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Realization of Luttinger liquids

Carbon nanotubes Quantum-Hall edge states,...

Quantum nanowires, organic conductors,

chain-like compounds Screw dislocation in hcp He 4




Haldane's bosonization
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Density

Path integral formulation

Excitations: phonons

marginal supersolid:

K<1 (>1): repulsive
(attractive) interaction

p(z) = 8(x—zp) =1 (kr + Op)[1 +2) cos(2m(p + kpz)))

power law decay of spatial and superfluid correlations




Conductance of clean Luttinger liquids
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Conductance of a dissipative Luttinger liquids with a single impurity (1)
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Conductance of Luttinger liquids with a single impurity (2) :

kink-interaction

strong impurity: RG for tunneling transparency L
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Conductance of Luttinger liquids with a single impurity (2)
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strong impurity: RG for tunneling transparency
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Conductance of Luttinger liquids with a single impurity (3)

K<l -> strong impurity: instanton

Apply voltage V-> metastable state: decay rate
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Experiment: short wires |/ T2*!" ~ max ( V/T, Vb*1/Ta*1)

* MoSe Nanowires, L ~ 1 um “Temperature” Exponent (a)
is close to
“Voltage” Exponent (b)

a=b

0.001 0.01 0.1 1 10 100

Agrees with the conventional

Xﬁr}faﬁf&n = Voltage “Luttinger-liquid” picture
o) Temperature with a=b=2/K-2




Conductance of Luttinger liquids with two impurity (1)
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source

Dissipative Luttinger liquids

Couple LL to a gate with normal electrons

(Cazalilla et al. '06) ->
2—5

) 2
p Scanning electron micrograph of nanowire
< field-effect transistor

d

integrate over gate electrons -> dissipation for K <
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Conductance of dissipative Luttinger liquids with a single impurity (1)
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Conductance of dissipative Luttinger liquids with a single impurity (2)

@ @ @ ‘ @ = @ @

$ol =% kink-interaction

fr)r~lnT & (27??)77K7')1/2

p=m

S A(V>t2€—47rF/(K26V)

L B(T)tQG—\/ALI‘/(TK?)

Cross-over to dissipation free behavior at eV /h~ Knv kT = Cn

7k cos(2kpx) KL
e Oscillat (p(lxl > L,)) = (1 +—">
Friedel-Oscillations By + 2y + DK | x]

Y&

14



Conductance of dissipative Luttinger liquids with two impurity
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Regime diagram at zero temperature
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Spin dependent transport
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separate spin and charge
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Magnetic field lifts degeneracy of Fermi points of spin up and down electrons
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Quantum dot SR
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Integrate degrees of freedom outside of impurities: -> 4 fields
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Strong impurities: -> number of electrons in the dot is integer
Vs 10 0 ->  minimization of classical action -> unique ground state
-> ground state degeneracy at particular lines -> resonance
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spin-down electrons can tunnel sequentially — =>
spin selective tunnel barrier



Strong impurities- continuation : consider resonance for spin down electrons
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Weak impurities: resonance condition




Conclusions:

Luttinger liquids show dissipation when coupled to a gate.

Dissipation stabilizes Wignher crystal, strongly reduces the tunneling
probability through impurities.

For tunneling through quantum dots in the presence of dissipation even under
resonance conditions transmission is not perfect. Transmission is
exponentially small when dissipation is sufficiently big.

In the absence of dissipation and under the influence of an external magnetic

field the resonance condition is fulfilled either for up or down spin electrons
which can act as a spin filter.
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