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Preface

Over the last 30 years, Professor David P. Landau’s trailblazing research
achievements and influential leadership have helped establish computer sim-
ulation as a powerful and incisive mode of scientific investigation, now on a
par in the physical sciences with experimental and theoretical research. This
year, we were very pleased to organize a special one-day symposium honor-
ing the 60th birthday of our distinguished colleague and friend. This event
was held in conjunction with and immediately following the annual computer
simulations workshop that Professor Landau founded 14 years ago. Many of
the papers presented at this honorary symposium are integrated into this pro-
ceedings volume, and the accompanying photograph of participants serves to
commemorate this very special event.

This volume contains both invited papers and contributed presentations
on problems in both classical and quantum condensed matter physics. We
hope that each reader will benefit from specialized results as well as profit
from exposure to new algorithms, methods of analysis, and conceptual devel-
opments.

Athens, GA, USA S.P. Lewis
May 2001 H.-B. Schittler



SPRINGER PROCEEDINGS IN PHYSICS

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

Magnetic Properties

of Low-Dimensional Systems I1

New Developments

Editors: L.M. Falicov, E. Mejia—Lira, and
J.L. Moran-Lépez

The Physics and Chemistry
of Organic Superconductors
Editors: G. Saito and S. Kagoshima

Dynamics and Patterns in Complex Fluids
New Aspects

of the Physics-Chemistry Interface
Editors: A. Onuki and K. Kawasaki

Computer Simulation Studies

in Condensed-Matter Physics I1I
Editors: D.P. Landau, K.K. Mon,
and H.-B. Schiittler

Polycrystalline Semiconducturs II
Editors: J.H. Werner and H.P. Strunk

Nonlinear Dynamics

and Quantum Phenomena

in Optical Systems

Editors: R. Vilaseca and R. Corbaldn

Amorphous and Crystalline Silicon Carbide
111, and Ohter Group IV-1V Materials
Editors: G.L. Harris, M.G. Spencer,

and C.Y. Yang

Evolutionaly Trends in the Physical Sciences
Editors: M. Suzuki and R. Kubo

New Trends in Nuclear Collective Dynamics
Editors: Y. Abe, H. Horiuchi,
and K. Matsuyanagi

Exotic Atoms in Condensed Matter
Editors: G. Benedek and H. Schneuwly

The Physics and Chemistry
of Oxide Superconductors
Editors: Y. Iye and H. Yasuoka

Surface X-Ray and Neutron Scattering
Editors: H. Zabel and I.K. Robinson

Surface Science
Lectures on Basic Concepts and Applications
Editors: F.A. Ponce and M. Cardona

Coherent Raman Spectroscopy
Recent Advances
Editors: G. Marowsky and V.V. Smirnov

Superconducting Devices
and Their Applications
Editors: H. Koch and H. Liibbing

65

66

67

68

69

70

71

72

73

74

75

76

77

78

Present and Future of High-Energy Physics
Editors: K.-I. Aoki and M. Kobayashi

The Structure and Conformation
of Amphiphilic Membranes
Editors: R, Lipowsky, D. Richter,
and K. Kremer

Nonlinearity with Disorder
Editors: F. Abdullaev, A.R. Bishop,
and S. Pnevmatikos

Time-Resolved Vibrational Spectroscopy V
Editor: H. Takahashi

Evolution of Dynamical Structures
in Complex Systems
Editors: R. Friedrich and A. Wunderlin

Computational Approaches

in Condensed-Matter Physics
Editors: S. Miyashita, M. Imada,
and H. Takayama

Amorphous and Crystalline
Silicon Carbide IV

Editors: C.Y. Yang, M.M. Rahman,
and G.L. Harris

Computer Simulation Studies
in Condensed-Matter Physics IV
Editors: D.P. Landau, K.K. Mon,
and H.-B. Schiittler

Surface Science

Principles and Applications

Editors: R.E. Howe, R.N: Lamb, and K.
Wandelt

Time-Resolved Vibrational Spectroscopy VI
Editors: A. Lau, E Siebert, and W. Werncke

Computer Simulation Studies
in Condensed-Matter Physics V
Editors: D.P. Landau, K.K. Mon,
and H.-B. Schiittler

Computer Simulation Studies
in Condensed-Matter Physics VI
Editors: D.P. Landau, K.K. Mon,
and H.-B. Schiittler

Quantum Optics VI
Editors: D.F. Walls and ].D. Harvey

Computer Simulation Studies

in Condensed-Matter Physics VII
Editors: D.P. Landau, K.K. Mon,
and H.-B. Schiittler




Contents

1 Computer Simulation Studies in Condensed Matter Physics:

An Introduction
D.P. Landau, S.P. Lewis, H.-B. Schiittler .........................

