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What’s new in Cluster Dynamics

About Cluster Dynamics
First Part: Early Algorithm and Main Idea
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What's new in Cluster Dynamics Background

Outline
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New algorithm
Stochastic approaches and early results
First result

2 Going further: welcome to the real world

3 A mathematical study of Cluster Dynamics
CD is well-posed
On the Fokker-Planck approximation
Some numerical analysis
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What's new in Cluster Dynamics Background

Cluster dynamics (Motivations)

X Simulate the microstructure evolution of materials under irradiation or
thermal ageing

(a) [Farrell et al.,
Scripta Metall., 1977]

(b) Simulated distribution of
vacancy clusters
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What's new in Cluster Dynamics Background

Cluster dynamics (Motivations)

X Cluster dynamics (CD): mean-�eld approach, large set of rate
equations! curse of dimensionality.

! deterministic approaches: Fokker-Plank approach1

! stochastic approaches: SCD2

! hybrid approaches3;4

X We propose a hybrid deterministic/stochastic algorithm taking
advantage of both methods.

1 [Wolfer et al., Tech. rep., Wisconsin Univ., 1977]
2 [Marian et al., J. Nucl. Mater., 2011]
3 [Surh et al., J. Nucl. Mater., 2004]
4 [Gherardi et al., Comput. Phys. Commun., 2012]

P. Terrier (Ecole des Ponts) Séminaire des doctorants - CERMICS 5 / 39



What's new in Cluster Dynamics Background

Cluster dynamics (Model)

Rate equations (for clusters of sizen)

dCn

dt
= � n� 1Cn� 1Cvac � (� nCvac + � n)Cn + � n+ 1Cn+ 1; n � 2 (REn)

dCvac

dt
= Gvac � � 1C2

vac �
X

n� 2

� nCnCvac +
X

n� 2

� nCn + � 2C2 (REvac)

Conservation law

d
dt
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X
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nCn

1

A = Gvac (1)
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What's new in Cluster Dynamics New algorithm
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What's new in Cluster Dynamics New algorithm

The problem we solve (1/2)

X Large set of non-linear ODEs

! Splitting into one non-linear ODE (Cvac) and a large set of now linear
ODEs(C2; C3; � � � )

! Evolve(C2; C3; � � � ) with �xed Cvac, then evolveCvac with �xed
(C2; C3; � � � ).

(REn) is now linear! decomposition between small and large size clusters,
with appropriate methods for each class.
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What's new in Cluster Dynamics New algorithm

The problem we solve (2/2)

X Large set of linear ODEs
! Decomposition and solving with dedicated methods

(a) Initial distributions (b) Propagated distributions

Figure: Main idea of the algorithm: initial distribution decomposed into two
distributions, both distributions are propagated independently.
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What's new in Cluster Dynamics New algorithm
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What's new in Cluster Dynamics New algorithm

Summary
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