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Introduction

Dark Matter (1933 ~)
Cosmic Inflation (1979~)
- New Inflation (1982 ~)

- Areal scalar field "Inflaton"
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Introduction

Inflaton and Dark Matter
- 'Inflaton = Dark Matter'
- 'Inflaton # Dark Matter"

- 'Inflaton — Dark Matter!



'Inflaton = Dark Matter' model
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How to light up the Dark Universe

The very-early universe is full of Inflaton
Inflaton DM must be converted enough to the SM thermal bath

Reheating depends on Inflaton-Higgs couplings and the rest of Inflaton
remains DM
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Renormalizable interactions with Higgs (essential for reheating)
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+ Non-minimal coupling to gravity in the Jordan frame
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Constraints (CMB)

CMB favors a flat inflaton potential at large field value
V(¢9)

Non-minimal coupling to gravity

— Conformal transform guv =28,

Q=1+ &h? + £450°

/01 .1

|

37 o\2 1 1 V eeereh
L= 1 (Uﬂ_ In(&uh? + g(;)@z)) Potentialin the

4= .__.((")_h.?nt 0.@2) .-
2Enh? + Eu? (Ouh)”+ (O0) (Enh* +€69°)*  Einstein frame




Constraints (CMB)

Field redefinition
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Flat at large
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Constraints (Unitarity)

Cut off scale Ain EFT 2 Energy scale
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Non-thermal Dark Matter

Inflaton field oscillates coherently (homogeneous)

EOM: ¢ +3Hp + Ay =0

¢(t) = & cn (x L)
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Non-thermal Dark Matter

Lamé equation and instability charts — Parametric Resonance
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EOM: ¢ +3Hp +rp¢> =0

o5l N

_ Do 1 20}
- 22a(e ) .

Higgs k mode X;; —+ |:K2 + —— Cn (X, —)] X, =0

Rescaled momentum q parameter

Modes inside bands grow exponentially



Non-thermal Dark Matter

Fast Higgs decay — No B.E. condensation — Perturbative computation
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Inflaton bck.decays alone
and producesits quanta

Decay into Higgs is much slower than decay into Inflaton quanta

— Too much Inflaton DM left



Non-thermal Dark Matter

Slow Higgs decay — B.E. condensation — Resonance
- Parametric resonance

- End of resonance?



Non-thermal Dark Matter

Produced particles can re-scatter off background field
— Inflaton is no longer dominant

— Linear regime breaks down



Non-thermal Dark Matter
Inflaton field oscillates coterentiy thomogereous)
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Non-thermal Dark Matter

Backreaction and Rescattering — Non-perturbative description

Lattice simulations
- solve equations of motion at each space point

- LATTICEEASY, Cosmolattice, etc.

- Parallel computation on cluster computers



Non-thermal Dark Matter

Zero v.s. Non-zero for the Higgs self-interaction coupling
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Stronger interaction

Democratic energy distribution
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— Quasi-equilibirum
— Over-abundance
Y =ng/ssmz 1073

Yobs =4 x 10719 Gev/m,



Non-thermal Dark Matter

Zero v.s. Non-zero for the Higgs self-interaction coupling

Higgs production is hindered by

Ap = 0.01 backreaction (large effective mass)
e Apd? ~ An(h?)
_ - Pp > PSM
ooy e e o much Inflaton DM

A=10"-13 Stronger interaction quanta wWou |d sSu rvive



Thermal F.O. Dark Matter

Experimental constraint and RG equation
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— Breaks Unitarity



Thermal F.O. Dark Matter

Higgs resonance ¢p¢p — h — SM

Scalar singlet Zs
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—The mass of inflaton DM should be close to half Higgs mass



Summary

(P)reheating after inflation is a subject worthy of serious study

Large Inflaton field value + Coherent oscillation
— Resonance, Backreaction and Rescattering

— Lattice simulations

Inflaton Dark Matter
- Non-thermal DM remains too much to match current observations

- Thermal DM is subject to the unitarity condition — Mass should be fine-tuned