Part I Nonequilibrium and Dynamical Behavior

2 Nonequilibrium Energy Transport in Multiphase System
T. Murakams, S. Yukawa, N. Ito ............ccoiviiiiiiininn

3 Dynamics of Dislocations in a Two-dimensional System
K. Kaski, A. Kuronen, M. Robles .......... ... . ... iiiiiiion.

4 Recent Development in Nonequilibrium Relaxation Method
N. Ito, S. Fukushima, H. Watanabe, Y. Ozeki ......................

5 Dynamic Phase Diagram

for a Periodically Driven Kinetic Ising Ferromagnet:
Finite-size Scaling Evidence

for the Absence of a Tri-critical Point

G. Korniss, P.A. Rikvold, M.A. Novotny.................cccovvonn..

6 First-Principles Parameter Estimation
for Dynamic Monte Carlo of a Lattice-Gas Model
S.J. Mitchell, S. Wang, P.A. Rikvold, G. Brown ....................

40

Part II Clusters, Films, and Interfaces

7 Gold Microclusters (Au,; n=3-13):
A Molecular Dynamics Computer Simulation
Z. Bl-Bayyars . ... ...t

8 On the Ground State Structure of Adsorbed Monolayers:
Can One Find them by Monte Carlo Simulation?
A. Patrykiejew, S. Sokolowski, K. Binder .............. ... ...,

47



X Contents

9 Simulation of the Early Stages of Growth
on a Patterned Substrate
L. Nurminen, A. Kuronen, K. Kaski ........... .. ... . ... ... .. 61

10 Tons and Other Solutes at the Ice/Water Interface
E.J. Smith, A.D.J. Haymet ....... ..o uiiiiiannenn 66

11 Molecular Dynamics Simulations

of the Droplet Spreading Process for Metallic Phases:

The Low Energy Cluster—Substrate Impacts

K. Kholmurodov, I. Puzynin, W. Smith, K. Yasuoka, T. Ebisuzaki . .. ... 70

12 TUniversal Expression for Blocking Cone Size
in Low Energy Ion Scattering Based on MD Simulations
A. Kutana, I.L. Bolotin, JW. Rabalais . ........................... 77

Part II1 Phase Transitions

13 Critical Phenomena at the Surface of Systems

Undergoing a Bulk First Order Transition:

Are They Understood?

K. Binder, F.F. Haas, F. Schmid ......... ... ... ... ... ... 85

14 Analysis of the Density of Partition Function Zeroes:
A Measure for Phase Transition Strength
W. Janke, R. Kenna .......... . . it 97

15 The Spectrum of Eigenvalues
in the Renormalization Group Theory of Phase Transitions
R.H. Swendsem ......... . 102

Part IV New Methods and Approaches

16 Methods for Computing Density of States
for Statistical Mechanical Models

17 New Cluster Method for the Ising Model
H.G. Evertz, HM. Erkinger, W. von der Linden . ................... 123

18 Low Temperature Dynamic Monte Carlo Simulations

with a Phonon Heat Bath

for Square-Lattice Ising Ferromagnets

K. Park, MLA. NoUOtnY . . .. oot e i 134



Contents XI

19 Applications

of the Probability-Changing Cluster Algorithm

and Related Problems

Y. Okabe, Y. Tomita, C. Yamaguchi ..... ... ... ...t 140

20 Exponential Product Computing-Scheme

for Time-Dependent Interactions

Including the Kohn-Sham Hamiltonian

M. oSUZUKT . o v o e e e e 154

21 Visualization and Real-Time Collaboration
over Internet-2
J. Adler, A. Hashibon, G. Wagner ...........cooiiiiiiinieeiionan, 160

Part V Quantum Systems / Electronic Structure

22 Chiral Symmetry Versus the Lattice
M. CreUtZ . . o oo e et e e e e e 169

23 The Stochastic Series Expansion Method
for Quantum Lattice Models
AW, Sanduik .. ..o e 182

24 Superconductivity with a Meron-Cluster Algorithm
JoC OFBOTHE v v ov v vsmnn e v s 6685 88585 § 58 AmTEs 5ms smanes sn s 188

25 Advances in the Investigation of the Minus Sign Problem
for the Fermionic Case
H-G. Matuttis, N. o' . . cvi v iovonsnsinims smame suanmeme sos vmnms s 194

26 New Variational States for t — J Ladders
J. Amadon, S.R. White . ... i 200

27 Ab-initio Study of the Ground-State Phase Diagram
of the Icosahedral Ti-Zr-Ni Quasicrystal
R.G. Hennig, K.F. Kelton, C.L. Henley................. ... ..., 204

28 Geometric Theory of Stress Fields for Quantum Systems
at Finite Temperature
C.L. Rogers, A.M. Rappe .. ... ... i 209



XII Contents

Part VI Polymers and Complex Systems

29 Phase Behavior of Binary Polymer Blends in Thin Films
M. MGller ..o

30 Statistics of an Age Structured Population

with Two Competing Species:

Analytic and Monte Carlo Studies

R.K.P. Zia, R.J. Astalos............. oo

31 Including Hydrodynamic Interactions
in Acicular Models of Magnetic Colloids
R. Kutteh, P.B. VisSCher . ........ ..o

32 Simulation of the Dynamics of Polymers in Solution
via a Hybrid Molecular Dynamics-Lattice Boltzmann Scheme
B. Diinweg, P. Ahlrichs, R. Everaers .............c.uouuuuuneunn..

