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Outline

e 1D disordered quantum nanowires
Luttinger-type physics ( High T)
Anderson localization ( Low T)

 Kinetic theory of strongly correlated (non-Fermi)
disordered 1D liquids

Basis: Keldysh-type 1D ballistic o-model.
e Result: coupled “quantum kinetic equations” for

electrons and plasmons
Output: relaxation times.

e Conclusions & Outlook



1-D Quantum Wire
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Good contact,
6. >> 6q

I~L, G~G,| - Limit of weak disorder

gate

max(eV,T)> E, ~v./L - Thouless energy
( 1D case )



Fermion Action

e Single-channel wire
w(x)=y (x)e"" +y (x)e " p,(x)=y (DY, (x)

1-D fermions: left/right movers

S:ij drfde;iﬂ(a, p, +S,.,
0 u=t

¢ :
linear spectrum !

" Cj dtI{Ub (DY, Wy + h°C°}

 White-noise disorder: <U , (x)U b (x2)> =0(x, —x,)/(2v,7)

T - elastic scattering time Backscattering amplitude !



Fermion Action

e Screened Coulomb interaction
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e Bosonic modes are plasmons ( charge density waves) !

u,=vpl K

K=(1+Vq/7’[VF)
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Interaction constant




DC conductance

Conductance

AG(E)=~G,R(E)
A 1-K
R(E)= R, (Ej

Renormalization of
reflection coefficient

( Kane & Fisher '92
Ponomarenko '94,

40 05 00 05 1.0 Maslov'od, ... )
eV/A

Short wire, L<<|(E+,). weak backscattering limit



Experiment on V-groove wires
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Weak to Strong Localization
O'(T) Gor'nyl Mirlin, Polyakov '05 Drude
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, AT T=0 and D < 2 all electronic states are localized"



Experiments on Energy Relaxation

f(E
(A) Diffusive quasi-1D wires
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F. Pierre, H. Pothier, D. Esteve, M.H. Devoret, A.B. Gougam
and N.O. Birge, 2000-2003




Distribution function
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Experiment

Non-equilibrium tunneling spectroscopy in carbon nanotube
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Energy Relaxation in 1D

e In the clean Luttinger Liquid (integrable model!)
there is no energy relaxation!

@equilibrium state =) no relaxa@

e Disorder == allows for relaxation to equilibrium
( This talk ! )

* Energy relaxation beyond Luttinger Liquid

Curvature in spectrum + finite range interaction
(A.M. Lunde, K. Flensberg, L. Glazman' 07 ) mm)

small in parameter T/Eg<<1



How one should describe

the non-equilibrium state
of the Luttinger Liquid?



“Functional” bosonization

We use the Hubbard-Stratonovich decoupling scheme
e Semiclassical Keldysh Green‘s function at x=x°

g(xatptz) :iVF [G(X,X+O,f1,f2)+G(X,X—O,t1,t2)]

Using the ideas of the non-

equilibrium superconductivity! cf. Shelankov’ 85

* Eilenberger equation ( exact for linear spectrum in 1D ! )

Equation of motion for electron in the fluctuating electic field
iv,0 g +[(z’8t @ %(qu +Ub*z'_), g} =0

Impurity
Hubbard-Stratonovich backscattering

decoupling field Normalization




1D Keldysh action

Based on ideas of
Muzykantskii, Khmelnitskii ‘95 & Kamenev, Andreev ‘99

Born approximation over impurity scattering: ——~
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e Effective action
Keldysh-type 1D ballistic o-model
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Kinetic equation for electrons
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cf. the kinetic equations in plasma physics
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Emission rate (in one-loop)

RPA-like effective e-e interaction: V"' (w,q)
-~ Plasmon propagator, TTS .
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Large energy transfer, w>>T,

We treat contributions from different poles separately !
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Resonant process!

Emission rate of plasmons: |I" (w)=) L (w)(1+n))
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Collision Kernel

10°F 2 2
o/ ((O’E) Resonant enhancement of
i inelastic scattering due to L,
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Weak interaction limit, o=V /mvg<«1



Small energy transfer, w<<T,

Plasmon-mediated two-fermion scattering
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2 Collision Kernel
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Weak interaction limit, o=V /mvg<«1



Kinetic equation (plasmons)

Decay and recombination of plasmons
from/into electron-hole pairs
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Total Collision Kernel

L, Spinless vs. spinfull electrons
(04
T - = = = spinful
Yo spinless
N\
N\
N\ Resonant

enhancement

Weak interaction limit, o=V /mvg<«1



Relaxation times

e Equilibration rate

( Relaxation rate of the electron
system to the locally equilibrium

Fermi distribution)
T>T=1/at
1 ‘ 1
= T‘IJK(a))a)zda) ~
7 () g T

1/t

= Impurity scattering rate Il
(Interaction and T independent!)

e Out-scattering rate of electron
( It is determined by the out-term of kinetic equation)

1
~T_[K(a))da) =a’T
0

Relevant for zero-bias anomaly,
same as in clean limit



Electron distribution function
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Summary

Kinetic theory approach to non-equilibrium
Luttinger Liquids

 Formulated Kinetic-equation description of a
Luttinger liquid out of equilibrium

e Disorder-induced resonant enhancement of inelastic
scattering

e Equilibration rate = elastic scattering rate



