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Step Faceting Caused by Discontinuous Surface Tension
on a Crystal Surface

Noriko Akutsu

Faculty of Engineering, Osaka Electro-Communication University

Surface tension of a vicinal surface is calculated by the product-wave-function renormaliza-
tion group (PWFRG) method [1], which is a classical version of the density matrix renormaliza-
tion group (DMRG) method [2]. The model in this paper is a restricted solid-on-solid model with
contact-type step-step attraction (p-RSOS model) [3], where “restricted” means the restricted
difference of the surface height Ah;; = h; — hj = {0,%£1}. The Hamiltonian of the p-RSOS
model is written as follows: H = €3 ; oy [hi — b = j[ + €t 2oqi jry 0([hir — hyr[,2) — Ap SN h,
where € represents the energy cost to make surface height difference between the nearest neigh-
bor (nn) sites, € represents a microscopic step-step interaction between the second nn sites,
d(k,1) represents the Kronecker delta, and Ap = figas — Herystal Tepresents the chemical potential
difference between ambient gas and the bulk crystal. Here, (i, j) runs over all nn pairs and (i, j)
runs over all the second nn pairs. The restricted condition is imposed implicitly. This p-RSOS
model can be mapped to a 19-vertex model [3, 4].

In the case of €, < 0, the step-step interaction is attractive [4]. In that case, the vicinal sur-
face has two phase transition temperatures Ty 1 and Ty 5. At high temperature 7' > T 1, the sur-
face shows one-dimensional (1D) free fermion universal behavior or Gruber-Mullins-Pokrovsky-
Talapov (GMPT) [5] universal behavior in the low step density limit. At temperature 7" < T} 1,
surface tension becomes discontinuous around the (111) facet edge (high step density limit). At
temperature T' < T’ o, surface tension become discontinuous around the (001) surface (low step
density limit). As the results from the discontinuous step tension, at temperature 7' < T},
steps condensate to form a faceted macro step. For Ty < T < T}, the locally merged steps,
which we call “step droplets”, are created and dissociated dynamically. The surface free energy
contains Ap? in f(p) = f(0) +vp + Ap? + Bp® + O(p*)[4], where p represents the step density,
~ represents the step tension, B represents the step interaction coefficient, and A represent the
“step coalescence factor”. Ap? represents non-universal term [4].
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Interfacial properties of a discrete model for cell cultures

Belén Moglia, Nara Guisoni and Ezequiel V. Albano

Instituto de Fisica de Liquidos y Sistemas Bioldgicos, CCT La Plata. CONICET, UNLP.

We propose and study by means of Monte Carlo numerical simulations a minimal discrete
model for avascular tumor growth, which can also be applied for the description of cell cultures
in vitro. The interface of the tumor is self-affine and its width can be characterized by the
following exponents: (i) the growth exponent 8 = 0.32(2) that governs the early time regime,
(ii) the roughness exponent @ = 0.49(2) related to the fluctuations in the stationary regime, and
(iii) the dynamic exponent z = 1.49(2), which measures the propagation of correlations in the
direction parallel to the interface, e.g. z) o t1/% where x| is the parallel correlation length. So,
the interface belongs to the KPZ universality class in agreement with recent experiments of cell
cultures in vitro. Furthermore, density profiles of the growing cells are rationalized in terms of
traveling waves that are solutions of the Fisher-Kolmogorov equation. In this way, we achieved
excellent agreement between the simulation results of the discrete model and the continuous
description of the growth front of the culture/tumor.

Interface localization-delocalization transitions
in confined ferromagnets

Marta Trobo, and Ezequiel V. Albano

Instituto de Fisica de Liquidos y Sistemas Bioldgicos, CCT La Plata. CONICET, UNLP