33 Frustrated Spring-Network Model
for Crosslinked Polymer Surfaces
G.M. Buendia, S.J. Mitchell, P.A. Rikvold . ........................

34 The Wonderful World of Granular Ratchets
D.C. Rapaport .. ...

List of Contributors .......... ... ... .. .. . i,



1 Computer Simulation Studies in
Condensed Matter Physics:
An Introduction

D.P. Landau, S.P. Lewis, and H.-B. Schiittler

Center for Simulational Physics, The University of Georgia,
Athens, GA 30602-2451, USA

Computer simulation studies in condensed matter physics play an ever in-
creasing role in many areas of investigation. The “status report” that is
contained in this volume is the result of presentations and discussion that
took place during the 14th Annual Workshop at the Center for Simulational
Physics. The texts of both longer, invited presentations as well as a number
of contributed papers are included. The reader will find that the scope of
simulational/computational studies is broad and that substantial potential
for cross-fertilization of methods between different sub-fields exists.

Part I contains five papers on recent work on non-equilibrium and dy-
namical behavior. In the first paper, Murakami et al. present molecular dy-
namics simulations of heat transport across a material connecting hot and
cold reservoirs. They observe normal thermal conduction obeying Fourier’s
Law for three-dimensional systems, but not for systems of lower dimension-
ality. Next, Kaski et al. describe a novel interactive simulation environment
with real-time visualization to explore dislocation dynamics and plasticity in
a model two-dimensional, homogeneous crystal. They find that even a simple
interaction model in their atomistic simulations captures many of the impor-
tant behaviors that would be inaccessible to continuum models of materials.
Results illustrating this point are presented for both single-dislocation sys-
tems as well as systems with interacting dislocations. Ito et al. review a non-
equilibrium approach to investigating the equilibrium behavior of statistical
mechanical models around phase transitions. This technique, which involves
analyzing the relaxation process as the system approaches equilibrium, is
illustrated for several model systems. Korniss et al. examine the dynamic
phase diagram of a two-dimensional Ising ferromagnet driven by an oscillat-
ing external field. They present evidence based on finite-size scaling that no
tri-critical point exists for this model in the thermodynamic limit, contrary
to earlier claims. Mitchell et al. perform a series of density-functional the-
ory calculations to parameterize a model potential for use in dynamic Monte
Carlo simulations of bromine diffusion on Ag(100). Several test calculations
assessing the validity of their model potential are described.

Part II contains papers on clusters, films, and interfaces. First, El-bayyari
explores the low energy structures of gold microclusters via molecular dy-



2 D.P. Landau et al.

namics simulations at constant temperature. Using an empirical many-body
potential parameterized to bulk properties, he obtains a series of stable
and metastable configurations for gold clusters containing 3-13 atoms. Pa-
trykiejew et al. conduct Monte Carlo simulations to find stable and metastable
structures for atomic adsorbate overlayers on a model fcc(100) surface. They
consider several competitive types of domain patterning for adsorbate con-
centrations above 50%. Nurminen et al. present kinetic Monte Carlo simu-
lations of a simple solid-on-solid model to address nucleation and growth of
islands on a patterned substrate with nanoscale features. They find that the
substrate patterning gives rise to spatial ordering of the islands. Smith and
Haymet give a progress report on applying molecular dynamics to study the
transport of solutes across the ice/water interface. Kholmurodov et al. simu-
late the impact of an energetic beam of aluminum clusters with an aluminum
substrate using an optimized molecular dynamics code. They present a novel
interpretation of the metal-on-metal spreading process based on the com-
puted density and temperature distributions. To end this section, Kutana et
al. investigate the shape and size of the blocking cone produced by shadowing
effects in low energy ion-scattering experiments. Their simulations reveal a
universal formula for the blocking cone size and show that the cone shape is
appreciably asymmetric about the scattering axis.

Part III, which focuses on phase transitions, opens with a paper by Binder
et al. that examines surface induced disordering in a bcc model binary alloy
with nearest-and next-nearest neighbor interactions. They present very de-
tailed results from a Monte Carlo simulation of a bce alloy that disagree with
theory. The simulations find different estimates for v from the order param-
eter of the B2 phase and the order parameter of the DO3 phase. Next, Janke
and Kenna discuss a numerical analysis of phase transitions using the density
of zeros of the partition function. They show how to distinguish between the
order of the transition and apply their approach to several Potts and Ising
models. Swendsen examines the spectrum of eigenvalues in the renormaliza-
tion group approach to phase transitions. He shows that, for sufficiently large
systems, if there are two eigenvalue exponents y; and y» there exists another
eigenvalue equal to y; + yo.

