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• Understood: free electrons

• Real systems : Coulomb interaction

• Properties of realistic systems

• Free electron theory works quite well• Free electron theory works quite well
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ElementElement m*/mm*/m 

NbNb 22 11

3He3He 66 2020

H f iH f i 100100 100100Heavy fermionHeavy fermion 100100 100100
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DoesDoes LuttingerLuttinger Liquid exists ?Liquid exists ?Does Does LuttingerLuttinger Liquid exists ?Liquid exists ?



Spin chainsSpin chainsSpin chainsSpin chains

KCuF3
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Hint in spin systemsHint in spin systemsHint in spin systemsHint in spin systems

H J Schulz PRB 34 6372 (1986)H. J. Schulz PRB 34 6372 (1986)

Lineshape: 
FT of power law betterFT of  power law better 
than two 

i / i kgaussian/Lorentzian peaks

Tennent et al. PRB 52 13368 (1995) 
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D. Jerome, M,Ribault,J.Mazaud and K.Bechgaard (1980)
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Z. Yao et al. Nature 402 
273 (1999)( )



QuantumQuantum wireswiresQuantum Quantum wireswires

O M Ausslander et al  Science O M Ausslander et al  Science 298298 1354 (2001)1354 (2001)O.M Ausslander et al., Science O.M Ausslander et al., Science 298298 1354 (2001)1354 (2001)
Y. Tserkovnyak et al., PRL 89 136805 (2002) 
Y. Tserkovnyak et al., PRB 68 125312 (2003)
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B P d l N 429 277 (2004)B. Paredes et al., Nature 429 277 (2004)



Cold atoms: InterferencesCold atoms: Interferences

∫ L h ψ†(r) ψ(0) i S. Hofferberth et al. Nat. Phys 4 
489 (2008)∫0L h ψ†(r) ψ(0) i

hydrodynamic ?

489 (2008)

but K large (42) ρ ∼ ρ0
hydrodynamic ?
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ButButBut......But......

ii dj bldj blExponentExponent isis an an adjustableadjustable parameterparameter

UniversalityUniversality ? ? DifferentDifferent correlationcorrelationyy
functionsfunctions ? ? 

Variation Variation withwith a control a control parameterparameter ? ? 

can one do a quantitative test ???? 
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Jr

3 scales : 
Jr : rungs

J

Jr g
J : legs
J’ : interladder exchangeJ

J’

J  : interladder exchange

J

Triplons:
hard core bosons
1D : spinless fermions1D : spinless fermions
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Gapped

h
hc1 hc2

hc1 ∼ Jr ; hc2 ∼ Jr + J

A way to study interacting spinless fermions !

All microscopic parameters are known ! 
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• Analytical calculations (Luttinger liquid + y ( g q
BA)

• Numerical calculations (DMRG)( )

S. White 
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ComputeCompute u(h) and K(h) u(h) and K(h) fromfrom ((JJrr,J,h,J,h))pp ( ) d ( )( ) d ( ) ((JJrr,J,,J, ))

No No adjustableadjustable parametersparameters !!!!

GetGet all (all (severalseveral)) correlationcorrelation functionsfunctions(( ))

Allows to test for Luttinger Liquid ! 



LuttingerLuttinger parametersparametersLuttingerLuttinger parametersparameters



LuttingerLuttinger parametersparametersLuttingerLuttinger parametersparameters

M. Klanjsek et al., PRL  101 137207 (2008)



LuttingerLuttinger parametersparametersLuttingerLuttinger parametersparameters

M. Klanjsek et al., PRL  101 137207 (2008)



LuttingerLuttinger parametersparametersLuttingerLuttinger parametersparameters

M. Klanjsek et al., PRL  101 137207 (2008)

Red : Ladder (DMRG)
AGreen: Strong coupling (Jr ∞ ) (BA)
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BeyondBeyond LuttingerLuttinger liquidsliquidsBeyond Beyond LuttingerLuttinger liquidsliquids

• Luttinger liquids: allows to treat additional effects

• 1D simple perturbation: Lattice (Mott transition),p p ( ),
disorder (Bose glass) etc.

• Major deviations from Luttinger liquidsMajor deviations from Luttinger liquids 
(hard problems  )
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