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1. Reheating

Understand the (perturbative) repopulation of the Universe after the 

end of inflation (rates, energy densities, temperatures, distributions,..)

A short summary of what we (don’t) understand

In the absence of a direct signal, can we say more beyond ΩDM? 

Use the Ly-α measurement of the power spectrum to impose constraints

The Goals

2. Freeze-in

Characterize the out-of-equilibrium production of dark matter (from 

particle/condensate decays, scatterings, misalignment…)

3. Lyman-α

4. The end?



1. Reheating

2. Freeze-in

3. Lyman-α

4. The end?

Accelerated expansion can be driven by a slowly rolling scalar field
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1. Reheating

2. Freeze-in

4. The end?

Accelerated expansion can be driven by a slowly rolling scalar field
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3. Lyman-α
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1. Reheating

2. Freeze-in

4. The end?

After inflation ends, reheating begins
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1. Reheating

2. Freeze-in

4. The end?

Reheating depends on the shape of the potential

over one oscillation,

3. Lyman-α
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1. Reheating

2. Freeze-in

4. The end?

Reheating depends on the shape of the potential

3. Lyman-α



1. Reheating

2. Freeze-in

4. The end?

Particle production in the expanding Universe

3. Lyman-α
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1. Reheating

2. Freeze-in

4. The end?

Integrated Boltzmann equations

3. Lyman-α
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1. Reheating

2. Freeze-in

4. The end?

Integrated Boltzmann equations

3. Lyman-α
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1. Reheating

2. Freeze-in

4. The end?

A closer look: thermalization is not instantaneous!  (quadratic only)

3. Lyman-α
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4. The end?

A closer look: thermalization is not instantaneous!  (quadratic only)

3. Lyman-α
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3. Lyman-α
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1. Reheating

2. Freeze-in

4. The end?

Freeze-in: producing dark matter out-of-equilibrium

3. Lyman-α
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1. Reheating

2. Freeze-in

4. The end?

Decay of an oscillating condensate (inflaton, non-stabilized moduli, …)

3. Lyman-α
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1. Reheating

2. Freeze-in

4. The end?

Decay of an oscillating condensate (inflaton, non-stabilized moduli, …)

3. Lyman-α
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1. Reheating

2. Freeze-in

4. The end?

Decay of an oscillating condensate (inflaton, non-stabilized moduli, …)

3. Lyman-α
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1. Reheating

2. Freeze-in

4. The end?

Out-of-equilibrium decay chain

3. Lyman-α
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1. Reheating

2. Freeze-in

4. The end?

Out-of-equilibrium decay chain

3. Lyman-α
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1. Reheating

2. Freeze-in

4. The end?

Freezing-in through scatterings

3. Lyman-α
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1. Reheating

2. Freeze-in

4. The end?

Freezing-in through scatterings   (examples)

3. Lyman-α

Low scale susy gravitino,                   .  Axino, 
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Thermal freeze-in

3. Lyman-α
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Non-thermal freeze-in

3. Lyman-α
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2. Freeze-in
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The perturbed Boltzmann equation

3. Lyman-α

2. Freeze-in

<latexit sha1_base64="Pny8To0hLelSEVfCqY9K9YTv6r4="></latexit>

f(x,p, τ) = f0(|p|, τ)[1 +Ψ(x,p, τ)]

<latexit sha1_base64="KMaFnfxiyfsABbT8Q8bOEDzfTqg="></latexit>

δ̈ +Hδ̇ −
3

2
H

2

✓

1− w
10

9

k
2

H2

◆

δ = 0

<latexit sha1_base64="/YYN/d96OzLxzUYazBzq18aad6E="></latexit>

kFS(a) =
9

10

H2

w
<latexit sha1_base64="Gqaz14B8YMIhZlJz5x6jZZ2EorE="></latexit>

kH(a) ≡


Z

a

0

1

kFS(ã)
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The perturbed Boltzmann equation

3. Lyman-α

2. Freeze-in
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dã
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dã

ã
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For               the nature of the final state matters

In-medium effects cannot be neglected

Interactions fragment homogeneous fields
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3. Lyman-α
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