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ELDERs (ELastically DEcoupled Relics): m > Tk > Tfo

Cannibals: Tk > m > Tfo

Simplified SIDM models in an era of Low Reheating Temperatures Kuldeep Deka (NYUAD)



Introduction Low Temperature Reheating DM genesis during reheating Summary

Parameter space after reheating

Simplified SIDM models in an era of Low Reheating Temperatures Kuldeep Deka (NYUAD)



Introduction Low Temperature Reheating DM genesis during reheating Summary

Simplified SIDM models in an era of Low Reheating Temperatures Kuldeep Deka (NYUAD)



Introduction Low Temperature Reheating DM genesis during reheating Summary

Simplified SIDM models in an era of Low Reheating Temperatures Kuldeep Deka (NYUAD)



Introduction Low Temperature Reheating DM genesis during reheating Summary

Simplified SIDM models in an era of Low Reheating Temperatures Kuldeep Deka (NYUAD)



Introduction Low Temperature Reheating DM genesis during reheating Summary

Simplified SIDM models in an era of Low Reheating Temperatures Kuldeep Deka (NYUAD)



Introduction Low Temperature Reheating DM genesis during reheating Summary

Simplified SIDM models in an era of Low Reheating Temperatures Kuldeep Deka (NYUAD)



Introduction Low Temperature Reheating DM genesis during reheating Summary

Low Temperature Reheating

Inflaton Energy Density:

ρϕ(a) ∝ a−3 (1+ω)

Scaling of SM temperature:

T (a) = Trh

(
arh
a

)α 0 1
3

1
2

3
5

2
3

1

ω

0

1
4

3
8

1
2

3
4

1

α

↑
3(1+ω

)

2α

< 3 ↑

non-viable reh
eatin

g

m
at

te
r

de
ca

y
fer

m
io

ns

decay bosons

annihilation
bosons

annihilation fermions

annihilation
ferm

ions
light

an
n
ih

ilation
b

oson
s

light

k
in

at
io

n
→

Hubble Scaling: H(T ) ≃ H(Trh)×
(

T
Trh

) 3 (1+ω)
2α

for T ≥ Trh

Simplified SIDM models in an era of Low Reheating Temperatures Kuldeep Deka (NYUAD)



Introduction Low Temperature Reheating DM genesis during reheating Summary

Parameter space during reheating

10−7 10−6 10−5 10−4 10−3 10−2 10−1 100 101

yeff

10−12

10−10

10−8

10−6

10−4

10−2

100

ε e
ff

freeze-out in radiation

WIMP

SIMP

ELDER

BBN

xrh = 0.2, α = 3/8, ω = 0

m = 103 GeV

m = 100 GeV

m = 10−3 GeV

m = 10−6 GeV

10−7 10−6 10−5 10−4 10−3 10−2 10−1 100 101

yeff

10−12

10−10

10−8

10−6

10−4

10−2

100

ε e
ff

WIMP

SIMP

ELDER
↑ radiation ↑
↓ reheating ↓

BBN

xrh = 5, α = 3/8, ω = 0

m = 103 GeV

m = 100 GeV

m = 10−3 GeV

10−7 10−6 10−5 10−4 10−3 10−2 10−1 100 101

yeff

10−12

10−10

10−8

10−6

10−4

10−2

100

ε e
ff

freeze-out during reheating

WIMP

SIMP

xrh = 60, α = 3/8, ω = 0

m = 103 GeV

m = 100 GeV

10−7 10−6 10−5 10−4 10−3 10−2 10−1 100 101

yeff

10−12

10−10

10−8

10−6

10−4

10−2

100

ε e
ff

freeze-out during reheating

WIM
P

SIMP

ELDER

BBN

xrh = 200, α = 3/4, ω = 0

m = 103 GeV

m = 100 GeV

m = 10−3 GeV

Simplified SIDM models in an era of Low Reheating Temperatures Kuldeep Deka (NYUAD)



Introduction Low Temperature Reheating DM genesis during reheating Summary

Parameter Regions

Direct and indirect detection constraints: WIMPs
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Parameter Regions

Direct and indirect detection constraints: SIMPs
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Parameter Regions

Direct and indirect detection constraints: ELDERs
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Maximum masses attainable for different cosmologies
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Let’s freeze-in the Cannibals with low reheating temperatures...
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Please attend Esau’s talk next Thursday at 11:22 am for more details on Z3 SIMPs during reheating...
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Summary

Cosmological history of the Universe important for DM genesis.
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