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

1. Model
Building

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]

Not a new idea: the gravitino in supergravity is a well-known non-thermal relic. For
WIMP-like models see

• Z. H. Yu et al., Nucl. Phys. B 860 (2012), 115
• R. Ding et al., JCAP 05 (2013), 028
• N. D. Christensen et al., Eur. Phys. J. C 73 (2013) no.10, 2580
• K. G. Savvidy and J. D. Vergados, Phys. Rev. D 87 (2013) 075013

For these there’s a Z2 symmetry to make it stable.
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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]

Consider instead a minimal set-up,

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.

with usual mixing relations

m1 ≃ y2v2

2MR
, m2 ≃ MR , tan θ ≃ yv√

2MR



Decays
1. Model
Building

2. Reheating

3. Freeze-in

4. Constraints
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Decays
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Building
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Production (via scatterings)
1. Model
Building

2. Reheating

3. Freeze-in

4. Constraints

α1 dominates
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Production (via inflaton decay)
1. Model
Building

2. Reheating

3. Freeze-in

4. Constraints

Assume LΦ ⊃ yνΦν̄RνR. Via α1,

MR ≪ mΦ:

<latexit sha1_base64="6qe7xxv7FWSBYW/aJE2OQmrW2B8="></latexit>
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Reheating
1. Model
Building

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

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. Model
Building

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

2. Reheating

3. Freeze-in

4. Constraints

Φ2.

t

|Φ|3
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Φ4.

t

Over one oscillation

⟨Φ̇2⟩ ≃ ⟨ΦV ′(Φ)⟩y
⟨PΦ⟩ =

k − 2
k + 2 ⟨ρΦ⟩



Inflaton oscillation
1. Model
Building

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

2. Reheating

3. Freeze-in

4. Constraints
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Decay of the inflaton
1. Model
Building

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

2. Reheating

3. Freeze-in

4. Constraints
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Decay of the inflaton
1. Model
Building
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Decay of the inflaton
1. Model
Building

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

2. Reheating
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4. Constraints
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Decay of the inflaton
1. Model
Building
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2. Reheating

3. Freeze-in

4. Constraints
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Freeze-in during reheating
1. Model
Building

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

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
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· · ·

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

× |M|2i+j+···→Ψ+a+b+···fi fj · · ·



Inflaton decay Φ → Ψ+Ψ
1. Model
Building

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

2. Reheating

3. Freeze-in

4. Constraints

∂f3/2

∂t − H|p|∂f3/2

∂|p| ≃ 1
2p0

∫ g3/2d 3k
(2π)32k0

d 3P
(2π)32P0

(2π)4δ(4)(P − p − k)

× 2α1
4y2

νm2
Φ

9π4M4pm4
3/2

[
5 − 6 ln

(
M 2

R
m2

Φ

)]2

(2π)3nΦ(t)δ(3)(P)

0.0 0.2 0.4 0.6 0.8 1.0
q

0.0

0.5

1.0

q2
f̄ 3
/
2
(q

)

0 1 2 3 4
q

0.0

0.5

1.0
f3/2 ∝

(
mΦ

2p

)3/2
θ(mΦ/2 − p) f3/2 ∝ q−3/2e−0.74q2

q ∝
(

Treh

mΦ

)
pco

T0

t ≪ treh t ≫ treh



Inflaton decay Φ → Ψ+Ψ
1. Model
Building
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2. Reheating

3. Freeze-in

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



Scatterings H + ν → Ψ+ B
1. Model
Building
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2. Reheating

3. Freeze-in

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

3. Freeze-in

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

3. Freeze-in

4. Constraints
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Scatterings H + ν → Ψ+ B
1. Model
Building

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

2. Reheating

3. Freeze-in

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

3. Freeze-in

4. Constraints
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Thermalization in non-quadratic reheating not known yet



Constraints: ΩDM + γ + ν
1. Model
Building
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2. Reheating

3. Freeze-in

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

3. Freeze-in

4. Constraints
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For further details, see Mathias’ talk!


