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Motivation & Introduction

Higgs inflation with non—-minimal coupling requires large non—minimal coupling

for successful inflation, E~ 0(10%

But large non—minimal coupling makes unitarity problem, A g6 <— ~ —
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Introduce a linear non—-minimal coupling in sigma model [H. M. Lee (2018)]
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[f this 0 can be a dark matter?




Model of inflation

[Lagrangian in the Jordan frame
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Z2 symmetry breaking
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linear non—-minimal coupling
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Model of inflation

Choosing H' = (0, gb)/\/§ and performing metric rescaling g,, = gW/Q

Then, Lagrangian In Einstein frame Is

Ly 1 , , 1 ) ¢*
RE+—(a o) + (a In Q) +E (0,4) +5vao—v V#) — Vi(o,H)

N

1 _ 1
——V VW 4 i”D -+ a) be Y —
VT D, % St

Ql2

Hff

do not couple to inflaton
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where oy = 1(2) for V=2Z(W) and V= EV



Model of inflation

Taking o, ¢ <1 near vacuum Canonical sigma field
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&, has a crucial role to solve unitarity problem!




Inflaton decay

Taking o, ¢ << 1 near vacuum [Ibarra et al (2016)]
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Inflaton decays to the SM through T/’j only by linear coupling



Inflaton decay

Higgs
fermion mass term tree level
Inflaton coupling : gauge boson mass term
to the SM .
massless gauge bosons trace anomalies, threshold effects
mesons chiral perturbation theory
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light inflaton decay m, < m, Heavy inflaton decay m, > 2.5GeV



Inflaton as dark matter
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Inflaton as dark matter

¢1=100(Solid), 0.01(Dashed)
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light dark matter: m, < 2m, = 270 MeV Ty

. o ag \2/100 MeV \2 .
Thermal freeze-out (ov) ~ (5 TR 6) ( " ) Topy ~ (4.4 x 106 GeV)( 1 (9)5_8>
requires enough 4, 2 <1 2) inflaton decays to dark matter
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Dark matter production

through non-thermal production!

Dark matter relic abundance : Q h* = (Q%hz)FIMp; (Q,h*)ry

|. By Higgs decay at temp. T =2 m;, — n, +3Hn, = 2(F1HXX ny, — Dyxosh ni)
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Dark radiation

In the case with Ty < Ty , dark matter is still relativistic during BEN
— contribute to AN,
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Consistent with (c) within 26, m, 2 0.208 (0.139) eV for R =1 (1.5) and r = 0.01

(@) Neg = 2.93023 ) 95%, Planck TT,TE,EE

B 1022 | +lowE+BAO+Aver (2015) depending on
Planck 2018 (0) Neg =3.04292 ¢ +Peimbert (2016) deuterium fraction

(€) Neg =3.06705; ) +Cooke (2018).

*Comments : If inflaton # dark matter, lighter inflaton can be dark radiation

— related to H, tension [A. G. Riess et al (2019)] - 4.4 o,

[K. C. Wong et al (2019)] - 5.3 o, eariler papers w/ less o
[M. Schmaltz et al (2015)]



Dark matter relic density
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Conclusion

Soo-Min Choi's talk

e [nflation model with linear & quadratic non—minimal coupling of
sigma field

e Solve the unitarity problem through linear non—minimal coupling with
large quadratic non—minimal coupling

e Inflaton = dark matter by non—-thermal production (FIMP + Reheating)

e mpy = 0.1 - 100 eV for BBN & CMB

e Higgs invisible decay, CMB, XENONIO — consistent enough.
(CMB for y-ray : constraints m, = 2 MeV ~ )



