
Effects of disorder in fluctuating
one-dimensional interacting systems
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Anderson Model

H =
∑

i

Wic
†
ici −

∑
i,j

Iijc
†
icj + h.c

A = |Wi| ≤
W

2

Iij =
{
I j=i±1
0 otherwise

p (Wi) =
{

1
W |Wi| ≤ W

2
0 otherwise
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Scaling Theory

one parameter scaling g(L) = Ec(L)
∆L

Thouless energy Ec(L) = ~D(L)
L2

mean level spacing ∆L = 1
νLLd

scaling hypothesis: the conductance of a sample built of little blocks is a

function of the conductance od a single block g(L)

Gellman-Low eq:
d ln g
d lnL

= β(g)

metal - Ohm’s law

g(L) = ~
e2σL

d−2

β(g) = d− 2

insulator - hopping transport

g(L) ∼ e−L/ξ

β(g) = ln (g/gc)
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One dimensional systems

Quantum Wires Organic Conductors

Stripes
Nano-tubes
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Quantum Hall edge states,
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Luttinger Liquid
• Luttinger Model: low energy physics

ψσ(x) = eikF xψ1,σ(x) + e−ikF xψ−1,σ(x)

CuO

MIT

1D

GS

Fluct

R

C

toc



One-Dimensional Interacting Systems
• Luttinger Model: low energy physics

ψσ(x) = eikF xψ1,σ(x) + e−ikF xψ−1,σ(x)

H =
∫
dx
∑
ν,σ

[
ivF νψ

†
νσ∂xψνσ← kinetic term

e-e
forward scattering→+ 1

2
∑
ν′

[
g4δν,ν′ + (g2|| − g1||)δν,−ν′δσ,σ′ + g2⊥δν,−ν′δσ,−σ′

]
ρνσρν′σ′

+ g1⊥
2
ψ†νσψ

†
−ν,−σψν,−σψ−ν,σ← e-e backward

spin-flip scattering
impurity

forward scattering →+ η(x)ρνσ

]
+
∑
σ

(
ξ(x)ψ†1,σψ−1,σ + h.c

)← impurity
backward scattering
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RG equations for Static String

dKc

dl
= −1

2
vc

vs
K2

cDb

[
1− 1

2

(
vs

vc

)2−Kc
(

1 + 1
K2

c

)
(3−Kc −Ks − y)

]
dvc

dl
= −1

2
v2
c

vs
KcDb

[
1 + 1

2

(
vs

vc

)2−Kc
(

1− 1
K2

c

)
(3−Kc −Ks − y)

]
dKs

dl
= −K

2
s

2

[
y2

+Db

(
1− 1

2

(
vs

vc

)−Kc
(

1 + 1
K2

s

)
(3−Kc −Ks − y)− 2y

(
vs

vc

)−Kc
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dvs

dl
= −1

2
vsKsDb

[
1 + 1

2

(
vs

vc

)−Kc
(

1− 1
K2

s

)
(3−Kc −Ks − y)

]
dy

dl
= (2− 2Ks)y

−Db

[
1−

(
vs

vc

)−Kc
(

1 + y

4

(
Ks −

1
Ks

)
(3−Kc −Ks − y) + y

2
(K2

s + 1)− (Kc −Ks + y)
)]

dDb

dl
= (3−Kc −Ks − y)Db

dDf

dl
= Df
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RG equations for Static String - Spin Symmetry

dKc

dl
= −1
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vc

vF
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cDb
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RG equations for Rigid String - Spin Symmetry

dKc

dl
= −1

2
vc

vF
K2

c
Db√

1− e−$

[
1− 1

2

(
vF

vc

)2−Kc
(

1 + 1
K2

c

)]

+ vF

4vc
Db(K2

c + 1)
(

1−Kc −
3
2
y

)(
vF

vc

)−Kc
[
1 + 2

$
ln
(

1 +
√

1− e−$
)]

dvc

dl
= −1

2
v2
c

vF
Kc

Db√
1− e−$

[
1 + 1

2

(
vF

vc

)2−Kc
(

1− 1
K2

c

)]

− vF

4
Db

(
Kc −

1
Kc

)(
1−Kc −

3
2
y

)(
vF

vc

)−Kc
[
1 + 2

$
ln
(

1 +
√

1− e−$
)]

dy

dl
= −y2 − Db√

1− e−$

[
1−

(
vF

vc

)−Kc
]

+Db

(
1−Kc + y

2

)(vF

vc

)−Kc
[
1 + 2

$
ln
(

1 +
√

1− e−$
)]

dDb

dl
=
(

2−Kc −
3
2
y

)
Db

dDf

dl
= Df

CuO

MIT

1D

GS

Fluct

R

C

toc



RG equations for Rigid String - Spin Symmetry

d$
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RG Flow for Rigid String CuO
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RG equations for Elastic String - Spin Symmetry
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RG Flow for Elastic String CuO
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RG equations for Floppy String - Spin Symmetry
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RG Flow for Floppy String CuO
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