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Freeze-in in a nutshell (FIMPS)
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I Need to integrate over time —> Strongly depend on initial condition and cosmological history

Small coupling —> Difficult to probe




Non-relativistic freeze-out (WIMPS)
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We will assume: <O’U> ~

Follow thermal equilibrium until:
P(tpo) = neglov) ~ H(tg,)
’7° g, A4

Kolb and Turner, The Early Universe Front.Phys. 69 (1990), 1-547
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Relativistic freeze-out
o

We will assume: <O’U> ~ 3

A2 However due to entropy conservation: Neg™ = cst
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17 eV < My S < 170 eV (real scalar)

11eV < m, S 110eV  (Majorana fermion)

Follow thermal equilibrium until:
P(tpo) = neglov) ~ H(tg,)

A 272
T, = A
— (MPQC(3)

L

Oz> il No dependance on the coupling!




Sumary of standard dark matter production

Thermal WIMP
Y al/T
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Yann Mambrini Particles in the dark universe

Thermal equilibrium erase memory !




A small problem of measurements

Direct detection \
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We need to look for caveats if we want to keep thermal equilibrium!
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G. Arcadi et al :The Waning of the WIMP: Endgame?




A small problem of measurements
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Higher masses?
We need to look for caveats if we want to keep thermal equilibrium! Non standard cosmological evolution?




Reheating after inflation

inflation L L radiation domination
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Reheating after inflation

We use the boltzmann equations :
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Reheating after inflation

We use the boltzmann equations :
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Reheating after inflation

We use the boltzmann equations :

p¢ —|— SH(l _|_ w¢)p¢ — _(1 _l_ w¢)F¢IO¢ 1051 - M v — 105
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Entropy injection dilutes dark matter!
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Non-relativistic freeze-out during reheating
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We will assume: <O’U> ~
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Follow thermal equilibrium until:

[(tfo) = neg{ov) ~ Hts,)
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Extra dilution due to entropy injection during reheating

N. Bernal and Y. Xu WIMPs during reheating, JCAP 12 (2022), 017
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Non-relativistic freeze-out during reheating

Tn N. Bernal and Y. Xu WIMPs during reheating, JCAP 12 (2022), 017
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Relativistic freeze-out during reheating
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Overproduce dark matter if mX Z 0(102) eV

Reheating can save the day! I




Relativistic freeze-out during reheating
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L(t o) = neglov) ~ H(t o)
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Relativistic freeze-out during reheating

2k
The boltzmann equations gives: [N~ Tn+3 H ~ Tk—1

Freeze-in period after decoupling depending on how fast is the transition
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Relativistic freeze-out during reheating my <Tru

Y\(arm) =Yro +Yyy + YR Y(arm) = 3Yy,
IR dominated UFO UV dominated UFO




Relativistic freeze-out during reheating  my > Tru
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Producing the right relic abundance

k=2.n—=2 k=4 n—=2
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A comment about cosmological constraints

Dark matter need to be compatible with relativistic degrees of freedom at CMB time: ANeff < 0.18
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One can compute the DM temperature at BBN: TBBN — TBBN

T, 9RH Jfo

» TRH S 13Tf0 Always satisfied!

DM need to be cold at the time of structure formation: mX > 5kev




Conclusion

 Relativistic freeze-out can be done during reheating.

* It offers a compeling alternative in between the usual WIMP and
FIMP paradigm.

* Drawback: Small reheating temperature for higher masses.




Thank you!




