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Physical Motivation of      
the presented work

 Boltzmann equations are powerful tool
 In several cases they fail badly
 Two important examples:
 Example I: preheating
 Example II: leptogenesis
 Enough reason to try to do better
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The formalism, in particular, 
describes a scalar field coupled 

to a thermal bath 

We will concentrate on the case when the 
bath is coupled strongly enough to itself 
such that backreaction from the external 
scalar is never important. In other words:
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KADANOFF-BAYM EQUATIONS
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We assume spatial translational invariance   
We go to Fourier space in spatial coordinates
We use introduced above definitions



MASTER EQUATIONS
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Spectral function (antisymmetric)
Statistical propagator (symmetric)



Initial conditions for ME  

Canonical 
quantization

Initial condition 
of the state
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Spectral Function
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Spectral 
function at 
different 
temperatures:
at some 
temperatures 
it shows clear 
BW structure

Spectral 
function as a 
function of 
time:oscillator 
which decays  
at  later times



Statistical Propagator
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3D Memory Integral



2D cuts of 3D dimensional plots



Zero Initial Conditions



Nonzero Initial Conditions



Quasi‐particles?
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Energy density and pressure of 
the gas
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Where are the Boltzmann 
equations and thermal 

equilibrium ???
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We use Wigner transform and the derivative 
expansion
The imaginary part of the resulting equation –
first  order Boltzmann equation
The real part of the equation leads to the on-
shell condition



To conclude…
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Appendix1(poles and cuts of spectral function)


