
Multiscale Models of Crystal Defects (14w5069)

September 21–26 2014

MEALS

*Breakfast (Bu↵et): 7:00–9:30 am, Sally Borden Building, Monday–Friday
*Lunch (Bu↵et): 11:30 am–1:30 pm, Sally Borden Building, Monday–Friday
*Dinner (Bu↵et): 5:30–7:30 pm, Sally Borden Building, Sunday–Thursday
Co↵ee Breaks: As per daily schedule, in the foyer of the TransCanada Pipeline Pavilion (TCPL)
*Please remember to scan your meal card at the host/hostess station in the dining room for
each meal.

MEETING ROOMS

All lectures will be held in Room 202.

TENTATIVE SCHEDULE

Sunday

16:00 Check-in begins (Front Desk - Professional Development Centre - open 24 hours)
17:30–19:30 Bu↵et Dinner, Sally Borden Building
20:00 Informal gathering in 2nd floor lounge, Corbett Hall (if desired)

Beverages and a small assortment of snacks are available on a cash honor system.

Monday

0845 Introduction and Welcome by BIRS Station Manager
0900 Vorhees
1015 Co↵ee
1100 Garroni
1415 Group Photo
1430 Co↵ee
1500 Perez, Reina

Tuesday

0830 Cances
0930 Csanyi
1030 Co↵ee
1100 Trinkle
1420 Van Koten
1500 Co↵ee
1530 Blanc
1630 Nazar

Wednesday

0830 Schmidt
0930 Binder
1010 Co↵ee
1040 Hall
pm Excursion
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Thursday

0830 Ehrlacher
0930 Legoll
1030 Co↵ee
1100 Shapeev
1500 Co↵ee
1530 Minvielle
1630 Simpson

Friday TBC

Checkout by
12 noon.

** 5-day workshop participants are welcome to use BIRS facilities (BIRS Co↵ee Lounge, TCPL and Reading
Room) until 3 pm on Friday, although participants are still required to checkout of the guest rooms by 12
noon. **
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Multiscale Models of Crystal Defects (14w5069)

September 21–26 2014

ABSTRACTS

Speaker: Binder, Andrew (Minnesota)
Title: Analysis of the Surface Cauchy-Born Method in 1D
Abstract: Surface e↵ects can play a significant role in the determination of material properties on smaller
scales. Despite the fact that surface e↵ects are most influential in smaller systems, the systems may still
be large enough that simulating the system atomistically will be computationally infeasible. The recently
developed surface Cauchy-Born method was designed to e�ciently model such systems and improve upon
the regular Cauchy-Born method by better capturing surface e↵ects. The accuracy of the surface Cauchy-
Born method is investigated in the specific case of a linearized 1D system interacting according to a
many-body potential as well as through a nonlinear analysis that considers the stability and convergence
of the method to the atomistic result for a more general 1D system.

Speaker: Blanc, Xavier (Paris)
Title: Local profiles for elliptic problems in homogenization of periodic structure with defect
Abstract: We will present a possible approach to pproximate both at the coarse and fine scale the solution
to an elliptic equation with oscillatory coe�cient when this coe�cient consists of a ”nice”, say periodic,
function that is locally perturbed. The approach is based on a local profile, solution to an equation similar
to the corrector equation in classical homogenization. The well-posedness of that equation will be explored,
in various functional settings depending upon the locality of the perturbation. This is a joint work with
C. Le Bris and P.-L. Lions.

Speaker: Cances, Eric (Paris)
Title: DFT for crystals with a random distribution of local defects

Speaker: Csanyi, Gabor (Cambridge)
Title: TBA

Speaker: Ehrlacher, Virginie (Paris)
Title: Approximation of e↵ective coe�cients in stochastic homogenization using a boundary integral ap-
proach
Abstract: A very e�cient algorithm has recently been introduced in [1] in order to approximate the solu-
tion of implicit solvation models for molecules. The main ingredient of this algorithm relies in the clever
use of a boundary integral formulation of the problem to solve. The aim of this talk is to present how such
an algorithm can be adapted in order to compute e�ciently e↵ective coe�cients in stochastic homogeniza-
tion for random media with spherical inclusions. To this aim, the definition of new approximate corrector
problems and approximate e↵ective coe�cients is needed and convergence results in teh spirit of [2] are
proved for this new formulation. Some numerical test cases will illustrate the behaviour of this method.

[1] ”Domain decomposition for implicit solvation models”, Eric Cancs, Yvon Maday, Benjamin Stamm,
The Journal of Chemical Physics 139 (2013) 054111
[2] ”Approximations of e↵ective coe�cients in stochastic homogenization”, Alain Bourgeat, Andrey Piat-
nitski, Annales de l’institut Henri Poincar (B) Probabilits et Statistiques 40 (2004) page 153-165
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Speaker: Garroni, Adriana (Rome)
Title: A discrete model for screw dislocations in crystals and dynamics on glide directions via Gamma-
convergence
Abstract: I will consider a discrete model for straight screw dislocations in di↵erent types of crystalline
structure. On anti-plane configurations the problem reduces to a two dimensional discrete model governed
by a periodic potential. We study the asymptotic expansion in terms of -convergence as the lattice spacing
tends to zero e we introduce a notion of e↵ective gradient flow for the point defects that account for the
glide directions of the crystal.

