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Fermi liquid : crash course

o Individual fermionic excitations exist (as
for free electrons)

n(k)




D=1

« No Individual excitation can exist (only
collective ones)
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» Strong quantum fluctuations (' no”’
ordered state or mean field possible)



How to study

e Exact methods (Bethe Ansatz)
EXxact

spectrum; limited to very special models

e Numerics

~ Exact™ -
special models, size limitations,

guantities specific to models

* Low energy methods methods



How to solve

« [dentify the low energy excitations

« Bosonization method



Particle hole excitations
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More convenient to use

H = j Ve [(A1(X))" + (VD (x))°]

5= | OIXOIT[VF (0, (x, 7))+, (0,0, )]
 Phonon Hamiltonian

e Link with 2d stat mech



Interactions

H = j —[uK(sz(x» +—(v<1>(x)) ]

e U velocity of sound

e K dimensionless parameter,
K< 1 : repulsive
K>1 : attractive



Properties

* Only collective excitations

e Thermodynamics

e Looks like a Fermi liquid for g~0



Fermion operator



Correlation functions

Non universal decay of correlation
functions
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Single particle excitations
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No Landau Quasiparticles
n(k)

n(k)



Finite temperature

Conformal theory




Phase diagram

Most divergent fluctuations
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System with spin

Same treatment

More convenient



H=H +H,

Charge excitations
Spin excitations

Charge-spin separation
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Correlation functions

Perturbation (small U)
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Spin sector more complicated (gap)

H = j —[uK(nH(x» +—(v<1>(x)) ]

+g j dx cos(+/8® (X))

Anomalous correlation functions

photoemission

NMR
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FIG. 3. Spectral function p;(g,®) for the spin-J Luttinger
liquid for ¢ > 0. "
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Luttinger liguid concept

 How much Is perturbative

e Nothing provided the correct u,K are
used

e Low energy properties: Luttinger
liguid (fermions, bosons, spins...)



General Derivation (Haldane)
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Interacting Bosons
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Fermions

(p(x)p(0)) = —+Alcos(2k x)( jp

o,

+ A, cos(4k x)()l(j

Hubbard U=0 K =1
Yo,
U=w K =1/2



How to compute (u,K)

e Perturbation

e Exact solutions (Bethe Ansatz):
thermodynamics

e Numerics



U/VF - n
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Conclusions

e Good control of d=1 massless phases
e Massive phases
e Luttinger Liquid: crucial starting

point to study perturbations (lattice,
disorder, etc.)



Examples



Lattice
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Mott insulator:

¢ is locked T




Coupled one dimensional bosons

atoms

Cold Bosons
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Interchain hopping

—t1 ) /dfﬁwg(w)?ﬂﬁ(m) = —upo/dwei(eo‘(fc)_%(m))
(0, 8)

Wants to order O on each chain

Competes with Mott potential that wants to
order ¢



Mott vs. Josephson
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“Mott” potential: localizes atoms —

Josephson coupling: delocalizes atoms—
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Phase diagram

Anisotropic
3D SF
Qﬁ\x(BEC)




Mesoscopic effects

* Charging enery of atube E. =~n Vv /KL
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Phase diagram for finite tubes
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Experiments
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Large quantum depletion



Disorder, no interactions

Backscattering gives localization

Compressible system

Localization length Is mean free path



Bosonized representation

Disordered
Elastic System




