NONEQUILIBRIUM DYNAMICS OF
SCALAR FIELDS COUPLED TO A
THERMAL BATH




Physical Motivation of
the presented work

Boltzmann equations are powerful tool
In several cases they fail badly
Two important examples:
Example I:
Example Il:
Enough reason to try to do better



OUTLINE

pectral function properties

Statistical propagator
Approach to Boltzmann equations
Notion of “"quasi-particles” and "number densities”

To conclude...
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I The formalism, in particular,
describes a scalar field coupled
to a thermal bath

' ' '. .. ".' . '." '..V.".
scalar is never important. In other words:




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
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Spectral function (antisymmetric)
Statistical propagator (symmetric)



Initial conditions for ME

Canonical
quantization
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| Spectral

Function
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Quasi-particles
resonance-(on-shell
condition)

Quasi-particle decay
rate



Spectral SOL
function at i
different 600¢
temperatures:

at some
temperatures
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I Statistical Propagator
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3D Memory Integral
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| 2D cuts of 3D dimensional plots




Zero Initial Conditions




Nonzero Initial Conditions




Quasi-particles?®©

Quasi-particles:
£, =0, (% + /15(€2,)),divergence at QO — 0

What we really have here:
1

A: (=0, >xo)=Re (,\L (% + ng(ﬁq ))) —complex distribution function?
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Energy density and pressure of




i 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



» Extension to fermion sector

» Quantum leptogenesis

» Better understanding of preheating
» Quark-gluon plasma

> | know | have forgotten many other
possibilities

» Thank You very much!




Hll AppendiX].(poles and cuts of spectral function)




