‘From Reheating to
Inflaton Regeneration

Kunio Kaneta

NIIGATA
UNIVERSITY

+ T. Takahashi (Saga U), N. Watanabe (Saga U) [ ]

Paris-Saclay Astroparticle Symposium 2026, October 28

Photo: South Pole Telescope


https://arxiv.org/abs/2604.14620

Outline

107! ’ ; § " L B
107 2 e
10 T o |

B Motivation: two way processes

B Inflaton Regeneration in Generic Scalar Case

" i No Fragucatation|
107 i [

R < o vey (=9

. i s B The Standard Model Higgs Portal

1 (GeV]

| e B Summary

=
o] B 1, YT

n
10T 107 10T 100 102 101 100 100 10 10 100 10 100 10 102 10

2/20



m Motivation: two way processes
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Standard lore and other situations
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B What we regularly suppose: inflaton drives inflation, reheats the Universe, and
then has gone (true in quadratic potential, e.g. Starobinsky model)

B Other situations: after it's gone, inflaton is regenerated from thermal bath

B Why this happens?: inflaton mass can be smaller than the temperature in some
class of models, e.g., extended a-attractor type of models
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Extended T-model

B An example of inflaton potential:

o é B [eb2aMp (¢ > Mp)
V(¢) = AMp [\/étanh <\/6MP>] N { MM L (o/Mp)E (¢ < Mp)

B Effective mass after inflation: md) V" o ¢F2

B my — 0 as ¢ relaxes to ¢ =0, i.e. my < T at later times, enabling the production
of inflaton particles from thermal bath
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Current status of extended T-model

B Potential coupling ) is fixed by the scalar amplitude: A\ ~ O(10712 — 10714)
B Planck+BK+ACT+SPT favors k > 2
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m Inflaton Regeneration in Generic Scalar Case

7/20



Scenario of inflaton regeneration

B Inflaton condensate (¢) disappears to produce thermal bath (reheating)
B Inflaton particle () appears from thermal bath (regeneration)

reheating
¢ condensate > thermal bath

102X + nox? (x: a singlet scalar)

© quanta - thermal bath
regeneration

Reheating — Radiation Domination — Inflaton Regeneration
(mg — 0) ((x) =0, myp ~0) ((x) = v, mg #0)

B We suppose x develops a VEV to give a mass to ¢ (resembling the SM Higgs)
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How reheating takes place?

B Portal couplings for reheating:
g .
~Line = 50" + pex” [0 ¢ — xx scattering, 1 ¢ — xx decay]

B Large k reheats hotter since py o a—k/(k+2) redshifts faster, so pr o a~* catches
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How regeneration proceeds?

B The same portal coupling puts ¢ back:

2

g
—0*x* + ey

B The mass: m2 = ov? + cp? /1672 (tree + CW)
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Non-perturbative contribution

B Freeze-in is sensitive to Yiyi, and inflaton fragmentation may give non-zero Yres

10-29

B How fast the fragments go away?
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[Garcia, Gross, Mambrini, Olive, Pierre, Yoon, '23]

B Y28 becomes negligible when T, is sufficiently high (k > 6 is fine, but should be
careful for k = 4)
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Relic abundance of ¢: four distinct regimes
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Constraint map for generic scalar case
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What is different from the generic scalar case?
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B Everything but ¢ and ;1 is now a measured number
B Mixing with the Higgs makes ¢ unstable
B Production channels: h — @, hh/WXW = /ZZ/ff — @
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Relic contours in (o, 1) planes
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Constraints from colliders, BBN, and CMB

Colliders
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Constraint map for Higgs portal case
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Summary
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production from the thermal bath
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B Portal couplings (o, t): reheat the Universe,
and then regenerate ¢ afterwards
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B Stable : matches the observed abundance
on the freeze-in and freeze-out branches, and
overproduces in between
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B \With v = H: unstable ¢, constrained by
BBN, CMB, and colliders. White region
survives, at large u (short lifetime) and large
o (high Tien)
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