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Why reheating?

* Reheating: post-inflationary transition to the initial
condition for the standard hot big bang (>10MeV).

* affects inflationary prediction for CMB Liddle, Leach 2003
--> CMB constraints on reheating @ra. Martin, Ringerval 2010

°* may provide a probe into microphysics at high
scales: “Cosmic Collider”

Fundamentally interesting to extract information
about microphysical properties at reheating, such as
inflaton couplings to matter.

“measurement” of the inflaton coulplings by CMB?



Plan

®* General ideas and methodology

* Work out the analysis of the reheating
in a simple class of inflationary models

= Take the alpha-attractor inflation.

= Consider explicit interactions between inflaton
and other scalars or fermions

= Focus on perturbative reheating, without triggering

preheating, but take into account backreaction
(thermal) effects.



General considerations



CMB constraint on reheating phase
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MatChlng equatlon Liddle, Leach 2003

Martin, Ringerval 2010
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Matching equation
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e Obtained using only effect of cosmic expansion (red-shifting),
independent of model for inflation and reheating.

* For given CMB data and slow-roll potential, this equation fixes
the combination InR,,q = N;o(3wye — 1)/4 .
This allows to constrain the reheating phase from CMB.

* (Nye, Tre, W) depend on the post-inflationary properties, such
as potential around minimum, and dissipation rate, which is
sensitive to the microphysics deriving the reheating.

Last two statements indicates that the CMB data can tell us
something about the microphysics of the reheating!




Slow-roll phase
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Reheating phase
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Next : compute ' in terms of the microphysical parameter.



Dissipation rate

Use Closed-Time-Path (Schwinger-Keldysh or “in-in"") formalism

of the Non-Equilibrium QFT:  Cheung, Drewes, JK, Kim 2015;
Drewes, JK 2013 & 2015; Drews, JK, Mun 2017
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Bose enhancement
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Concrete example:
o-attractor + interaction



O(-attr'aCtOI' mOdel: e.g. Kallosh, Linde 2013
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Scalar interaction: gox*
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Scalar interaction: gox*
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Scalar interaction: gox*

Parametric resonances Kofman, Linde, Starobinsky 97
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Scalar interaction: gox*
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Scalar interaction: hgbxg
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Yukawa interaction:
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Conclusion

* CMB can be used to probe the microphysical
properties at reheating, i.e. the inflaton-matter
couplings, which may be of importance for the
embedding of an inflationary model into more
fundamental theory.

* This idea has been worked out in the a-attractor
model with inflaton couplings to other scalars and
fermions, focusing on the perturbative regime.

= There exist viable regions in the parameter space in
which the inflaton couplings can be “measured”
from CMB data, in particular, the spectral tilt.

" |n this model the thermal effects seem to play no
significant role in the perturbative regime. brewes 2015



Conclusion

* The relation between CMB data and the inflaton
coupling is model-dependent, i.e. depend on the
potential parameters both in the slow and fast-roll
regime.

* The most dominant interaction can be constrained.
If there are several comparable interactions (due to
symmetry), certain combination of them can be
constrained.



