand, in the small ow limit, we observe that the fraction of used
channels has the dependence on the square root of the ow.
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Communication Systems using Replica of Networks
Fabiano Alan Seram Ferrari, Warley Marcos Santos Alves
Universidade Federal dos Vales do Jequitinhonha e Mucuri

Secure communication systems are a very important issue nowadays, they are widely used on internet, for
instance. These systems are developed to keep information safe from intruders, however, hackers are always
searching for errors and vulnerabilities that allow intruders to extract private or condential information from
the system. One way to develop secure communication system is using chaos and synchronization. In this
work we will present a new method to transmit information using the coupling between the network sites and
a signal S . This system requires two networks E (composed of sites e(1) , e(2) , ...) and R (composed of sites
r(1) , r(2) , ...), the networks are synchronized through the Replica of Networks Method [1], such their network
sites become equals, i.e., e(1) = r(1) , e(2) = r(2) , ... After they synchronize the networks are uncoupled in a way
they continue synchronized. The E network is given to the emitter and the R network is given to the receiver.
When the emitter couple a site to the signal function S it sends the value 1 and when the site is uncoupled it
sends the value 0. The receiver measures the presence or absence of signal in each site using a coupling detector.
In this work we will analyse three dierent possible coupling detectors: Transfer Entropy, Mutual Information
and Correlation Coecient. We will present results about eciency and robustness of our model. We thanks
FAPEMIG for partial nancial support.
[1] RM Smozki, FAS Ferrari, et. al.. Secure information transfer based on computing reservoir. Physical Letters
A, v. 377, p. 760-765, 2013.
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Quenched disorder in competitive contact process on bipartite lattices
Marlon Nunes Gonzaga, Marcelo Martins de Oliveira
Universidade Federal de São João del-Rei

Nonequilbrium phase transitions in spatially extended systems is a topic of current great interest, being related
to the description of several phenomena, such as population dynamics, epidemic spreading, chemical reactions
and others [1].
In this work, we study the two-dimension contact process (CP) with a competitive dynamics in bipartite
sublattices, proposed in [2]. In the model. the particle creation depends on its rst and second neighbors
and the extinction increases according to the local density. In contrast to the standard CP model, mean-eld
theory and numerical simulations predict three stable phases: inactive (absorbing), active symmetric and active
asymmetric, signed by distinct sublattice particle occupations.
Of particular interest is how spatially quenched disorder aects the critical behavior of nonequilibrium phase
transitions. In real systems, quenched disorder is an unavailable ingredient and appears in the form of impurities
and defects. Quenched disorder can aect dramatically the critical behavior in such systems, inducing Griths
phases and/or changing the nature or the universality class of the phase transition. Therefore, in this work we
investigate the eects of quenched disorder, in the form of random deletion of sites, in the phase transitions
exhibited by the model in a bipartite square lattice.

References
[1] J. Marro and R. Dickman, Nonequilibrium Phase Transitions in Lattice Models (Cambridge University
Press, Cambridge, 1999).
[2] M. M. de Oliveira and R. Dickman, Phys. Rev. E. 84, 011125 (2011).
Financial Support: FAPEMIG
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Self-organized criticality in the El-Niño Southern Oscillation
José Soares de Andrade Jr, Raimundo Nogueira da Costa Filho,Lucas de Paula Miranda
Universidade Federal do Ceará