We present a numerical study of the localization-delocalization transition of the interface
between magnetic domains of different orientation, in an Ising magnet confined between two
walls separated by a distance L, where short-range inhomogeneous surface magnetic fields act.
So, samples are assumed to have a size L x M, L being the width and M the length, respectively.
The localization-delocalization transition of the interface becomes a true phase transition when
the thermodynamic limit (L — oo, M — o0) is properly taken, as it follows from scaling
arguments. By considering surface fields varying spatially with a given wavelength or period
(A), Hi(x,\) with 1 <x < M, we found that the wetting temperature is given by the exact result
of Abraham [Phys. Rev. Lett. 44, 1165, (1980)] provided that an effective field given by the
spacial average value (Hff = + fo)‘ Hi(z,\)dz > 0) is considered. The above results hold in the
low wavelength regime, while for A — oo and a bivaluated surface field (i.e., Hypqq for o < M/2,
and 0H,q, for © > M/2, with 0 < § < 1), one observes two almost independent wetting
transitions, both being compatible with Abraham’s exact results corresponding to H,,q; and
0H maz, respectively. On the other hand, for Hi(x,\) # 0 but H.fy = 0 bulk standard critical
behavior results is observed.



A Study of Correlations in the Dyson Model

Sergio Andraus

The Unwversity of Tokyo

Dyson’s Brownian motion model (henceforth referred to as the Dyson model) is a family of
stochastic processes realized by multiple particles in one dimension which undergo independent
Brownian motions while repelling each other through a logarithmic potential with coupling
constant 3/2, where 8>0. For particular values of 8, the Dyson model describes the time evolution
of the eigenvalues of real symmetric (f=1), complex Hermitian (f=2) and quaternionic self-dual
(8=4) matrices whose entries are independent Brownian motions up to symmetry constraints [1].
The case where §=2 is also known as the scaling limit of the vicious walker model [2], that is, as
the Brownian motion of several particles conditioned never to collide [3]. This non-colliding
Brownian motion has been widely studied due to its applications in polymer physics, wetting and
melting transitions and growth models. Indeed, the Dyson model with =2 possesses several
mathematical properties which allow for the calculation of several quantities of interest, such as
particle densities and single- and multi-time correlation functions.

The cases where (3 is not equal to 2, however, are far less understood. In fact, the single-time
correlation functions have only been calculated in the matrix cases (S=1,4) and when f is an
even integer [4]. The study of correlations in the Dyson model for other values of § remains an
open problem.

In the present work, we focus on the exact calculation of the correlation function of the Dyson
model for two particles as well as their collision probability in time for £>0. For this purpose, we
use the fact that the two-particle Dyson model can be transformed into a Bessel process of d=£+1
dimensions [5]. In addition, we use numerical simulations to investigate the correlation functions
and collision probabilities in the case where the number of particles is arbitrary.

References
[1] Dyson F. J., J. Math. Phys. 1962, 3 , 1191-1198.

[2] Fisher, M. E., J. Stat. Phys. 1984, 34, 667-729; Katori, M., Tanemura, H., Phys. Rev. E
2002, 66, 011105.

[3] Katori, M., Tanemura, H., J. Stat. Phys. 2007, 129, 1233-1277.
[4] Forrester, P. J., Log-Gases and Random Matrices 2010, Princeton Univ. Press.

[5] Karatzas, I., and Shreve, S. E., Brownian Motion and Stochastic Calculus 1991, Springer.



Roughening Dynamics of Radial imbibition in a Hele-Shaw Cell

Yongjun Chen

Shaoxing University

We studied the radial imbibition of water in a porous medium in a Hele-Shaw cell. Wash-
burn's law for radial imbibition is confirmed in our experiment. We check the roughening
dynamics of forced fluid imbibition and spontaneous imbibition. For forced fluid imbibition,
Radial imbibition follows scaling dynamics and shows anomalous roughening dynamics when
the front invades the porous medium. The roughening dynamics depend on the flow rate of the
injected fluid. The growth exponents increase linearly with an increase in the flow rate while
the roughness exponents decrease with an increase in the flow rate. For spontaneous imbibi-
tion, we found a growth exponent 0.6 that is almost independent of the pressure applied at the
liquid inlet. The roughness exponent decreased when the pressure increased. The roughening
dynamics of spontaneous imbibition obeys Family-Vicsek scaling relation. We conclude that
roughening dynamics of radial imbibition is markedly different from o ne dimensional imbibition
with a fixed-size planar interface window.