Speaker: Hall, Cameron (Oxford)
Title: Asymptotic methods for connecting the discrete with the continuum
Abstract: A major challenge in multiscale modelling is to find the appropriate connections between the
models that are relevant at di↵erent scales. This is especially di�cult when trying to connect discrete
models that track individual particles (whether they be atoms, discrete dislocations, or some other parti-
cle) with continuum models that deal with properties on a larger scale, such as deformation gradients and
dislocation densities. One way of approaching the problem of connecting these two scales is to use meth-
ods from classical asymptotics, such as the asymptotic approximation of sums using the Euler-Maclaurin
summation formula, the method of multiple scales, and the method of matched asymptotics.

In this talk, I will discuss Euler-Maclaurin summation and demonstrate how it can be used to exploit
regularity in the arrangement of particles to obtain the continuum model that is associated with a given
discrete model. Then, I will discuss how matched asymptotics can be used to analyse some cases where
the assumptions required for Euler-Maclaurin summation break down, leading to discrete-scale boundary
layer regions. From an applied perspective, these methods are useful because they demonstrate which
physical interactions are important on which material scales, as well as giving a systematic framework
for developing continuum models and canonical discrete models from a fundamentally discrete problem.
From the perspective of mathematical analysis, these methods are also valuable because they give a way
of finding ansatzes that can form the basis for establishing the convergence of energies via more rigorous
methods. Thus, asymptotic methods have the potential to be useful to a wide range of researchers working
on discrete to continuum upscaling.

Speaker: Legoll, Frederic (Paris)
Title: Formation free energy of defects: calculation by a QCM-type approach
Abstract: In this work, we consider the formation free energy of defects, that is the di↵erence between
the free energy of an atomistic system with defects (computed in the canonical ensemble) and the free
energy of the same system without any defects. This free energy di↵erence, in the limit of asymptotically
large systems, is a quantity of important practical interest. In practice, these quantities are computed by
approximate schemes. In this talk, based on joint on-going works with C. Ortner and L. Zhang, we will
discuss the accuracy of some standard numerical approaches when computing these quantities.

Speaker: Minvielle, William (Paris)
Title: Variance reduction in random homogenization : a control variate approach
Abstract: In this work, we introduce a variance reduction approach, based on a control variate technique,
for the homogenization of a random, linear elliptic second order partial di↵erential equation set on a
bounded domain in Rd. The random di↵usion coe�cient matrix field A(x

"

,!) is assumed to be uniformly
elliptic, bounded and stationary (“periodic in law”). In the limit when " ! 0, the solution of the equation
converges to that of a homogenized problem of the same form, the coe�cient field of which is a deterministic
and constant matrix A? given by an average involving the so-called corrector function that solves a random
auxilliary problem set on the entire space.

In practice, the corrector problem is approximated on a bounded domain Q
N

as large as possible. A
by-product of this truncation procedure is that the deterministic matrix A? is approximated by a random,
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apparent homogenized matrix A?

N

(!). We therefore introduce a variance reduction approach to obtain
practical approximations of A? with a smaller variance in order to reduce the statistical error.

Speaker: Nazar, Faizan (Warwick)
Title: TBA (electronic structure of defects)

Speaker: Perez, Danny (Los Alamos)
Title: Accuracy of Kinetics in Coarse-Grained Molecular Dynamics
Abstract: Multiscale methods that allow for a significant reduction of the number of dynamical degrees of
freedom compared to conventional molecular dynamics are in principle ideally suited to simulate the long
time dynamics of large systems. Indeed, the reduced computational cost associated with the integration of
the equations of motion should enable the extension of the timescale horizon amenable to direct simulation.
It is therefore important to assess the accuracy with which the long-time evolution is preserved upon coarse-
graining. However, kinetics has of yet received much less attention than dynamics (e.g., wave reflection
coe�cients) or thermodynamics. In this work, we quantify the error induced in Harmonic Transition
State Theory (HTST) rates by the coarse-graining process. We apply our analysis to the Coarse-Grained
Molecular Dynamics (CGMD) formalism of Rudd and Broughton. We provide both lower and upper
bounds on the error on the HTST rates in terms of spectral characteristics of the atomistic and coarse-
grained Hamiltonians and of the elastic response of the system. We identify and physically interpret the
sources of error and present guidelines to determine the appropriate level of coarse-graining.