A phenomenon of particular interest in meteorology is the southern oscillations of the El Niño (ENSO). In
order to predict the behavior of this phenomenon, models based on observations of the daily sea-temperature
temperature (SST) were created. To analyze the SST as a time series we will use the detrended uctuation
analyzes (DFA) method, that consists in decomposing the series as a signal and analyzing the sub-intervals
for statistical self-anity. A process is called self-ane when it can be written in the form X(ct) = cH X(t),
where H is the Hurst exponent that gives us information regarding the persistence of a trend in the analyzed
series. We will generate a time series with the same characteristics of a SST series through a dynamic model.
The model consists of a set of particles interacting with their neighbors through a two dimensions short-range
harmonic potential. This system can be interpreted as a set of blocks placed on a table, without friction, with
springs of size δ on the sides of the blocks. Acting on the system there will also be a constant force related to
the shear force caused by the wind on the surface of the sea. Using this dynamic system model we want to show
the universality of the dynamic phenomena that present self organized criticality.
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Braking integrability for a three-well quantum tunneling model
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In this work we present and investigate an integrable model that describes the tunneling of bosons between three
coupled aligned Bose-Einstein condensates. Here, integrability means that the model can be exactly solved by
the Bethe Ansatz method. Initially we verify the integrability of the model through this method, which requires
a more sophisticated approach than usual in order to obtain all conserved quantities. Subsequently, we explore
what happens when the integrability is broken by adding a special term to the Hamiltonian - this term breaks
the symmetry of one of the conserved quantities. The integrability and non-integrability of the models are also
analyzed by means of the energy levels and the statistical energy level spacing distribution, which generated
a Poisson and Wigner-Dyson distributions, respectively. Subsequently, we study the quantum dynamics of
the system where we identify dierent regimes: In the integrable model, we nd self-trapping and Josephson
oscillation regimes, as well as periods of collapse and revival. Moreover, in the dynamics of the integrable model,
we veried the relation between the frequency and the interaction parameters. In the non-integrable model,
we show chaotic dynamics with rapid tendency towards an equilibrium states. Finally, we present a schematic
dynamics conguration that resembles a transistor, where the bosons ow control occurs through the breaking
parameter.
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Lenght Scale Considerations on Deformation of Non-Crystalline Solids
Rodrigo S. Amorim
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Molecular Dynamics (MD) simulations have been used to map out the length scale eects on the deformation
of non-crystalline solids at low temperature. Here we considered two class of such materials, namely, structural
silica (Si02 ) glass and two prototypes of a metallic glasses former: Pd40 Ni20 Pt40 and Cu50 Zr50 . Despite the
challenge presented by their inherent disorder, these materials have received special attention because of the
broad range of applications and innovative features. Particularly, the numerical procedure used is the MD modeling of a nanoindentation technique, which allows us to determine mechanical properties of a solid like material,
such as elastic modulus and hardness, through the pressure applied by another material whose properties are
know. To embedded atom method (EAM) formalism has been employed to model the metallic alloys and the
long-range BKS model with screened Coulomb interactions for silica. In the present work we investigate the
size dependence of some mechanical properties of the systems mentioned above, such as elastic moduli, incipient
plastic deformation, atomic rearrangements and the microscopic strain. We also compute the same properties
for the crystalline phase of silica and Cu50 Zr50 alloy in order to compare their mechanical performance with the
non-crystalline phase. Our results suggest that oxide glasses and metallic glasses possess superior mechanical
properties, when compared to their crystalline counterparts, at dierent length scales.
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Radial Restricted Solid-on-Solid and Etching Interface Growth Models
Sidiney G. Alves
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Far from equilibrium interface growth are present everywhere in nature, ranging from thin lm deposition to
biological growth. In general, these interfaces are characterized by self-similarity and universality emergent
from distinct dynamical processes of their formation. The investigation of such processes is a subject of great
interest in many research area. In this context, the interface growth dynamic associated to the universality class
of the equation proposed by Kardar, Parisi and Zhang (KPZ) is probably the most investigated in the last two
decades due to the exact results obtained for 1 + 1 dimensions.
The central point of these exact results is that the height uctuations of interfaces can be described by TracyWidom distributions. It was conjectured that the height of a single site evolves according to

h(t) = v∞ t + (Γt)β χ
where v∞ and Γ are system depending parameters, β a universal exponent and χ a random variable with a
distribution that depends on the substrate geometry. The probability distribution function of this random
variable split the KPZ universality into two sub-classes. When the growth occur on at substrates, the random
variable is associated to the Gaussian orthogonal ensemble distribution. While, for curved substrates, the
random variable follows the Gaussian unitary ensemble (GUE) distribution. This conjecture was veried in
several analytical, experimental and numerical works for both geometries.
However, in the particular case of numerical investigation of curved substrate, only the Eden growth model
appears as a prototype to generate interfaces with radial geometry. In this work, two new models are built
to generate radial interfaces. The rules are based on those of restricted solid-on-solid and etching models,
previously designed to the investigate interface growth in at substrates. The obtained results for both models
indicate that the KPZ conjecture is fully veried with a very good agreement between the interface height
uctuation distribution and the GUE one.
Supporting Agencies: FAPEMIG and CNPq.
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Geometric properties of the Ising and voter models
Amanda Azevedo-Lopes, Jeferson J. Arenzon
Instituto de Física - UFRGS - RS - Brasil

