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Introduction

For a spin-boson model the dephasing of a non

equilibrium state.

ρ01(τ) ∼ e−K(τ)

The same in equilibrium

〈σx(t)σx(t + τ)〉 ∼ e−K(τ)

With

K(τ) =

{

T τ T > 0

log τ T = 0

Similar behavior applies for the Brownian particle

with CL environment

We study the semiclassical dynamics, in particular

the dephasing of a particle on a ring.



Caldeira-Leggett environment

For the CL environment the Langevin equation of

motion

m~̈x(t) + η~̇x(t) = ~ξ(t)

Projected on a ring

mRθ̈(t) + ηRθ̇(t) = ξx(t) cos θ(t) + ξy(t) sin θ(t) + F

The noise correlation by FDT

〈ξi(ω)ξi(ω
′)〉 = h̄ηω cothβh̄ω δ(ω + ω′) i = x, y

We consider the T = 0 limit, ω cothβh̄ω → |ω|,

the correlation in time

B(τ) = 〈ξi(t)ξi(t + τ)〉 = −
1

πτ 2
τ > 0 i = x, y



Correlation Function

Define dephasing via the correlation functions

with τ = t − t′

X(τ) = 〈cos θ(t) cos θ(t + τ)〉

A perturbative results of the correlation function

with 1/η̄ = h̄
ηR2

X(τ) ≈

{

1
2
τ−1/η̄ v = 0

cos vτe−vτ/η̄ v 6= 0, τ > 1
v

The correlation functions for finite v for various η̄
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F = 0

For η̄ ≫ 1 the decay is close to a power law

For η̄ ∼ 1 an exponential decay

20 40 60 80 100 120
0.49

0.492

0.494

0.496

0.498

0.5

τ

X
(τ

)

0 20 40 60 80 100
0

0.1

0.2

0.3

0.4

0.5

τ

X
(τ

)

η̄ ≪ 1 the behaviour determined by φ

mRθ̈(t) + ηRθ̇(t) = |ξ(t)| sin (θ(t) − φ(t))
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Current

Langevin equation with spatial temporal noise

mRθ̈(t) + ηRθ̇(t) = f(θ, t) + F

An expression for the velocity

v =
F

η
−

∫

∞

0
(1 − e−τη/m) ∂θ 〈f(θ, t)f(θ′, τ + t)〉 dτ

In out case with B(τ) < 0 then v > F

v =
F

η̄
−

1

η̄
log v

10
−2

10
−1

10
0

0.95

1

1.05

1.1

1.15

1.2

1.25

E

v
/
E



Dirty Metal

The Dielectric function

ε(q, ω) =
4πσ

−iω + Dq2

With FDT, the force correlation function

Kf (X, τ) =
∑

n

√

βn(r) cos (n(θ(t) − θ(t′)))B(τ)

Langevin equation for the particle dynamics with

g = h̄/ℓ2η

mRθ̈(t) + ηRθ̇(t) =
∑

n

βn(r)
{

ξn
x (t) cos nθ(t) + ξn

y (t) sin nθ(t)
}

〈ξn
i (ω)ξm

i (ω′)〉 = g |ω| δ(ω + ω′)δn,m i = x, y

Where the Fourier coefficients r = R/ℓ

βn(r) ≈











n
r
e−n/2r r ≫ 1

δ1n r ≪ 1

In the R ≪ ℓ limit it reduces to the CL equation



The perturbation expression is as the CL results

X(τ) =
1

2
τ−g/πr2

The current dependence on r

v ≈
F

η
+ g











1/r2 r ≪ 1

1/r r ≫ 1
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The dephasing decreases as r increases



Summary

In this semiclassical model dephasing exists at the

T → 0 limit.

The dephasing decreases as r increases.

The Noise enhances the current in the ring.


