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Charge Density Wave (CDW)
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Electron Density p(r) = pPo + p1 COS (QX + ¢)



Density Decomposition
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Density Decomposition
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Electron Density  p(r) = po+ %&(qb(r) + p1 cos (Qx + ¢(r))



Short Range model

H = / e (Vo(r))?* — V(m)o(r)

V(r)dxo(r)

Forward Scattering Hgyis = —%
-

Backward Scattering  Hg;c = —p1 /V(r) cos (Qx + ¢(r))

Statistical Tilt Symmetry



Weak disorder (d = 3)

B(r) = / B(@d(—a)[1 — cosqr] = BFS(r) + BBS (1)

q
BFS(T) saturates
Random force model (Larkin)

B(r) ~r Replica Symmetry

Bragg glass phase (Nattermann, Giamarchi, Le Doussal)

B(r) ~ log(r) Replica Symmetry Breaking



Coulomb Interaction 1

Hy = L / TG990

2/ (2m)3
_ ncthU2 q2
G~ H(q) = L[ : +qi]
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d = 3: Random force model (Efetov, Larkin)

B(r) ~ log(r)

d = 3: Replica Symmetry Breaking (Rosso, Giamarchi)

B(r) ~ log(log(r))

Upper critical dimension: d. =4 — d. = 3



Coulomb Interaction 2

Hys = / drdr/PEPme ()

lr = ']

Backward Scattering

Hdis_ _ —p1/COS (QCC—FQb(I')) Pimp.(r’)

lr =]

Forward Scattering

- _ _Ppo Pimp.(T')
Hais. == ), %0 =]



Backward Scattering

Backward disorder is still short ranged

B(x) ~ log(log(r))
Forward Scattering

The action is still quadratic

B> (r) ~ log(r)



Intensity of the spectrum




X-ray spectrum: two satellites

CDW CDW

satellite satellite




Experiments:
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Ravy et al., Phys. Rev. B 62, R16231 (2000) Blue Bronzes:
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Developing I(q) = Iq+ 1o+ . ..

LK+Q+h) ~ [dre ™ Cyn),

LIK+Q+Ek) ~ / d’r e *TCy(r)

with
Ca(r) = (e@EA=2=/)
= Ci°(r)Cg(r),
Ci(r) = x(r)Cy(r)
1
x(r) ~ =

r



Symmetry Properties




Results

disorder elasticity
Short range Long range
Short range  I;(q) ~ ¢" 3 Ii(q) ~q~°
Id(Q:c) ~ HQxHK_Q

Long range Unphysical _
g g pny Ti(g.) ~ HqL||2(I€ 2)

n ~ 1 is the Bragg Glass exponent

K 1s not universal
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for Ko.3sMoOQOs, & in the range [0.16 — 0.8].






Conclusions:

Non-local elasticity changes statics and dynamics of CDW
Long range disorder affect only the forward scattering term
Coulombian disorder does not affect dynamics

Smectic-like behaviour in statics