The out-of-equilibrium behavior of several models is much less understood than the corresponding equilibrium
properties. Many quantities may be measured during the time evolution, such as spatial correlations and
domain size distributions. In particular, these domains (connected sets of parallel spins) hold information
about geometric properties of the system and, because they are related to its uctuations, grasp information
about its phase transitions as well. Instead of these distributions, we use a recently introduced measure of how
heterogeneously sized the equilibrium domains are (see [1] and references therein). This quantity, H , gives the
average number of distinct domain sizes present in a given conguration. This quantity has been extended to
describe the temporal evolution during the coarsening dynamics after a quench in temperature [2] and applied
to the Ising and Potts model in d = 2. We here expand that study in several ways. First, we study both the
equilibrium and dynamical properties of H in the d = 1 Ising and d = 2 Voter models. The voter model is a
simple opinion model where each spin tries to align with a randomly chosen, single nearest neighbor. Both the
motion of the interface and the growth of its internal area are not curvature driven (as in the Ising model) but
correspond to a diusive process driven by interfacial uctuations. Second, besides the quench in temperature,
we also consider the Kovacs protocol to drive the system out of equilibrium, where two sudden changes in
temperature are applied in order to observe memory eects in those systems. The goal is to analyze the domain
size geometric properties, compare it with the existent analytical results and relate it to other curvature driven
coarsening models.
[1] de la Rocha, A. R., de Oliveira, P. M. C. and Arenzon, J. J., Phys. Rev. E, 91, 042113 (2015).
[2] de la Rocha, A. R. and Arenzon, J. J., in preparation

161

Encontro Nacional de Física Estatística / ID: 79-1 [MOLE]

1

Scaling Analysis of Persistence Length for the Self-Avoiding Trail
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The self-avoiding trail (SAT) in regular lattices consists in a variant of the well known self-avoiding random walk
(SAW) model. The SAW is represented by a N step random path in a regular lattice where a site can be visited
only once. The SAT path permits simultaneous occupations of a lattice site, while the step between two sites may
be traversed only once. Analogous to SAW, the SAT model is characterized by means of the scaling behavior
of conformational quantities. One of these quantities is the persistence length, λN , dened as the average
~ N = ~u1 + · · · + ~uN , along the rst step direction, λN = hR
~ N · ~u1 iN ,
projection of the end-to-end distance, R
~ 2 iN = h(R
~N −R
~ 0 )2 iN , is employed to represent
where |~ui | = 1. Commonly, the square end-to-end distance, hR
N,e
the average size of an ensemble of N -step paths. SAT model is in the same universality class of SAW, implying
~ 2 iN = AN 2ν0 (1 + aN −1 + bN −∆1 + · · ·) describes the scaling behavior of the square
that the expansion hR
N,e
end-to-end distance, where the terms in (· · ·) are the correction to scaling terms. Recently we have established
~ 2 iN = hR
~2
hR
N,e
N −1,e iN + 2λN − 1 for SAW, which is also valid for SAT, and observing the series expansion for
~ N,e iN we nd that λN converges to a constant with corretion to scaling terms, λN = λ∞ +α0 N −ϕ1 +α1 N −ϕ2 .
hR
This result is corroborated with Monte Carlo simulation. Before our study, it was believed in the divergence
of λN as power law or logarithm for SAW model. For the square lattice SAT the accepted estimate predicts
the divergence of λN according to power law N 0.06 . In view of our ndings for SAW, one expect that λN also
converges for the SAT model. We estimate λN for the square and cubic lattices which converges to λ∞ = 1.76
and λ∞ = 1.28 respectivelly. Such estimates suer the attrition problem, which poses a barrier to obtain good
statistics for paths with N > 100 steps. The path size are being extended with the Pivot algorithm, up to now
we achieved N = 300 steps and obtain λ∞ = 1.79 for square lattice, while we achieved N = 200 and λ∞ = 1.28
for the cubic lattice. Path size will be readily extent to N = 103 steps in order to obtain acurate predictions of
λN .
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Field theoretical approach to intermittency in lagrangian turbulence
G.B. Apolinário, L. Moriconi
UFRJ - RJ - Brasil

