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Fermi Fermi liquidliquid : crash course: crash course

• Individual fermionic excitations exist (as 
for free electrons) 
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k

Z



Goal of Goal of thethe gamegame

• Electron + interactions : physical
properties ???

• d=3 : Fermi liquid = interactions not 
really important

• Special cases (d=1, strong interactions, 
disorder … )



D=1D=1
• No individual excitation can exist (only
collective ones)

• Strong quantum fluctuations (``no’’ 
ordered state or mean field possible)



LuttingerLuttinger liquidliquid
Spin charge separation

No fermionic quasiparticles
Power law decay of correlation
functions
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MI due to interactionsMI due to interactions

Commensurability + interactions =
Mott transition 

Commensurability + interactions =
Wigner crystallization



MottMott TransitionTransition

½ filling

Any commensurate filling works

• Charge gap



ExampleExample: : MottMott in d=1in d=1

Excitations (solitons of charge) are like
fermions



Wigner Wigner crystalcrystal

• Long range interactions 

• Low densities
• Kill kinetic energy with a magnetic
field



EffectEffect ofof disorderdisorder

• Anderson localization

• Mott insulator + disorder : Mott glass 
[E. Orignac, TG, P. Le Doussal PRB 64 245119 (2001)]

• Wigner crystal + disorder :
Quantum crystals

[TG,E. Orignac, cond-mat 0005220; TG cond-mat 0205099]



DisorderDisorder andand interactionsinteractions

• d=3

U
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Wigner Wigner CrystalCrystal

E.Y. Andrei, et al PRL 
60 2765  (1988)

R.L. Willett, et al. PRB 38 
R7881  (1989)



C.-C. Li, et al. PRB 61 
10905  (2000)F.I.B. Williams  et al.

PRL 66 3285  (1991)



Model for quantum Model for quantum solidssolids
•Forget exchange
(valid inside crystal
phase)

• Model by a 
quantum crystal

• Elastic description

3 lengthscales:  lc, a, rf
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Quantum effects, Coulomb, Lorentz
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ConventionalConventional WisdomWisdom

Ra Each block is
pinned
individually

)(ωσxx

ω

• pinning at Ra

• Broadening ? 
(lorentzian))( ap Rω



DoesDoes itit workwork ??

2/1+∝npωTheory :

Measured
2/1−

∝npω
2/3−

∝npω

cp Cste ωω /=Theory :

Measured : ωp increases with B



ConductivityConductivity

• Glassy properties (RSB)
• ωp fixed by Rc not Ra : ωp↑ with B

2/3−∝ npω• R. Chitra, TG, P. Le Doussal PRL 80 3827  (1998);
PRB 65 035312 (2001)



DefectsDefects in in crystalcrystal

Ra Crystal broken
in crystallites
of size Ra

Bragg glassD=3

)/log( aRc
ad

aeR=ξD=2



• Bragg glass  at intermediate distances

Elastic theory does give the ac
transport correctly even in d=2

Defects crucial for dc transport 



CompressibilityCompressibility

• Standard (density-density correlation)

0)0( ==nωκ

• Capacitance measurement :

Q
Vd
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• Normal metal : 
λ2/1 =elC

Coincides with
compressibility

d λ

• Wigner crystal : 

0/1 <elC Overscreening

Not changed by disorder



PuzzlesPuzzles

• Broadening in B dependence

• Hall resisitivity cxy B ρωρ /)( →

• Compressibility

( ) 00 →→ωκ0)0( κωκ ==n

Correlation (Coulomb) gap ?



ExperimentsExperiments for B=0for B=0

• Optical conductivity; density
dependence of ωp

• ωp versus threshold field

• Hall resistivity versus longitudinal 
current (transverse critical force)



ConclusionsConclusions

• Strong interplay between disorder
and interactions 

• Importance of quantum crystals

• Good tools for statics and ac transport

• Glassy behavior of pinned crystal



PandoraPandora BoxBox

• Dislocations 

3D: lucky (Bragg glass)

2D: dislocations control dc transport

Melting

• Non linear transport in quantum case

• Aging and other glassy goodies
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