Dark Matter Production During Reheating
(by example)
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1. DM model

>

Is a spin-% dark matter particle the missing piece in the puzzle?

Described by Rarita-Schwinger Lagrangian
]‘ ST 3 v v
Eg/z = _§‘I’u ("8, + mg2y™”) U,

With Pyl“j — Py[:u'fyl’] and ,.y,lU/p — »Y[H»yl’»yﬂ] .
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Is a spin-% dark matter particle the missing piece in the puzzle?
1. DM model

>MM< Described by Rarita-Schwinger Lagrangian
]‘ ST 3 v v
Eg/z = _§‘I’u ("8, + mg2y™”) U,

With P)//“j — Py[:u'fyl’] and ,.y,lU/p — »Y[H»yl’»yﬂ] .
Instead of highly symmetric WIMP/gravitino-like scenario, consider a minimal embedding,
0 0 = Mg —c
L = Lsm + £3/2 + L, + yHuLvg + TI/RI/R
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1. DM model

Scatterings and decays
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Scatterings and decays

1. DM model
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1. DM model

>

Production (via inflaton decay)

Assume Lo D 4, PUgrg. Viaay,
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Reheating

After inflation, the Universe is reheated through the decay of the inflaton ®

v(®)

|
o

2. Reheating
po + 3H(ps + Po) =

N\ 7 SR — o

where

1.
P = 5(1)24- V((p)

Py = %@2 — V(®)

0] k b Mp
V(®) = AM}? | /6 tanh <Mp T
@) PV " <\/€Mp>} M

R. Kallosh and A. Linde, JCAP 07 (2013), 002




2. Reheating

Inflaton oscillation
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Decay of the inflaton
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Decay of the inflaton

. 2k b
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2. Reheating

N\

Decay of the inflaton
2k f
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2. Reheating

N\

Decay of the inflaton

k+2
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3. Freeze-in

A_

Freeze-in during reheating

For the out-of-equilibrium process i+ j+--- = ¥ +a+b+---,
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3. Freeze-in

A_

Inflaton decay & — ¥ + ¥
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Inflaton decay & — ¥ + ¥
Oz gy Ohp 1 [ 0320’k 4P
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Light DM production from non-quadratic inflaton decay / preheating — work in progress!




3. Freeze-in

A_

Scatterings H+v — V¥ + B
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3. Freeze-in

A_

Scatterings H+v — V¥ + B
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3. Freeze-in
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Scatterings H+v — V¥ + B
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Scatterings H+v — V¥ + B
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3. Freeze-in
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Scatterings H+v — V¥ + B
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Thermalization in non-quadratic reheating to be determined

MG and M. A. Amin, PRD 98 (2018), 103504




Constraints: Qpy + 7+ v

Scattering

Thermal

7 FERMI 130 GeV

T3/2 < Texp

—6 —4 =7 0 2
log(mg/s/GeV)

Inflaton decay

N

Qsph? > 0.1

T3/2 < Texp
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How warm is out-of-equilibrium dark matter?

Light DM — free streaming — suppression of structure
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4. Constraints e e P : e )
. WCeniEBEE R (h/pe] Absence of cutoff for freeze-out relic
N. Palanque-Delabrouille et al., JCAP 04 (2020), 038 = mwpmMm > 3keV
A. Garzilli et al., 1912.09397 [astro-ph.CO] ~
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How warm is out-of-equilibrium dark matter?

For non-equilibrated DM, R. Murgia, V. Iréi€ and M. Viel, PRD 98 (2018), 083540
Wavelength A [h=! Mpc] linear ~ non-linear
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4. Constraints

How warm is out-of-equilibrium dark matter?

DM from inflaton decay:
me 1019 GeV
mg/y > 3.8 MeV (3 SETIE GeV> < T

Thermal freeze-in, (a1):

ms/2 > 8.5keV

Non-thermal freeze-in, (a1):

aSM>—32/15 ( me >23/15 (1010 GeV)U15

AkeV (M M
ma/z > 0 ev(0.03 3 x 1013 GeV Tor




Constraints: {dpy + 7 + v + Lyman-a

Scattering

Thermal

FERMI 130 GeV

T3/2 < Texp

—12

Inflaton decay

-2 Ly-a excluded

=7 0 2
log(mg/s/GeV)

Thank you!
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