R.M. Pereira

UFPE - PE - Brasil

The Lagrangian picture of Navier-Stokes equations is a natural framework to understand intermittency, since it
decouples velocity uctuations from large eddy Galilean-breaking perturbations. However, eective Lagrangian
models require closure assumptions for the dynamics of the velocity gradient tensor. The simplest of Lagrangian
models is the Restricted Euler Equation, which leads to nite-time singularities. Among the several models
discussed in the literature for the study of Lagrangian intermittency, the Recent Fluid Deformation (RFD)
model [1] considers the pressure Hessian and viscous dissipation terms as local closures, including contributions
from advected smooth velocity gradient elds. As a result, this model does not display nite time singularities,
and has non-Gaussian stationary statistics. We perform a detailed analytical study of the RFD model under the
Martin-Siggia-Rose (MSR) path integral language [2], with a detailed power counting hierarchical classication
of the several perturbative contributions associated to uctuations around the stationary action. The most
relevant Feynman diagrams are integrated into the renormalized eective action. We observe that the general
shape of the velocity gradient probability distribution functions (vgPDFs) is discreetly modied by additional
subleading corrections, and, furthermore, nd that there are signicant improvements in the evaluation of the
local stretching exponents that describe asymptotic properties of the vgPDF tails.
[1] L. Chevillard and C. Meneveau. Lagrangian Dynamics and Statistical Geometric Structure of Turbulence,
Phys. Rev. Lett 97 17 (2006)
[2] L. Moriconi, R.M. Pereira, and L.S. Grigorio. Velocity-gradient probability distribution functions in a
lagrangian model of turbulence, J. Stat. Mech. 2014 P10015 (2014)
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On the relationship between the plateau modulus and the threshold frequency in semisolids
L. G. Rizzi

Universidade Federal de Viçosa, Viçosa, Brazil

Relations between static and dynamic mechanical responses in semisolids can be very elucidating and might improve our understanding about the viscoelastic behaviour of relevant bio-materials such as protein gels [Broedersz&MacKintosh,2014]. For instance, there is a well-known behaviour of the storage modulus G0 in such
materials which is characterized by two regimes: a plateau regime where the storage modulus have a constant value Geq at low frequencies, and a power-law hardening behaviour G0 (ω) ∼ ω n for frequencies higher
than a threshold frequency ω∗ [Gittes&MacKintosh,1998]. Recently, by considering Monte Carlo simulations
to study the coarsening of a amyloid brils networks formed by anisotropically interacting peptides [Rizzi et
al.,2015], we have observed a power-law relationship between the plateau modulus and the threshold frequency,
i.e. Geq ∼ (ω∗ )∆ with ∆ = 2/3, which is found to be quite robust and do not depend neither on the interaction
strengths between peptides or on the network formation time [Rizzi et al.,2016]. Here we devise a theory to
explain that relationship and test our assumptions by using experimental data of a colloidal system made by
buoyancy matched polystyren particles [Romer et al.,2014]. We show that our approach is valid even in the
highly concentrated regime where the fractal model fails and our results provide a possible correction to the
cluster-jamming scenario [Zaccone et al.,2014].
References:
[Broedersz&MacKintosh,2014] Rev. Mod. Phys. 86 (2014) 995.
[Gittes&MacKintosh,1998] Phys. Rev. E 58 (1998) R1241
[Rizzi et al.,2015] Phys. Rev. Lett. 114 (2015) 078102.
[Rizzi et al.,2016] Soft Matter 12 (2016) 4332.
[Romer et al.,2014] Europhys. Lett. 108 (2014).
[Zaccone et al.,2014] J. Rheol. 58 (2014) 1219.
Financial Support: FAPEMIG
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Study of the magnetic properties of spin ladders coupled by delocalized electrons.
Herbert da Silva Sousa, Marcelo Leite Lyra, Maria do Socorro Seixas Pereira
Instituto de Física, Universidade Federal de Alagoas, Maceió, Brasil

We introduce a new, exactly soluble model that describes a system of double chains with electrons that can
transit between the chains that satisfy the Pauli exclusion principle with Ising couplings along the chains.
Double spin chains are commonly found in some superconducting ceramics where the density of charge carriers
is controlled by the concentration of a dopant element. The introduced model can be treated analytically using
the transfer matrix technique. Among the main physical quantities exploited, we give special attention to
magnetization, susceptibility, correlation functions and fermionic concurrence. From the diagonalization of the
Hamiltonian, we obtain the possible eigen-states and their respective eigen-energies, which led us to conclude
that these antiferromagnetic ladders have four possible fundamental states. For a nite hopping amplitude, it
was observed the appearance of plateaus in the magnetization curve in a range of values of the magnetic eld.
By studying the fermionic concurrence, we nd phases at which the quantum entanglement between electrons
in a given rung is maximum, partial and absent. Finally, we demonstrate that thermal uctuations play quite
distinc roles on the quantum entanglement in the vicinity of the distinct ground-state phase transitions.
Reference: [1] J. Torrico, M. Rojas, M. S. S. Pereira, J. Strecka, and M. L. Lyra, Spin frustration and fermionic
entanglement in an exactly solved hybrid diamond chain with localized Ising spins and mobile electrons. Physical
review B 93, 014428 (2016)
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Work Output for a Non-Linear Brownian Machine
Lucianno Defaveri, Welles Antonio Martinez Morgado, Silvio Manuel Duarte Queirós
PUC-Rio

