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Standard Reheating

* Singlet scalar inflaton ¢ decays
or annihilates at rest
into a pair of SM Higgses: ¢ — H H

* Only channel available (dim 4)

* Reheating non-instantaneous

* During reheating, nonrelativistic @ dominate
the energy density while decaying:

T(a) o a3/8
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Reheating in Seesaw Cosmology
Two-step decay: ¢ —+ NN then N — H/

* ¢ real CP-even singlet scalar with mass ™M
* N; SM-singlet fermions with masses M,
* H Higgs doublet, ¢ lepton doublets
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~£3 3 m3 ¢° + 7 Z (M; + X\ $) N; N; + Z Yia €ab N; €& H® + H.c.
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Type-| Seesaw
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Massive
right-handed

* Add at least 2 RHNs N; to generate 2 neutrino masses neutrinos
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Seesaw Cosmology

o — NN then N — HY/

* nonrelativistic @ decay into relativistic N
* N from relativistic to nonrelativistic
* long-lived NV decay into SM
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Seesaw Cosmology

3 stages reheating
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Seesaw Cosmology

3 stages reheating
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3 stages reheating
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3 stages reheating
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Seesaw Cosmology

3 stages reheating
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Seesaw Cosmology
with Quantum Statistics

* Highly nonrelativistic ¢ inject monochromatic N with momentum ». = %3’\
* N simply redshifts: no sizable self-interactions to redistribute their momenta
* Strong saturation (f~(p~,a) ~ 1) occurs for

— ff\f (P*, (1.-) - 271'2 ]__‘(;b Tl(p(a)
= 1 - fn(ps,a)  H(a)ps

[1]

> 1
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Seesaw Cosmology
with Quantum Statistics

Solve the system at the level of phase-space distributions

0 8 1
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Seesaw Cosmology
with Quantum Statistics

Solve the system at the level of phase-space distributions S
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Seesaw Cosmology
with Quantum Statistics

Assume gb has a highly nonrelativistic initial distribution S

* Vst
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Seesaw Cosmology
with Quantum Statistics
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Seesaw Cosmology
with Quantum Statistics
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Seesaw Cosmology
with Quantum Statistics
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Seesaw Cosmology
with Quantum Statistics

T = jﬂlmax :

100 102 10* 108 108 100 10!z 104 q1pl¢
a/ajy

— ¢ decay is blocked

- less N created

- less SM produced

-~ No plateau: 7(a) x a®/®
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with Quantum Statistics
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Seesaw Cosmology
with Quantum Statistics » - oo
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Seesaw Cosmology

Conclusions
Two-step decay: & — NN then N — HV/

* Cosmic reheating solved at the level of phase-space distributions
*¢ - NN decays with Pauli blocking

*NN - ¢ inverse decays with Bose enhancement

* fully numerical analysis + analytical estimates

Cosmic reheating SM domination
¢ N
saturate | dilute | relativistic | nonrel
Weff 0 0 1/3 0 1/3
T(a) q+3/8 a0 a—1/4 q—3/8 a—1

* neutrino masses through type-I seesaw
* Phenomenology: Dark matter, leptogenesis, PGWs...
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