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Under the previous choice of the spectral function  the 
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�[x(⌧), y(⌧)] = exp�2M�

⇡~

⌦Z

0

d⌫ ⌫ coth

~⌫
2kBT

⇥

⇥
tZ

0

⌧Z

0

d⌧d�[x(⌧)� y(⌧)]cos⌫(⌧ � �)[x(�)� y(�)] d⌧ d�

Super-
propagator 

where 

and 



�S̃

�x

�����
x=xc,y=yc

=
d

dt

@L̃

@ẋ
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@ẏ

� @L̃

@y

= Mÿ
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Time evolution 

Center of the wavepacket 

Width at equilibrium 

Fluctuation-dissipation 
theorem 

General results 



Behavior of the width at zero temperature for any  
value of the damping constant 

Finite damping always reduces the width 
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Initial density operator 

Time evolution  

Linearity of the time evolution 

Without damping 
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Attenuation factor                                          where 

Damped case 
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Decoherence rate 

is also the average number of energy  
quanta initially in the system 

is an inverse dimensionless temperature 

Attenuation factor                                          



Initial state of the universe when  
the environment is at zero temperature 

Final equilibrium state state of the universe 

State of the universe after one  
quantum of energy is delivered 
to the bath 

Partial trace over the states 
of the environment 

Interpretation                                          
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