Advances in modern microscopic techniques allowed experimentalists to have reliable control over systems from
microscopic to even nanoscopic scale. With these powerful tools, scientists are able to probe the nature of very
small systems strongly inuenced by thermal uctuation and in states of non-equilibrium. It becomes possible
to experimentally observe violations of the 2nd Law of Thermodynamics in single realizations.
In the last decade several studies - theoretical, numerical and experimental - have analysed single particle
machines where a Brownian particle connected to a heat bath is subjected to a linear potential with controllable
coupling constant k(t). The cycles are obtained through careful manipulation of the linear coupling and the
bath temperature.
We propose an alternative minimal model where the system is composed of a single massive Brownian particle
subjected to a non-linear potential k4 x4 /4 interacting with an external piston at a position L and in contact
with a heat bath of temperature T . Having full control over the piston and the bath temperature we perform
dierent types of cycles.
Using perturbation theory we obtain exact analytical expansions for the work output W in orders of k4 . In
quasi-static approximation it becomes possible to extend the validity for a wider range of values of k4 . Lastly
we perform numerical simulations to conrm the validity of our theoretical analysis.
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A PDF-based method to distinguish between turbulent cascade models
P. Foster, L. Moriconi

Universidade Federal do Rio de Janeiro - Brasil

R. Marino

École Centrale de Lyon - France

The phenomenon of turbulent intermittency, known since the pioneering work of Batchelor and Townsend in
1949, still lacks a satisfactory explanation in the context of the statistical theory of turbulence. The intermittency, for short, consists in leptokurtic deviations of probability density functions (PDFs) of some Galilean
observables from Gaussian distributions at intermediate and small scales of turbulent ows. Several phenomenological models have been proposed, based on multiplicative cascades; here, we focus on the Kolmogorov-Obukhov
(K62) log-normal and She-Leveque (SL94) log-Poisson models. The comparison between models and data has
been performed so far through the analysis of scaling exponents of structure functions, whose empirical evluation can present some drawbacks, such as linearization eects and divergences at higher order moments, making
them likely to be unreliable for modeling comparison purposes. In our work, we look at velocity dierence
probability distribution functions (vdPDFs), which can be modeled from underlying multiplicative cascade processes. Taking into account, furthermore, the K62 rened symilarity hypothesis, we are able to predict the shape
evolution of the vdPDFs towards smaller scales, under the light of either the K62 or the SL94 model. Using
numerical and empirical data from isotropic and homogeneous turbulence and from solar wind turbulence, we
show that the log-Poisson model performs better than the log-normal one, although the data suggests that even
the log-Poisson cascade should be improved to correctly describe turbulence at inertial range scales.
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STUDY OF CRITICALITY IN THE MODIFIED UNRESTRICTED SANDPILE
Sharon Dantas da Cunha
UFERSA

