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Dissipative environments

Path Integral

Z =

∫
e−S[q,xα]D[q, xα]

Caldeira Legget Model

S[q, xα] = SSystem[q] + SEnv[xα] + q
∑

α

cαxα

SEnv =

∫ ∑
α

{
mαẋ2

α + mαω2
αxα

}

SSystem =

∫
τ

Mq̇2
τ

Integrating over the Environment Degrees of

freedom

SDissipation = η

∫∫
π2T 2(qτ − qτ ′)2

sin2 πT (τ − τ ′)
dτdτ ′

For large T SDissipation =
∫

τ
ηq̇τ



Model

Particle on a Ring (R = 1)

S[θ] =

∫
τ

Mθ̇2
τ + η

∫∫
π2T 2 sin2 (θτ − θτ ′)

sin2 πT (τ − τ ′)
dτdτ ′

Magnetic flux φx

Z =
∞∑

m=−∞

e2πimφx

∫
D[θ]

e−S[θ(m)]

Interest in the velocity correation function

K(τ) =
〈
θ̇tθ̇t−τ

〉
=

∑
m e2πimφx

∫
D[θ]

θ̇tθ̇t−τe
−S[θ(m)]∑

m e2πimφx
∫
D[θ]

e−S[θ(m)]

K(ω) = Tω2
〈
|θω|2

〉
= K0 + K1 |ω|+O

(
ω2

)
K1 the dissipation term



Path Integral Monte Carlo

Minimization of the action by Markov Chain

Detail Balance

π(a)p(a → b) = π(b)p(b → a)

π(a) stationary probability to be in state a

p(a → b) transition probabily states a and b

Metropolis algorithm, any step is accepted with

p(a → b) =

{
1 π(b) > π(a)

π(b)/π(a) π(b) < π(a)



Back to the Model

Stationary Probability

π(θ) =
∑
m

e2πimφxe−S[θ(m)]

Markov Chain

θτ → θτ ± A ; θω → θω ± Aω

Numerical Results for the velocity correlation
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