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Motivation

= This is part of an ongoing study on Inflation.

* Hot big bang initial conditions of the radiation dominated
universe were created during reheating.

* Reheating temperature is related to the dissipation rate

90 1/4
Tr = ( 2 ) I'Mp. 1305.0267
815

- Correction to M. Drewes, J. U. Kang, Nucl. Phys. B 875 (2013)
315-350, arXiv.1305.0267 [hep-ph]
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Outline

* Importance of Reheating.

* Introduce the tools from thermal field theory.
* Apply it to a specific model & calculate the dissipation rate. Show
how our results differ from 1305.0267.

* Show possible thermal effects which arises.
* Summery and future steps.
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Measuring the reheating temperature

log1g(Tre/GeV)
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effects

* Reheating temperature 7;.,

could be measured
(constrained) by future
experiments
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Marco Drewes,Lei Ming,Isabel Oldengott,
arXiv:2303.13503 [hep-ph]
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Self-energy and decay rate

* For a general linear Inflation couplings ¢O|X;].

We define the self-energies at leading order in the tiny Inflaton
couplings as

07 (21, 25) = (O(21)O(2)), 1% (21, 22) = (O(22)O(a1)).
The spectral selfe-nergy 117 (. 25) = [17 (21, 29) — 115 (21, 29),

Determines the total relaxation rate Lq ~ ;)

07/11/2023 5




Spectral Function

- Define the spectral function A~ (x1,x2)

A™ (w1, 22) = i ({(@(1)P(22)) — (D(2)P(21))) -

* The Dyson-Schwinger equation

(00 + m2)Ac(ar, 2) + / P Tle(2y, ) Ao ) = —ide(zy — 1)
C
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The Spectral Density

* The spectral density Is given as

) —2ImIT} (w) + 2we
pa(w) = -
4 (w? —m? — q* — Rellf(w))? + (ImIT#(w) + we)?

* The quasi-particle dispersion relation, for weakly coupled theories
w? — q® —m? — Reﬂg(w) —= [
* In the Zero width approximation

cont

poy (Do) = 27 Zipsign(po)d (pg — ) + pio (po).-

07/11/2023 7




The Model

1 1 2 /1 1 A;
L = 58;-&@53”@3 — 57”2@52 + Z (iaaXif?“Xi — Qm?ﬁ - EX?) — goX1X2 T Loath-
i=1 '
1305.0267
- The X fields receive thermal masses
d*p fg(w;) Ai S
M2:m2+)~’/ = mmy + T ) :
“ ) (2m)3 2w A4 .
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Leading order contribution

* Leading order contribution to the relaxation rate

—gPX1X2 el —

Ty = —ig’ / % (L+ f(po) + fB(w = o)) p1p(P0) P2g-p(w — Po).
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Diagrammatic Interpretation of the decay rate

> In the Zero width approximation for quasi-particles

I’p 1
T, = —ig
@ Y f(Qﬂ)24ﬂgﬂl

X [((fl +1)(f2+1) - flfz) (5(W- 0 =) 0w+ + QQ))

T ((fl + 1)f2 - (f2 + 1)f1) (5(W — + Q) = 0w+ - QQ))]
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Diagrammatic Interpretation
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Result

1 (@) =2i( D ) + 5§ w))

l9] A Qb—‘:,
Dy (w) = o -|—¢Dge(w — M, — M) ",
A
S[[,g] (W) = — (9(M1 —w—M)-6(My —w - Ml)) /gb
1 — W2 \
7 )
A= g™ Qf—Mf(l"ff(@l)"'f(@z))
% =w2+ﬂ2412—M§ @szz—ﬂ;’f+M§
W w
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Behavior of the decay rate

— —  1305.0267 Drewes, Kang * The rat_e [ as a function of T,
normalized to its zero

-——-- MA
temperature value.

sof * Allowed regimes as a function
| N of temperature
. .

\ M > My + M (,35 4 X1X2
\ My =My > M. Xi® <> X

[(T)/T(0)
\

A Y * For this choice of parameters
05 s o A1=0.01,A2=1,ml=m2=
0.001Im.
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Summary

On-shell contribution to the relaxation rate gives rise to processes
such as decays ¢ <+ X1X2 , and inverse decays X:® <> X

These processes are relevant to the reheating process.

The damping rate can be used to estimate the dissipation rate
during inflation itself (interesting for warm inflation).

These kinematic effects can be relevant for Baryogenesis, dark
matter production.

Next step is to include higher order and study landau damping
effects.
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Murakoze Cyane
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