Ronald Dickman
UFMG

The conserved stochastic sandpiles (CSS) belong to a universality class called conserved directed percolation
(CDP) [1,2,3], distinct from directed percolation (DP). The existence of CDP class was questioned and it was
based in two assertions: (1) the use of random initial conditions change the critical behavior, and (2) the particle
density becomes uniform at long time and on large length scales [4]. The rst assertion were reexamined by Lee
[5,6], and their results showed that the behavior non-DP scaling in the CSS. We examined the second assertion
using particle density uctuation [7] in the model of restricted-height sandpile [1,2] in one e two dimensions.
Our numerical results for the growth of particle-number uctuations with length scale, which are compatible
with the universal critical exponents founds by Hexner and Levine [8]. Harris-Luck-like [9,10] argument was
used as criterion to study the relevance of uctuations, i. e., if CSS critical behavior were DP-like, the particle
density represent a relevant perturbation and the system will be unstable to the uctuations generated by its
own dynamics, leading to a contradiction [7]. We found that the growth in the variance is suciently rapid for
particle density uctuations so it is a relevant perturbation of DP and we believe that the CSS does not belong
to the DP universality class. As our argument depends on Harris criterion for the relevance of disorder and to
conrm the second assertion, we modied the unrestricted sandpile model adding a perturbation. We found
that critical exponents are dierent when we compared with the model without perturbation.
[1] S. D. da Cunha, R. R. Vidigal, L. R. da Silva, and R. Dickman, Eur. Phys. B 72, 441 (2009)
[2] S. D. da Cunha, L. R. da Silva, G. M. Viswanathan, and R. Dickman, J. Stat. Mech. (2014) P08003
[3] J. J. Ramasco, M. A. Muñoz, and C. A. da Silva Santos, Phys. Rev. E 69, 045105(R) (2004)
[4] M. Basu, U. Basu, S. Bondyopadhyay, P. K. Mohanty, and H. Hinrichsen, Phys. Rev. Lett. 109, 015702
(2012)
[5] S. B. Lee, Phys. Rev. Lett. 110, 159601 (2013)
[6] S. B. Lee, Phys. Rev. E 89, 060101 (2014)
[7] R. Dickman and S. D. da Cunha, Phys. Rev. E 92, 020104(R) (2015)
[8] D. Hexner and D. Levine, Phys. Rev. Lett. 114, 110602 (2015)
[9] A. B. Harris, J. Phys. C 7, 1671 (1974)
[10] A. N. Berker, Physica A 194, 72 (1993)
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Intermediate statistcs in the Solids models
André A.A. Marinho, Francisco de Assis de Brito
UFCG

We nd in the literature that the presence of defects or impurities in a crystal changes the electrostatic potential
in its neighborhoods, breaking the translation symmetry of the periodic potential. This disturbance can produce
electronic wave functions located near the impurity, no longer being propagated throughout the crystal. The
process of placing impurities from known elements on a semiconductor is called doping. Next we see the
application of q-deformation in solids acting as a defect or impurity, specically in Einstein and Debye solids,
and our results show that the factor q acts as an impurity, modifying the thermodynamic quantities such as
entropy, specic heat, and other features of chemical elements. We found interesting results, leading us to
apply the same approach to other thermodynamic properties of solids, since this initial analysis shows that qdeformed elements have thermal properties are similar to another element in its pure state. We investigate the
thermostatistics of the B -anyons in order to determine how they dier from the ordinary Bosons. We note that
there is a close link between the quantum lie algebra of deformed quantum harmonic oscillators and intermediate
statistics. Following our previous results, we keep our understanding of interpreting a q -deformation not only
as a mathematical tool, but also as a factor of impurity in a material, such as disorder or reorganization of a
crystalline structure. In the present study, we rst investigate the Einstein solid model to obtain thermodynamic
quantities such as Einstein temperature, Helmholtz free energy and specic heat with q 6= 1. We then generalize
this study to the Debye solid model to obtain the Debye temperature, specic heat, thermal conductivity and
electrical conductivity. We present these quantities for some chemical elements.
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We nd in the literature that the presence of defects or impurities in a crystal changes the electrostatic potential
in its neighborhoods, breaking the translation symmetry of the periodic potential. This disturbance can produce
electronic wave functions located near the impurity, no longer being propagated throughout the crystal. The
process of placing impurities from known elements on a semiconductor is called doping. Next we see the
application of q-deformation in solids acting as a defect or impurity, specically in Einstein and Debye solids,
and our results show that the factor q acts as an impurity, modifying the thermodynamic quantities such as
entropy, specic heat, and other features of chemical elements. We found interesting results, leading us to
apply the same approach to other thermodynamic properties of solids, since this initial analysis shows that qdeformed elements have thermal properties are similar to another element in its pure state. We investigate the
thermostatistics of the B -anyons in order to determine how they dier from the ordinary Bosons. We note that
there is a close link between the quantum lie algebra of deformed quantum harmonic oscillators and intermediate
statistics. Following our previous results, we keep our understanding of interpreting a q -deformation not only
as a mathematical tool, but also as a factor of impurity in a material, such as disorder or reorganization of a
crystalline structure. In the present study, we rst investigate the Einstein solid model to obtain thermodynamic
quantities such as Einstein temperature, Helmholtz free energy and specic heat with q 6= 1. We then generalize
this study to the Debye solid model to obtain the Debye temperature, specic heat, thermal conductivity and
electrical conductivity. We present these quantities for some chemical elements.
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Many Body Eects on the Lattice Dielectric Function in Polar Semiconductors
A. V. Andrade-Neto

