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Is a spin-3
2 dark matter particle the missing piece in the puzzle?

1. DMmodel

2. Reheating

3. Freeze-in

4. Constraints

Described by Rarita-Schwinger Lagrangian

L0
3/2 = −1

2 Ψ̄µ

(
iγµρν∂ρ + m3/2γ

µν
)
Ψν

with γµν = γ[µγν] and γµνρ = γ[µγνγρ] .
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Instead of highly symmetric WIMP/gravitino-like scenario, consider a minimal embedding,

L = LSM + L0
3/2 + L0

νR + yH ν̄LνR +
MR
2 ν̄c

RνR

+ i α1
2MP

ν̄Rγ
µ[γρ, γσ]ΨµFρσ + i α2

2MP
iσ2(DµH)∗L̄Ψµ + h.c.
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Scatterings and decays
1. DMmodel

2. Reheating

3. Freeze-in

4. Constraints
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Scatterings and decays
1. DMmodel

2. Reheating

3. Freeze-in

4. Constraints
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Production (via inflaton decay)
1. DMmodel

2. Reheating

3. Freeze-in

4. Constraints

Assume LΦ ⊃ yνΦν̄RνR. Via α1,

MR ≪ mΦ:

<latexit sha1_base64="6qe7xxv7FWSBYW/aJE2OQmrW2B8="></latexit>

�

⌫R

⌫̄R

Φ

νR

B

3/2

MR ≫ mΦ:

Φ

νR

νR

νL

H

H

Φ

νR

νR

H

ν1

ν̄1

Φ

νR

νR

B

3/2

3/2

(via α2 are 2-loop suppressed)



Reheating
1. DMmodel
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2. Reheating

3. Freeze-in

4. Constraints

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

V(Φ)

Φ

k = 2 4 6

V(Φ) = λM 4
P

[√
6 tanh

(
Φ√
6MP

)]k
Φ≪MP−→ λ

Φk

M k−4
P

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

ρ̇Φ + 3H(ρΦ + PΦ) = 0
3H 2M 2

P = ρΦ

where

ρΦ =
1
2 Φ̇

2 + V(Φ)

PΦ =
1
2 Φ̇

2 − V(Φ)



Inflaton oscillation
1. DMmodel
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2. Reheating

3. Freeze-in

4. Constraints
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Decay of the inflaton
1. DMmodel
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2. Reheating

3. Freeze-in

4. Constraints
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Decay of the inflaton
1. DMmodel

<latexit sha1_base64="tQbncTrJZeAkvkGRgeQgqhlvYnQ="></latexit>

2. Reheating

3. Freeze-in

4. Constraints

ρ̇Φ + 3
(

2k
k + 2

)
HρΦ = −ΓΦ(t)ρΦ

ρ̇R + 4HρR = ΓΦ(t)ρΦ
3M 2

PH 2 = ρΦ + ρR

µΦ

b

b

ΓΦ =
µ2

8πmΦ(t)
,

m2
Φ ≡ ∂2

ΦV(Φ) ∝ ρ
k−2

k
Φ

10
-4

0.001 0.010 0.100 1 10

0.0

0.2

0.4

0.6

0.8

1.0

ρ
/ρ

en
d

t/treh

Φ

R

4
k = 2

MG, K. Kaneta, Y. Mambrini and K. A. Olive, JCAP 04 (2021), 012



Decay of the inflaton
1. DMmodel
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2. Reheating

3. Freeze-in

4. Constraints
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Decay of the inflaton
1. DMmodel
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2. Reheating

3. Freeze-in

4. Constraints
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Freeze-in during reheating
1. DMmodel
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2. Reheating

3. Freeze-in

4. Constraints

For the out-of-equilibrium process i + j + · · · → Ψ+ a + b + · · · ,

∂f3/2

∂t − H|p|∂f3/2

∂|p| ≃ 1
2p0

∫ gad 3pa
(2π)32pa0

gbd 3pb
(2π)32pb0

· · · gid 3pi
(2π)32pi0

gjd 3pj

(2π)32pj0
· · ·

× (2π)4δ(4)(p + pa + pb + · · · − pi − pj − · · · )

× |M|2i+j+···→Ψ+a+b+···fi fj · · ·

(freeze-in)



Inflaton decay Φ → Ψ+Ψ
1. DMmodel
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2. Reheating

3. Freeze-in

4. Constraints
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Inflaton decay Φ → Ψ+Ψ
1. DMmodel
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2. Reheating

3. Freeze-in

4. Constraints
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Light DM production from non-quadratic inflaton decay / preheating → work in progress!



Scatterings H + ν → Ψ+ B
1. DMmodel

<latexit sha1_base64="tQbncTrJZeAkvkGRgeQgqhlvYnQ="></latexit>

2. Reheating

3. Freeze-in

4. Constraints
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Scatterings H + ν → Ψ+ B
1. DMmodel
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2. Reheating

3. Freeze-in

4. Constraints
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Scatterings H + ν → Ψ+ B
1. DMmodel
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2. Reheating

3. Freeze-in

4. Constraints

∂f3/2

∂t − H|p|∂f3/2

∂|p| ≃ 1
2p0

∫
2d 3p′

(2π)32p′
0

d 3k1

(2π)32k0
1

2d 3k2

(2π)32k0
2
(2π)4δ(4)(p + p′ − k1 − k2)

×

(
−8

3
α1

2y2

m2
3/2M 2

RM 2
P

s2t
)

1
ek1/T + 1

1
ek2/T − 1

Ω3/2h2 ≃ 0.1
(

α1

2 × 10−3

)2(427/4
greh

)3/2( Treh

1010 GeV

)5

×
( m1

0.15 eV

)(1014 GeV
MR

)(
104 GeV

m3/2

)(
Tmax

Treh

)10/3

(quartic inflaton potential, ϕ → f̄ f )

MG, K. Kaneta, Y. Mambrini and K. A. Olive, JCAP 04 (2021), 012



Scatterings H + ν → Ψ+ B
1. DMmodel
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2. Reheating

3. Freeze-in

4. Constraints
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Scatterings H + ν → Ψ+ B
1. DMmodel
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2. Reheating

3. Freeze-in

4. Constraints
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Thermalization in non-quadratic reheating to be determined

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



Constraints: ΩDM + γ + ν
1. DMmodel
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2. Reheating

3. Freeze-in

4. Constraints
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How warm is out-of-equilibrium dark matter?
1. DMmodel
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2. Reheating

3. Freeze-in

4. Constraints

Light DM→ free streaming→ suppression of structure
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How warm is out-of-equilibrium dark matter?
1. DMmodel
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2. Reheating

3. Freeze-in

4. Constraints

For non-equilibrated DM, R. Murgia, V. Iršič and M. Viel, PRD 98 (2018), 083540
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How warm is out-of-equilibrium dark matter?
1. DMmodel
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2. Reheating

3. Freeze-in

4. Constraints
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Constraints: ΩDM + γ + ν + Lyman-α
1. DMmodel
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2. Reheating

3. Freeze-in

4. Constraints
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Thank you!


