
Models for quantum dissipation 
 

 
Instead of trying alternatives for the canonical quantization 
procedure to dissipative systems we shall appeal to the 
system – plus – reservoir approach . Once the behavior of 
the complete system is known one traces out the 
environment degrees of freedom in order to describe the 
effective dynamical or equilibrium properties of the system 
of interest. 
We propose a model of the system coupled to a bath of 
non-interacting harmonic oscillators with a given spectral 
function in such a way that Brownian motion is recovered 
in the classical limit. 



The minimal model 
 
We assume the coupled system can be described by 
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Equations of motion  

Laplace transform  of the kth coordinate of the bath 

Equation of motion of the variable of interest as a function of 
time 

Mq̈ = �V 0(q) +
X

k

Ck qk �
X

k

C2
k

mk !2
k

q

mk q̈k = �mk !
2
k qk + Ck q

q̃k(s) =
q̇k(0)

s2 + !2
k

+
s qk(0)

s2 + !2
k

+
Ck q̃(s)

mk (s2 + !2
k)



One rewrites 

The last term on the LHS is 

or  



Defining the spectral function 

one gets 

The spectral function 
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Modelling the spectral function as  

We rewrite 

and                                                                      as 

d

dt

tZ

0

2 ⌘ � (t� t0) q(t0)dt0 = ⌘ q̇ + 2 ⌘ � (t) q(0)



˜f(t) =
X

k

Ck

⇢
q̇k(0)

!k
sin!kt + qk(0) cos!kt

�

q̄k ⌘ Ckq(0)/mk!
2
k

X

k

C2
kq(0)

mk!2
k

cos!kt =

X

k

Ck q̄k cos!kt

f(t) =
X

k

Ck

⇢
q̇k(0)

!k
sin!kt + (qk(0)� q̄k) cos!kt

�

hqk(0)i = q̄k and hq̇k(0)i = hq̇k(0)�qk(0)i = 0,

hq̇k(0) q̇k0(0)i = kB T

mk
�kk0 ,

h�qk(0)�qk0(0)i = kB T

mk !2
k

�kk0

hqk(0)i = q̄k and hq̇k(0)i = hq̇k(0)�qk(0)i = 0,

hq̇k(0) q̇k0(0)i = kB T

mk
�kk0 ,

h�qk(0)�qk0(0)i = kB T

mk !2
k

�kk0

hqk(0)i = q̄k and hq̇k(0)i = hq̇k(0)�qk(0)i = 0,

hq̇k(0) q̇k0(0)i = kB T

mk
�kk0 ,

h�qk(0)�qk0(0)i = kB T

mk !2
k

�kk0

Bath force 

Equilibrium position 

Subtracting                                                           from both sides  
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Results in 

Classical Langevin equation for the Brownian motion 
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Remark about this model 
 
 Alternative interaction 
 
 Canonical momentum 

Under a canonical transformation 
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Final Remark : quantum Langevin equation 
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Particle in general media: non-linear model 
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mk(ṘkṘ�k � !2
kRkR�k) LI =

X

k

C̃k(x)Ṙk
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Dynamics in a continuum medium or of two Brownian particles; 
previous model not very appropriate. It needs generalization.  
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Mẍi +

tZ

0

K(xi(t)� xi(t
0), t� t

0)ẋi(t
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Collision model 
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Other environmental models 

Rotating wave approximation (RWA) 
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Relation to the other spectral function 

Fermi’s golden rule 
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Jaynes-Cummings model (JC): RWA of the TSS 
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