Departamento de Física, Universidade Estadual de Feira de Santana

In polar semiconductors such as GaN, the Frohlich electron-phonon and Coulomb interaction among the mobile
carriers present in doped condition, have relevant inuence on the optical and transport properties in such
materials. These properties may be calculated from the knowledge of the frequency and wavevector dependent
dielectric function ²(Q, ω). It describes response function of the system, collective excitations like plasmon,
screening eects and certain transport properties . The total dielectric function includes electronic and lattice
polarization. The electronic contribution to the dielectric function can be calculated within the random phase
approximation (RPA) or Lindhard expression. In this work, our focus is on the lattice contribution. We derive an
general expression for the lattice contribution to the dielectric function taking into account interactions between
conductors electrons and electron-phonon interaction. It is believed that the inclusion of such interactions
should improve the description of the optical properties of the polar semiconductors. In our approach the
lattice contribution to the susceptibility is expressed as a function of the polarization polarization response
function, which provides a direct generalization of the usual formula. A new expression for the lattice dielectric
function using Zubarev double-time Green function is derived. A numerical calculation for the case of GaN is
done to highlight the accurate of the model.
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Inclined plane: rough block avalanches
Valdemiro da Paz Brito, Ana Rita Sousa do Amaral
Universidade Federal do Piauí

We revisit the study of avalanches of a block on an inclined plane [1] by analyzing the behavior of series of sliding
of a rough cylinder made with a sheet of compacted (crumpled) aluminum foil. The slidings are obtained after
external perturbations in a controlled way. The experimental arrangement consists of an anodized aluminum
chute with a V-shaped groove in which the cylinders are able to move downwards. The arrangement allows
adjustment of the tilt of the chute and the amount of perturbative energy inserted into the system by the impact
of an articulated hammer that is part of the arrangement. The objective of the experiment is to collect the time
series of displacements of the block for xed values of the inclination close to the critical angle controlled by the
static friction. For the data collected so far, the cumulative number of events larger than a given size scales as
an inverse power law of that size. In the 1990s, we performed similar experiments for solid blocks of aluminum,
brass, teon and PVC and the analysis of the data resulted in a scaling law similar to the Gutenberg-Richter
law for the distribution of earthquakes on the terrestrial surface [1, 2]. The critical exponent now obtained
apparently diers from the previous one, possibly due to details of the interaction between the interface rough
cylinder-groove as compared with the previous case of the solid cylinders.
[1] V. P. Brito and M. A. F. Gomes, Phys. Lett. A, 201 (1995) 38-41;
[2] B. Gutenberg and C.F. Richter, Ann. Geos. 9 (1956) 1.
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Spatial and temporal localization of light
Romain Bachelard

Universidade Federal de São Carlos

Despite decades of active research, punctuated by several contradictory experimental and theoretical claims,
the mere existence of Anderson localization of light, and the associated phase transition from 'conductor' to
'insulator', has not been demonstrated yet. Recent theoretical works suggest that the vectorial nature of light
might actually prevent localization [1].
We here present a study on the scattering of light in two and three dimensions. Scalar and vectorial waves have
very dierent properties, in particular regarding subradiance, i.e., mode lifetimes much longer that of a single
atom: These lifetimes are central to the scaling analysis that detects the phase transition [2]. For vectorial case,
these lifetimes are actually limited by radiation trapping, a phenomenon that does not rely on interferences,
whereas for scalar light, lifetimes can be orders of magnitude larger [3].
Nevertheless, a detailed study of lifetimes and localization lengths reveals that each obeys dierent scaling laws,
and that the lifetime and localization length of a given mode are uncorrelated [3]. This suggests that the two
types of localization may have dierent origins, and may actually correspond to dierent transitions [4].
[1] S. E. Skipetrov and I. M. Sokolov, Phys. Rev. Lett. 112, 023905 (2014). [2] E. Abrahams, P.W. Anderson,
D.C. Licciardello, T.V. Ramakrishnan, Phys. Rev. Lett. 42, 673, (1979). [3] C.E. Máximo, N. Piovella, Ph.W.
Courteille, R. Kaiser, R. Bachelard, Phys. Rev. A 92, 062702 (2015). [4] L. Celardo, M. Angeli, R. Kaiser,
arxiv.org/abs/1702.04506
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Phase diagram of the mixed-spin Ising model 2D and 3D
D. C. Silva, A. S. de Arruda, M. Godoy

