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» Thermal DM candidates: WIMPs, SIMPs, ELDERs and Cannibals.

> For a given mass (m), depends on two key temperatures:
> Temperature at Chemical Freezeout (T, T{.)
> Temperature at Kinetic Decoupling ( Ty).
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WIMPs (Weakly Interacting Massive Particles): m > Tg, > Ty

dn,y,

dt

+3Hn, = —(voy) [0} — (n$)?]  WIMP DM typically requires:

<gv> ~ few 102 cmd/s

107!
107°

107°

ny/s

1077

Y

107°

101

Quh? =012

- * GeV to TeV masses
* O(1) couplings DM-SM

* reheating temperature
* coupling to the inflaton

10-1
10

Thermal DM with low temperature reheating

210t

10"

10! 10? 10% 10t

I

LDW 2024, KAIST

Independent on initial conditions!

* DM density after reheating
* cosmological evolution before freeze-out
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SIMPs (Strongly Interacting Massive Particles): m > Ty, > Ty

U s -
% +3Hny = —(ov?) [n —n2 ng] SIMPs = Freeze-out within the dark sector
a
107!
107 — Y. —
107° DM

<

& g7 o "
| o oM
>~ o107 Quh? >~ 0.12

10-1 "II> N

102 107! 10" 10! 10? 10* 10!
x=m, /T

Thermal DM with low temperature reheating LDW 2024, KAIST Kuldeep Deka (NYUA



sis during reheating Summary

Introduction Low Temperature Reheating
[e]e]e]e]e] lejele] O

SIMP Dark Matter
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- , SIMP DM typically requires:
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+3Hny = —(ov?) [n —n2 ng] SIMPs = Freeze-out within the dark sector

* MeV masses
* O(1) couplings DM-DM
* very suppressed couplings DM-SM
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ELDERs (ELastically DEcoupled Relics): m > Ty > T,

Evolution of the temperatures
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Cannibal: Ty > m > T,

Evolution of the temperatures
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Cosmic reheating
- Transition from an inflaton-dominated
to a SM radiation-dominated era
- End of reheating at T
o T > Toon ~ 4 MeV \‘;\,{\\\% al'mihllalir)n fermions

Inflaton Energy Density:

p¢(a) o g~ 3(1+w)

Scaling of SM temperature:

T(a) = T (22)°

3 (14w)
Hubble Scaling: H(T) ~ H(T,) X (Tlh) ** for T> T J
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Parameter space during radiation J
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Cosmological history of the Universe important for DM genesis.

* Thermal Dark Matter: WIMPs, SIMPs, ELDERs and Cannibals
* Model-independent approach: Chemical vs. kinetic equilibrium

» Dark Matter could have been produced during Cosmic Reheating
- Large uncertainties (T:», equation of state, scaling of SM temperature)

» Parameter space greatly enlarged
- m <108 GeV
- smaller DM-SM couplings, but within the range of future detectors

» Dark Matter production during reheating (and inflation!) has to be studied!
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