Speaker: Reina, Celia (UPenn)
Title: A Self-Consistent Atomistic-Phase Field Model For The Study Of Ge Nanocrystallization
Abstract: In this talk we present a new multiscale model for phase transformation in a heat bath at
constant temperature. The model consists on a thermodynamically consistent phase field model that
reproduces exactly the interface energetics and kinetics of atomistically computed crystallization fronts.
As an additional feature, the interface thickness may be chosen arbitrarily large while preserving this exact
atomistic-to-continuum coupling, thus delivering a highly e�cient multiscale computational model. By
means of this multiscale approach, we study the interplay between nucleation and growth in the nano-
crystallization of amorphous Ge. We find simple scaling laws between the mean radius of crystallized Ge
grains, the nucleation rate and the time of crystallization.

Speaker: Schmidt, Bernd (Augsburg)
Title: An analysis of crystal cleavage in the passage from atomistic models to continuum theory
Abstract: We study the behavior of atomistic models in general dimensions under uniaxial tension and
investigate the system for critical fracture loads. We rigorously prove that in the discrete-to-continuum
limit the minimal energy satisfies a particular cleavage law with quadratic response to small boundary
displacements followed by a sharp constant cut-o↵ beyond some critical value. Moreover, we show that
the minimal energy is attained by homogeneous elastic configurations in the subcritical case and that
beyond critical loading cleavage along specific crystallographic hyperplanes is energetically favorable. For
a two dimensional model problem we also provide a complete characterization of the energy minimizing
configurations.

Speaker: Simpson, Gideon (Drexel)
Title: Relative Entropy Preconditioning for Markov Chain Monte Carlo
Abstract: One of the challenges in using Markov Chain Monte Carlo methods to sample from a target
distribution, such as the distribution of trajectories in a molecular dynamics problem, is finding a good
proposal distribution. An ideal prior distribution would both be easy to sample from and have a high
acceptance rate in the Metropolis step of the algorithm. This latter property ensures that the Markov
chain will rapidly explore the configuration space under the target distribu- tion. In this talk, we present

5



work on functionalized Gaussian priors which are preconditioned to minimize the distance, with respect to
relative entropy, to the target measure.

Speaker: Shapeev, Alexander (Skoltech)
Title: On the Accuracy of Defect Calculation at Finite Temperature
Abstract: The analysis of accuracy for the calculation of crystalline defects at zero temperature has recently
seen rapid development, but the rigorous analysis of the finite temperature case has seen little development.
In my talk I will present some recent results on the accuracy of finite-temperature defect calculation.

Speaker: Trinkle, Dallas R. (Illinois Urbana-Champaign)
Title: Lattice Green function calculations in the presence of a dislocation
Abstract: Flexible boundary condition for dislocations in bulk and in boundaries rely on accurate com-
putation of the lattice Green function (LGF) from first-principles data. Previously, the lattice Green
function for a perfect crystal was calculated directly from the bulk force constants, and applied to the
relaxation of dislocations. However, that relies on the perfect LGF as an approximation to the LGF for
the dislocation; even absent changes in the local force constants between atoms, a dislocation introduces
a topological change in the connectivity of atoms (corresponding to a Burgers circuit). We develop a
new numerical approach that accounts for the topology change of a dislocation, and estimate the error in
previous calculations from the perfect LGF.

Speaker: Van Koten, Brian (Chicago)
Title: The blended quasicontinuum (BQC) method for the simulation of defects
Abstract: We present an error analysis of the blended quasicontinuum (BQC) method, an atomistic/continuum
coupling designed to simulate crystallographic defects. Our analysis holds for point defects in 2D or 3D
crystals and also for straight screw dislocations. We show that as long as the defect is stable in the atomistic
model, BQC can simulate the defect accurately.

Speaker: Vorhees, Peter (Northwestern)
Title: The Phase Field Crystal Method: from Grain Growth to Solid-Vapor Interfaces
Abstract: Phase field crystal (PFC) models have been used to describe a wide range of phenomena from
grain growth to solidification and dislocation motion in crystals. The strength of the method lies in its
ability to follow the atomic scale motion that accompanies a process that occurs on di↵usive timescales.
Using this method, the evolution of the dislocation structure of a grain boundary and the local atomic
displacements of atoms near the boundary during grain growth has been examined. We find that the
atomic scale structure of the boundary gives rise to qualitatively new grain growth kinetics as well as both
grain rotation and translation. The grain translation is a result of the climb, glide, and interactions of
the dislocations that comprise the grain boundary. A PFC model of a solid-vapor interface will also be
discussed. We quantify the anisotropic solid-vapor surface energy and find well-developed step energies
from measurements on the faceted interfaces. Additionally, the strain field beneath a stepped interface is
characterized and shown to qualitatively reproduce predictions from continuum models, simulations, and
experimental data. Finally, the dynamic case of step-growth of a crystal into a supersaturated vapor phase
will be presented.
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