


•Basic Features :

Elasticity Disorder

(Thermal, quantum) fluctuations



Many physical systemsMany physical systems

• Melting
• Glassy phases
• Defects

Competition ``Order’’ / ``Disorder’’

• Interfaces
• Periodic systems
• Quantum systems



QuestionsQuestions

• Statics

• Dynamics

• Link with other systems : 

- conventional glasses

- non reversible systems 



ElasticElastic descriptiondescription

R0
i : crystal

ui : displacements

n=2 d=3 vortices

Elastic hamiltonian
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Thermal fluctuations : Thermal fluctuations : MeltingMelting

c
Tlu T ∝= 22

Lindemann criterion of melting : 
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Two Two crucial crucial lengthscaleslengthscales

• Positional order
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• Larkin length
ξ≈)( cRu

C(r)

rRa

)(qS
d
aR

qaR/1aR/1−



LossLoss of of translational order translational order ((LarkinLarkin))
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Naive Naive vision of a DESvision of a DES
• Loss of translational order beyond Ra

• (Wrong) argument: disorder induces 
dislocations at Ra

Ra Crystal broken 
in crystallites 
of size Ra



Bragg GlassBragg Glass

•Existence of a thermodynamically stable 
glassy phase with quasi long range 
translational order  (power law Bragg peaks) 
and perfect topological order (no defects)

K0 q

S(q)

TG + P. Le Doussal PRB 52 1242 (1995)



NeutronsNeutrons
)(qS

d
aR

qaR/1aR/1−

No positional order Bragg Glass
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• Collapse of intensity without broadening



I. Joumard et al. PRL 82 4930 (99); T. Klein et al. nature (01)



UnifiedUnified phase phase diagramdiagram
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DynamicsDynamics

• Competition between disorder and elasticity: 
glassy properties

• Dynamics ?

Large v:

Nature of 
moving phase ?

Depinning:
( )β

cF-Fv ∝
Fc F

v T≠0

T=0

Creep: 
v=????



Pinning Pinning ((FcFc) ) and Larkin length and Larkin length ((RcRc))
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TAFF TAFF vs Creepvs Creep
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• TAFF : typical barrier

• Linear response Fev ∆−∝ β



CreepCreep
• Glassy system

• Slow dynamics determined by statics qty 
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Peak EffectPeak Effect
V

J
J1

BrG

J2 (disordered)

TG +P. Le Doussal PRB 55  6577  (97)

• Peak at « melting » 
of the Bragg glass :

• second peak in 
magnetization

• Peak effect in 
transport



Large VLarge V
Interfaces reorder at large V

Rv

Naively: periodic structure is the same ! 

Crystal at large v ?? (T changed by disorder)

Moving glass TG + P. Le Doussal PRL 76 3408 (1996); 
P. Le Doussal + TG PRB 57 11356 (1998).



S(q)

Coupled channels: Moving BrG
S(q)

Decoupled channels:Smectic

S(q)

No channels:Plastic



Dynamical Dynamical Phase Phase DiagramDiagram
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Transverse critical forceTransverse critical force
Crystal
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• Quantum problems:
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