Cutting rules on a cylinder

and quantum kinetic theory for leptogenesis and dark matter models

Tom3s Blazek & Peter Matak
Based on 2102.05914, 2104.06395

Faculty of Mathematics, Physics and Informatics
Comenius University in Bratislava

< \ EuCAPT

Astroneutrino Theory Workshop 2021
Prague, Czech Republic

20 September 2021 to 1 October 2021 IEAP CTU in Prague


https://arxiv.org/abs/2102.05914
https://arxiv.org/abs/2104.06395

X7 Outline

— Boltzmann equation for the early universe
— Seesaw type-I reaction rates for heavy neutrinos
— Unitarity and C'P asymmetries at zero temperature

— Quantum thermal corrections at any perturbative order



X7 Boltzmann equation for the early universe

Temporal evolution of the number density of the i i1 i
particle species
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where [dp] =

0 FE_ — o
m, in equilibrium f*(p) = exp {— pT a }, and | M ]? is obtained

using zero-temperature Feynman rules.



X7 Effects of quantum statistics
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X7 Effects of quantum statistics
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Works fine if there are no on-shell intermediate states (to be
subtracted to avoid double-counting) in My;.
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X7 Seesaw type-I and N, — [H decays

£ D) —yaiNiPLlaH + H.C. (5)

What is the full list of processes contributing to the ny (t) evolution
to the O()?) order?



X7 Seesaw type-I and N, — [H decays

L D) —yM-NZ-PLlaH + H.c.

YINSIH = /[dPN]fN /[dPH] [dpz](QW)45(4) (pn —p1 — pH)|MN—>lH|2



X7 Seesaw type-I and N, — [H decays
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X7 Seesaw type-I and N, — [H decays
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X7 Seesaw type-I and N, — [H decays
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X7 Cylindrical diagrams and quantum statistics
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X7 Cylindrical diagrams and quantum statistics

Similarly, for N; and [,
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X7 Thermal propagators
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X7 S-matrix unitarity at 7= 0
Using STS =1 for Sp; =64 +iTy; = 6p; + i(27r)4(5(4)(Pf — PZ-)Mﬁ, we obtain
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<> CP(T) asymmetries in general

In a CPT symmetric quantum theory, the CP asymmetry is defined as
A|Ty|* = |Tpi|* — |Ty|* and
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Unitarity constraints
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X7 C'P asymmetries at O()*)
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X7 C'P asymmetries at O()*)
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X7 General one-particle densities

The hermiticity and positive definiteness of p allows us to write

p= %exp{—]:'},Z:Trexp{—]}}.

Assuming molecular chaos, we set
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X7 General one-particle densities
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Tracing with a;ap over |iy, iy, ...) we get
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X7 Conclusions

A diagrammatic concept connecting the classical Boltzmann equation
and quantum kinetic theory has been introduced.

Statistical factors due to on-shell intermediate states have been formally
represented by the cuts of forward diagrams with multiple spectator
lines.

Results are in agreement with the direct closed-time-path derivation of
non-equilibrium quantum field theory.

Unitarity and CPT constraints to the reaction rate asymmetries can be

derived in our approach to kinetic theory in the same way as in 7' =0
calculations.

Thank you for your attention!



