
E
n
d
i
n
g
 
I
n
f
l
a
t
i
o
n

a
n
d
 
t
h
e
 
H
o
t
 
B
i
g
 
B
a
n
g

1
9
/
1
1
/
2
1

Freeze-in from Preheating
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The case for FIMP dark matter1. UV freeze-in

2. Perturbative
reheating

3. Preheating

4. Relic
abundances

No detection of WIMPs yet!
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Consider FIMPs:
• Never in thermal equilibrium
• Produced via freeze-in
• Elusive (in)direct detection
• Dependence on initial conditions

(inflation, reheating)

SuperCDMS Dark Matter Limit Plotter
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The spin-3/2 family1. UV freeze-in
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The inflaton and its decay products1. UV freeze-in
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The fluid picture1. UV freeze-in
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Kinematic blocking: scalars1. UV freeze-in
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Kinematic blocking: fermions1. UV freeze-in
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Scalar preheating1. UV freeze-in
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Scalar preheating1. UV freeze-in
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Unstable-scalar preheating1. UV freeze-in
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Weak1. UV freeze-in
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Strong1. UV freeze-in
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The maximum energy density1. UV freeze-in
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Fermion preheating1. UV freeze-in
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Fermion preheating1. UV freeze-in
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Fermion preheating1. UV freeze-in
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1. UV freeze-in
<latexit sha1_base64="+bexWW98ZEf9CTG83QNSOaLqu5I="></latexit>

v

2. Perturbative
reheating

3. Preheating

4. Relic
abundances

1 5 10 30
a/aend

10−26

10−25

10−24

ρ
ψ

[M
4 P
]

y = 10−6 Pert. mψ = 0

Pert. mψ 6= 0

Non-pert.

10−1 1 10
p/Hend

0.0

0.5

1.0

1.5

n
p

1 10 102

a/aend

10−24

10−23

10−22

10−21

10−20

ρ
ψ

[M
4 P
]

y = 10−4 Pert. mψ = 0

Pert. mψ 6= 0

Non-pert.

10−1 1 10 102

p/Hend

0.0

0.5

1.0

1.5

2.0

n
p



Freeze-in from scalar preheating1. UV freeze-in
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Scalar PSD1. UV freeze-in
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Saturating ΩDM
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Freeze-in from fermion preheating1. UV freeze-in
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Fermion PSD1. UV freeze-in
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Dark matter from fermion preheating1. UV freeze-in
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Backreaction1. UV freeze-in
<latexit sha1_base64="+bexWW98ZEf9CTG83QNSOaLqu5I="></latexit>

v

2. Perturbative
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3. Preheating

4. Relic
abundances

Homogeneous limit: Hartree approximation

ϕ̈+ 3Hϕ̇+ V ′(ϕ) + σ⟨χ2⟩ϕ = 0

Fragmentation: classical fields in the lattice D. Figueroa, et al., arXiv:2102.01031 [astro-ph.CO]

□ϕ+ Γϕuµ∇µϕ+ Vϕ(ϕ, χ) = 0
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1. UV freeze-in
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Lyman-α constraints1. UV freeze-in
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Fermion rates1. UV freeze-in
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