Part IV contains six papers on new methods and algorithms. Wang re-
views Monte Carlo techniques that involve reweighting and then introduces
the transition matrix Monte Carlo method. He shows that, in combination
with new sampling algorithms, the transition matrix approach can be exceed-
ingly efficient. In the second paper of this section Evertz et al. introduce a
new cluster method for the Ising model. They use a new representation that
contains both the bond variables of the high-temperature representation and
those of the Fortuin-Kasteleyn clusters. This approach also sheds new light on
the physical meaning of geometric properties of clusters. Park and Novotny
then examine the relationship between Monte Carlo time and physical time
using a quantum system coupled to a phonon heat bath. They apply this
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dynamics to the square lattice Ising ferromagnet and obtain a quite different
low-temperature prefactor than with Glauber dynamics. Okabe et al. first de-
scribe a new probability-changing cluster (PCC) algorithm that “tunes” the
critical point automatically, and then apply it to the two-dimensional, site-
diluted Ising model. They then use the Wang-Landau algorithm to study
the three-dimensional g-state Potts model. They conclude that the choice of
algorithm depends on the quantities of interest. Suzuki introduces a general
scheme for using exponential product formulae to compute time-dependent
quantities. He then proposes a new method for the numerical treatment of
the Kohn-Sham hamiltonian. In the final paper of this section Adler et al.
report on recent developments in the use of visualization techniques with a
high-bandwidth internet connection for the analysis of atomic simulations.
As an example they view spreading of an aluminum drop on a metal-oxide
surface.

Part V of this volume focuses on quantum systems, including those ex-
amined via electronic-structure methods. First, Creutz reviews the difficulties
associated with chiral symmetry in lattice gauge theories. He proposes a new
route toward resolving these issues, based on a formulation that uses fermionic
surface states in an extra space-time dimension. Next, Sandvik discusses the
stochastic series expansion quantum Monte Carlo method for quantum lat-
tice models. He reports on implementations of this method for the S=1/2
Heisenberg model, using a recently developed cluster updating scheme. Os-
born describes applications of the meron-cluster algorithm to the attractive
Hubbard model. He presents new results for the Kosterlitz-Thouless tran-
sition to the superconducting phase in this system. Matuttis and [to have
revisited the minus sign problem in standard auxiliary field formulations of
the Hubbard model. Their results suggest that the minus problem may be
substantially less severe than previously reported. Then, Amadon and White
propose a new variational wavefunction for t-J ladder models, based on novel
“distance” functions between basis states, which can serve as the starting
point for Green’s function Monte Carlo simulations. They report on appli-
cations of this variational approach to 2-leg ladder systems. Hennig et al.
present ab-initio calculations of the ground-state phase diagram of the Ti-
Zr-Ni quasi-crystal. They report on the energetic stability of quasi-crystal
structures extracted from experimental diffraction data. Finally, Rogers and
Rappe discuss their recently developed Riemannian differential-geometry ap-
proach for the derivation of the stress field in non-relativistic interacting
quantum systems. They present an extension of this formalism within the
framework of finite temperature density functional theory.

The last section (Part VI) in this status report contains papers on poly-
mers and complex systems. Miiller has studied binary polymer blends in
a thin-film geometry within a coarse-grained lattice model formulation. He
presents detailed Monte Carlo simulation results for the rich phase diagram
and the critical behavior of this system. Zia and Astalos have applied statis-
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tical physics methods to study the problem of population dynamics within
the framework of the Penna-Desai bit string model. They report both Monte
Carlo simulation and analytical results for the stochastic aspects and the long-
time behavior of the model. Kutteh and Visscher discuss novel approaches
for performing Stokesian dynamics simulations on systems of hydrodynami-
cally interacting colloidal particles. They present results obtained with this
method for acicular models of magnetic colloids. Diinweg et al. present a novel
scheme for simulating polymer dynamics in solution by means of a molecu-
lar dynamics simulation/lattice Boltzmann hybrid scheme. They report re-
sults for the crossover from Zimm to Rouse dynamics, obtained with this
approach. Buendia et al. report on a spring-network model for cross-linked
polymer surfaces. They compare their simulations of the surface structure
to atomic force microscopy experimental results for templated gel surfaces.
Rapaport has studied flow phenomena in a vertically vibrated granular layer.
For sawtooth-shaped substrate profiles, his simulations predict heretofore un-
observed horizontal flows which could be used to separate large particles from
small particles.
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Nonequilibrium and Dynamical Behavior