Dynamic phase transition by coupling Ising spins
to 1D KPZ-type surface growth

Meesoon Ha

Chosun University

It is examined whether 1 4+ 1 dimensional directed polymers in a random medium can have
long-range order of sign if their amplitudes change sign with probability p. If such order exists
even at nonzero p, it would then be an example of one-dimensional (1D) dynamic phase tran-
sition induced by nonequilibrium process. The question then arises whether degrees of freedom
coupled to interfaces can undergo genuine phase transitions in 1D growing stationary states.
Reinterpreting the sign order as the ferromagnetic order of Ising spins coupled to the Kardar-
Parisi-Zhang (KPZ) type surface growth, we numerically show that such a transition is actually
a crossover phenomenon observed in finite systems, and provide a finite-size scaling description
of our observations. This issue was addressed a decade ago and answered in the negative sense
[1], but we also find a case where those surface degrees of freedom behaved as if in a quasi-critical
phase, slaved to the KPZ interface uctuations. Since the same issue resurfaced recently in the
context of magneto-resistance in disordered variable range hopping conductors [2, 3], represent-
ing completely different physics but mathematically linked to ours, some new results are also
presented on the magneto-resistance application.

This work has been in collaboration with Y. Baek, H. Park, and M. den Nijs, supported by
NREF grant No. 201/R1A1A/A01003864.
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2] H. Kim and D. A. Huse, Phys. Rev. B 83, 042405 (2011).
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Information thermodynamics for coupled Brownian particles

Sosuke Ito

The University of Tokyo

We study nonequilibrium thermodynamics of complex information flows induced by interac-
tions between multiple Brownian particles. We have a novel generalization of the second law,
which includes the information flow, i.e., transfer entropy [1,2].

[1] S. Ito and T. Sagawa, Phys. Rev. Lett. 111, 180603 (2013).
[2] S. Ito and T. Sagawa, arXiv: 1406.5810 (2014).



Domain coursing on ballistic deposition model with surface diffusion

Kenyu Osadal!, Shintaro Suzuki?, Hiroyasu Katsuno?
Toshiharu Irisawa!, Yukio Saito?

Y

1. Gakushuin University, 2. Keio University, 3. Ritsumeikan University

We study domain coarsening of ballistic deposition model with a surface diffusion on two-
dimensional substrate. An underlying domain catches a deposited particle and the domain
grows. The domains overhang neighboring ones and the resulting number density of domains p
decreases with the average height h of the interface. The domain density p is expected to decrease
as h~Y. The characteristic domain size is described as p~1/¢ with the interfacial dimension d.
This size is related to the correlation length of the system, which is written as h'/? with the
dynamic exponent z. The new scaling law of domain coarsening is obtained as p ~ h=%%. As
it is said that the scaling class of ballistic deposition model is the KPZ class, the exponent v
is expected to be about 2 on the two-dimensional substrate. We performed the kinetic Monte
Carlo simulation of the (2 + 1)-dimensional ballistic deposition model. The magnitude of the
obtained power is in good agreement with that from the scaling analysis. This relation is also
valid for the case with surface diffusion, which flatten the interface.

Restricted solid-on-solid model in higher dimensions
and no upper cirtical dimension in KPZ Eq.

Jin Min Kim

Soongsil University

A restricted solid-on-solid growth model is studied in higher dimensions with a proper re-
striction parameter. The interface width W (t) is measured as a function of time t and the growth
exponent 7 is estimated through the relation W (¢) ~ " in higher dimensions. The obtained 7
is a little bit less than but close to 1/(d+1). Our numerical simulation results indicate that the
upper critical dimension of the Kardar Parisi Zhang equation is larger than d = 11 + 1.

[1] Jin Min Kim and Sang-Woo Kim, Phys. Rev. 88 034102 (2013).
[2] Sang-Woo Kim and Jin Min Kim, J. Stat. Mech. (2014).
[3] J. M. Kim and J. M. Kosterlitz, Phys. Rev. Lett. 62,2289 (1989).