Instituto de Física, Universidade Federal de Maro Grosso

In this work, we have performed Monte Carlo simulations to obtain the thermodynamical properties of the
ferromagnetic mixed-spin Ising model on a square and cubic lattice and under the inuence of a single-ion
anisotropy. These lattices consist of two interpenetrating sublattices, with spins-1/2 (states ±1/2) occupying
the sites of one sublattice A, while spins-1 (states ±1, 0) occupy the sites of the sublattice B (model I ).
Similarly, we have studied another model (model II ) with spins-1 (states ±1, 0) occupying the sites of the
sublattice A, while the spins-3/2 (states ±3/2, ±1/2) occupy the sites of the other sublattice B . The interaction
between the spins of the sublattices is ferromagnetic type (J > 0) for two models, D is a single-ion anisotropy
parameter for the model I and DA = DB = D are the single-ion anisotropies for the sublattice A and B
(model II ), respectively. We have calculated the total and sublattice magnetizations, the total and sublattice
susceptibilities, the fourth-order Binder cumulants, the energy and the specic heat per site as a function of
temperature T . We found the phase diagram for the models I and II in the plane temperature T versus the
single-ion anisotropy D. Thus, we show that the systems in 3D exhibit a tricritical behavior, i. e., the rstand second-order phase transitions are separated by a tricritical point. On the other hand, the systems in 2D
do not exhibit tricritical behavior.
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A Semiclassical model for transport through an one-dimensional disordered system
Pedro Hugo de Figueirêdo,Juliana Maria da Silva
Universidade Federal Rural de Pernambuco

Edson Vinícius de Paula Noia
Universidade Federal de Alagoas

Semiclassical approachs for charge transport has a long tradition in physics wich remonts the seventies. Many
investigations suggest that in the low-density carrier regime transport properties with energy E close or slightly
below the conduction threshold can be studied through conductivity to regions where movement is classically
possible. Following this idea and stimulated by recent works we propose an one-dimensional model for particles
transport through a sequence of N barriers and wells of nite potential, xed width a and intensity Vi statistically
independent which follows a distribution ρ(V ) of null mean and width δV that characterizes the disorder of the
system. Initially comparing this model with the transfer matrix formalism we determine the average coecient
transmission hT i and the time transmission distribution P (τ ). Then we studied the behavior of these two
quantities as a function of the particle energy E , for dierent scatering potential ρ(V ) distributions and system
size N . Preliminary results indicate that in the high energy regime E À δV (hT i ∼
= 1) the average transmission
coecient decreases linearly with the chain length for both uniform and exponential distributions. This result
that recovers Ohm's law does not occur at the limit E & δV where the decrease occurs in a non-linear way with
dierent behaviors for each distribution.
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Computational modeling of the catalytic behavior of phosphotungstic acid supported on silica
in the esterication of acrylic acid with 1-Butanol
N. M. Oliveira-Neto, E. R. V. Almeida, L. A. M. Cardoso, R. R. Farias, R. V. T. Albuquerque
Universidade Estadual do Sudoeste da Bahia

In this present work, we model the catalytic dynamics of phosphotungstic acid in the esterication of acrylic
acid with 1-Butanol. For this, we use a hybrid stochastic algorithm composed by the Ehrenfest Urn model and
the Monte Carlo method. With the Ehrenfest model, we model the collisions of the molecules with the catalyst.
Based on the results observed experimentally (Farias, 2014), the reaction mechanism, modeled by Monte Carlo
Method, is proposed where the reagent 1-Butanol adsorbs (in the non-activated form) irreversibly in the catalytic
surface, whereas the other reagent, the acrylic acid, adsorbs and remains active: Aad + Bbulk → C , where Aad
represents the acid reagent adsorbed on the catalytic surface, Bbulk , the reagent 1-Butanol in the uid phase
(reaction bulk) and C products. From the experimental observations, the excess of one of the reagents favors
the higher production of products, besides directly inuencing on kinetic characteristics of the reaction, such as
the velocity of the reactions. In this context, and with the proposed model, we obtained good qualitative results
when compared with the laboratory results. In addition, we were able to test and analyze some hypotheses raised
in (Farias, 2014) regarding the real mechanism of the reaction, such as the modied Eley-Rideal mechanism.
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