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ManyMany systemssystems: interfaces: interfaces
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Other: crack propagation, growth, etc. 



StaticsStatics

Elasticity disorder

H =
c

2

Z
dz(∇u(z))2+

Z
dzV (u(z), z)

Line is rough

u(L) ∼ Lζ

ζeq = 2/3 in d=1

Line is glassy Line is pinned



DynamicsDynamics

Fc F

v T≠0

T=0

η∂tu(z, t) = c∇2u(z, t)+Fpin[u(z, t)]+F+ξ(z, t)

How to view depinning ?

steady state motion



DepinningDepinning as a as a criticalcritical phenomenaphenomena ??

(D.S. Fisher)

F

v
Depinning Crit. phen.

F T

v magn.

Suggests : critical exponents for F ∼ Fc



ExponentsExponents and divergent and divergent 
lengthscaleslengthscales

Order parameter: v ∼ (F-Fc)β

Divergent length: ξ ∼ (F-Fc)−ν

Divergent time: t ∼ ξz

Scaling relations:
ν =

β

z − ζ =
1

2− ζ



RoughnessRoughness of lineof line

F = F = FcFc

Line Line isis rough but rough but withwith ζζ = = ζζdepdep ζζdepdep ∼∼ 1.2.. 1.2.. 

Large Large lengthscaleslengthscales v v ≠≠ 0 0 

Rv

ζ = ζth

ζζthth ∼∼ 0.5 0.5 



ConsequenceConsequence for aspect of line for aspect of line atat
T=0T=0++

FFc0

L ξ

ζ = ζth

ζ = ζdep

ζ = ζequ

Phase APhase B

Critical



How to How to studystudy

T = 0T = 0

OnlyOnly transienttransient dynamicsdynamics

Divergent Divergent lengthscalelengthscale in in transienttransient
(Middleton, Fisher, (Middleton, Fisher, NarayanNarayan, Chen, , Chen, MarchettiMarchetti))

VeryVery seriousserious problemproblem withwith FRG FRG analysisanalysis of F of F →→
0 (0 (creepcreep))

(Chauve, TG, Le (Chauve, TG, Le DoussalDoussal))



ConsequenceConsequence for aspect of linefor aspect of line

FFc0

L
ξ

ζ = ζth

ζ = ζdep

ζ = ζequ

ζ = ζdep

??



NeedNeed to to studystudy T T ≠≠ 0 0 steadysteady state state 
motionmotion

AnalyticAnalytic

FRGFRG DifficultDifficult ! and 4! and 4--dd

NumericsNumerics

MolecularMolecular dynamicsdynamics ExtremelyExtremely slow: slow: 
inefficientinefficient



NovelNovel AlgorithmAlgorithm

A.B. Kolton, A. Rosso, TG, W. Krauth cond-
mat/0603297 (PRL)

• Equilibrium: One dominant configuration when T→ 0



DynamicsDynamics for Tfor T→→ 00++

Also one dominant configuration



How to How to findfind itit ? ? 

Enumeration of all « good » moves

Works well when nucleus size not too big (F ∼ Fc)



Dominant configuration F<Dominant configuration F<FcFc



GeometryGeometry

ζeq at small scales



DynamicalDynamical phase phase diagramdiagram



ConclusionsConclusions

NovelNovel algorithmalgorithm to to tackletackle the the dynamicsdynamics of a of a 
lineline

No divergent No divergent lengthscalelengthscale visible in visible in steadysteady state state 
whenwhen FF→→ FFcc

--

DepinningDepinning cannotcannot thusthus bebe viewedviewed as a as a 
«« standardstandard »» criticalcritical phenomenaphenomena



PerspectivesPerspectives

Observation of the Observation of the lengthscaleslengthscales ((magneticmagnetic
domainsdomains))

DeterminationDetermination of of otherother quantitiesquantities ((barriersbarriers, , 
etc.)etc.)

Analogies Analogies withwith lessless conventionalconventional criticalcritical
phenomenaphenomena ? ? 