Fragility and robustness of the Kardar-Parisi-Zhang universality class

Matteo Nicoli

Northeastern University

The paradigmatic Kardar-Parisi-Zhang (KPZ) equation for a rough interface is recently
proving itself as a remarkable instance of universality. The exact asymptotic height distribution
function has been obtained for d=1: it is given by the largest-eigenvalue distribution of large
random matrices in the Gaussian unitary (GUE) (orthogonal, GOE) ensemble, the Tracy-Widom
(TW) distribution, for globally curved (flat) interfaces. Such distribution functions and limiting
processes are shared by discrete models, continuum equations, and by experimental systems.
This behavior generalizes to d=2, where generalizations of the TW distributions occur.

In this contribution we consider the dependence on substrate dimensionality of the asymp-
totic scaling behavior of a family of nonlocal equations that feature the basic symmetries of the
KPZ equation [1]. Even for cases in which, as expected from universality arguments, these mod-
els display KPZ critical exponent value s, their behavior deviates from KPZ scaling for increasing
system dimensions [2]. Such a fragility of KPZ universality contradicts naive expectations, and
questions straightforward application of universality principles for the continuum description of
experimental systems. Still, we find that the ensuing TW(-like) distributions coincide with those
of the KPZ class in one (two) dimensions, demonstrating the robustness of the former under
changes of the critical exponent values.

[1] M. Nicoli, R. Cuerno, and M. Castro, Phys. Rev. Lett. 102, 256102 (2009); J. Stat. Mech.:
Theor. Exp. (2011) P10030.
[2] M. Nicoli, R. Cuerno, and M. Castro, J. Stat. Mech.: Theor. Exp. (2013) P11001.

Extensions of duality relations between
stochastic differential equations and birth-death processes

Jun Ohkubo

Kyoto University

Extensions of duality relations between stochastic differential equations and birth-death pro-
cesses are shown. The conventional duality relations are widely used in studies of non-equilibrium
physics; for example, the brownian momentum process (BMP), which is a toy model of heat
conduction, can be analyzed by its dual particle hopping model. However, there is no guarantee
that a stochastic differential equation has a corresponding dual birth-death process. Employing
an algebraic approach, i.e., the Doi-Peliti formalism, I will show that the duality relation is easily
derived. In addition, it is possible to extend the conventional duality relations. The extension
enables us to derive birth-death processes from various types of stochastic differential equations.



Random geometry and the Kardar-Parisi-Zhang universality class

Silvia N. Santallal!

Physics Dept. €& GISC, U. Carlos III de Madrid, Spain

We study numerically a continuum analogue [2] of first-passage percolation (FPP) [3]. Specif-
ically, we consider short-range-correlated random metrics on R? which are flat on average, and
focus on the statistical properties of balls and geodesics. Connection to FPP is achieved by as-
suming an underlying Euclidean metric and by considering distances as times required to travel
between different points. The spread of walkers along geodesics defines balls [2], see Fig. 1.
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Figure 1: Numerical examples of: (a) balls in a non-random metric and (b) balls in a random metric.

Random metrics are generated point-wise, assuming a random distribution for the eigenvalues
of the metric tensor and the directions of the eigenvectors. We have devised a discretization
scheme which relies upon Huygens’ principle, which is stable and geometrically natural.

Scaling for the roughness of balls and the lateral spread of minimizing geodesics feature
Kardar-Parisi-Zhang (KPZ) exponents, as expected [3]. In many known instances of circular ge-
ometry in the context of the KPZ universality class, radial fluctuations follow the Tracy-Widom
(TW) distribution for the Gaussian Unitary Ensemble of random matrices [4, 5]. However, the
radial fluctuations do not follow TW statistics. Nonetheless, by exploiting the analogy between
our random metric model and FPP, we find that TW statistics hold for a different observable,
namely, the fluctuations of arrival times.

References
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Numerical simulation of polymer thin film growth by vapor deposition
Seung-Woo Son
Hanyang University

To understand anomalous kinetic roughening with multifractality in vapor deposition poly-
merization (VDP) growth, we consider a simple model for the polymer thin film growth by vapor
deposition, along with monomer diffusion, polymer nucleation, limited active end bonding, and
shadowing effects. Through the extensive numerical simulations, we observe the power-law dis-
tribution of height differences, which is clear evidence of anomalous scaling and multiscaling
behavior. It is argued that such anomalies in the VDP growth are attributed to the instability
induced by the non-local shadowing effects in polymerization. As varying the ratio of diffusion
coefficient to deposition rate, our results will be compared with recent experimental data.

