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Systems under consideration

1D Quantum Fluids ( Luttinger “63, Haldane “81)
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Minimal model - energy densities
p(x, ) ~ Vo + p1cos (Qx + 2¢(x)) + ... e
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Length scales
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Temperature scales
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Single impurity (weak or strong ), |- o
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K<1 (repulsive interaction)

— impurity relevant Kane & Fisher ‘92,
Furusaki & Nagaosa '93

G=oc/L~ T2K2
K>1 (attractive interaction)

—  impurity irrelevant
G ~ (K) e?/h



Pinning strength Single impurity
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Disorder average

(vr(X))r =0, (vp(x)vr(x))g = v8é(x —x')
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Relevance of weak disorder?

Free energy of domain of size L:
1\ 2
F~cLP(p/L)? - vRLD/ng —T—c (—) L=P— for?
¥

2
4-D T K
2 _Rp*P, Tre-n (_) ;21-0) ;2
c c © c

f=0:Min = o~ (L/Lp)S, (=252  ‘’poughness exponent’ "
self similar ground state

2
Lar'km-leng'rh Ly~ (LH) =D s , Larkin 1970, Imry & Ma 1975, Fukuyama & Lee 1978



Many weak impurities (Gaussian)
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Pinning strength Gaussian impurities
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Here: Many strong Poissonian impurities
1. What is a strong impurity? T<T,

no interaction (K=1): u>u.=ke

interaction (K<1):
— integrate out fluctuations with wave vector A<|k|<kg

~ -K '
u—u ~u (kF / A) Glazman et al. '92

strong pinning : | Ugrs 2 1 Fukuyama & Lee 78

—  u>u= ke (Ikp)?

2. What is a strong impurity? T>T,
strong pinning: A uge>» 1 —  u>uy (T)= ke (T/ep)tK

—  T<T; = & g (u/k )V
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Many strong Poissonian impurities:
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metastable states
(i) integrate out ¢(x,y) between impurities — ¢(x;,y) =b:(y)

(i) metastable state: ®;=n(n;-0;), ground state ni=>;. [ke(x;-X;.1)];.
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Tunneling under applied field: instantons
(=droplet of next metastable state)

y_V’C A (iii) consider instantons ¢(y)=@+n if |y|<D;-d, ¢,(y)=@ if |y[>D;+d

| 2D,
-3 -2 i-1 I i+1 i+2

4 0
di+mt —\
. ! i : y
LT ' N
<= 2Di



Tunneling under applied field: instantons

(iv) For simplicity: D=D , k<i < k+m, D, elsewhere

In tanh (z/2) - zfa?) }
f~E

Current ~ tunneling probability ~ exp {- S,qdie point(E)/ 7} s~ In (Clug)

If instanton hits + A{/2 — Cross-over to linear response
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Different regimes of conductivity
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Polydiacetylen Aleshin et al. 2004
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o Carbon-nanotubes: Tang et al. 2000
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Fig. 4. The temperature dependence of the conductance
measured at zero bias voltage.



Conclusions:

Considered 1D driven quantum model with periodic disorder:
CDWs and Luttinger liquids

Limit of strong disorder: instanton calculation

— linear and non-linear conductivity

— field and temperature cross-over between single and
many impurity tunneling

— small field and temperature: Mott-Shklovskii-VRH

— larger E,T: Kane-Fisher-..... power law behavior

— global weak/strong pinning regime diagram
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