Path condensation in nonequilibrium Langevin systems
Masahiko Ueda

Kyoto University

We study the dynamics of a Brownian particle driven by the noisy Burgers (KPZ) equation.
We conjecture that the probability density of trajectories shows a condensation phenomenon
in which two independent trajectories have a non-zero overlap. We present theoretical and
numerical results supporting this conjecture.



Current fluctuations in Totally Asymmetric Inclusion Process
Kiamars Vafayi
Technische Universiteit Eindhoven

Symmetric inclusion process (SIP) is a stochastic lattice gas introduced in [1,2] and further
studied in [3,4,5]. It is a Bosonic counter model to the well-known Fermionic symmetric exclusion
process (SEP). While there is an effective repulsion between particles in SEP, such that there
can not be more than one particle per sites in SEP, in SIP the particles attract each other,
and in fact prefer to jump to the sites that are more occupied. In this talk, we study totally
asymmetric inclusion process (TASIP) in 1D. We consider different initial conditions, for instance
a step-like initial condition in which there are fixed number of particles per sites only to the
left of the origin at time zero. We look at the statistics of the integrated current, which is the
total number of particles passed through the origin at the time t and also the position of the
right-most particle. As in TASEP, the position of the right-most particle can be thought of
as a growing interface. We investigate the effect of initial conditions and the system size, and
show evidence from numerical experiments that the integrated current fluctuations in TASIP
are super-diffusive. This puts TASIP in a different universality class than the TASEP which
is sub-diffusive. We also comment on analytical methods to study this problem rigorously and
possible comparisons with the numerical results.
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Strong Anisotropy in Surface Kinetic Roughening: Theory and Experiments

Edoardo Vivo'
Departamento de Matemdticas, Universidad Carlos I1I de Madrid

Frequently, two-dimensional surfaces driven out of equilibrium by growth or erosion pro-
cesses, as in thin-film production, solid fracture, etc. self-organize so as to display anisotropic
scale-invariant behavior (kinetic roughening), with different scaling behaviors along the different
substrate directions (strong anisotropy, SA).

We formulate a SA scaling Ansatz which, albeit equivalent to other proposals in the literature,
is more naturally adapted to the type of observables frequently measured in experiments, like
height structure factors.? We test our Ansatz on paradigmatic stochastic equations displaying
SA, including the Hwa-Kardar (HK) system. We compare the latter with a linear non-local
equation which has the exact same scaling exponents, thanks to suitable scaling relations. We
thus elucidate slow convergence properties of certain observables, which can otherwise hinder a
clear-cut assessment of SA. Our Ansatz has been successfully tested against experimental data
from silicon targets eroded by low-energy ion-beam sputtering.?

From a general perspective, we investigate conditions for the occurrence of strong anisotropy
in stochastic height equations. We consider anisotropic generalizations of several well-known
models, such as the KPZ and the conserved KPZ equations, as representative cases in which
the dynamics is non-conserved and conserved, respectively. Dynamic renormalization group
analysis and direct numerical simulations lead us to identify special (non-generic) conditions
from the shape of the terms appearing in the dynamical equation, in order for asymptotic SA
to actually take place.

Figure 1: Examples of strongly anisotropic surfaces. Left panel: morphology generated by
numerical simulations of a linear strongly anisotropic model, the 2-/ equation.? Right panel:
STM image for a silicon sample eroded by low-energy ion-beam sputtering.?
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Scaling Limit for Brownian Motions with One-sided Collisions

P.L. Ferrari, H. Spohn, T. Weiss

Bonn University and TU Miunchen

We consider Brownian motions with one-sided collisions, meaning that each particle is re-
flected at its right neighbour. For a finite number of particles a Schiitz-type formula is derived
for the transition probability. We investigate an infinite system with periodic initial configura-
tion, i.e., particles are located at the integer lattice at time zero. The joint distribution of the
positions of a finite subset of particles is expressed as a Fredholm determinant with a kernel
defining a signed determinantal point process. In the appropriate large time scaling limit, the
fluctuations in the particle positions are described by the Airy; process. Corresponding results
for an infinite system with Poisson initial configuration are in progress.
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