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Production depends on  
which is poorly constrained. 

Usually, 

Trh

Trh → ∞
What happens if one considers low  ?Trh
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Lower   Trh  Boltzmann suppressedF Stronger DM-SM coupling required 

Additional contribution : « super-WIMP » (ie. mediator decay after its freeze-out) if .Trh > TFO

When  sufficiently small 

-> F extremely suppressed -> SM particle annihilations can dominate

Trh

If ,  cannot reach thermal equilibrium -> consider  freeze-inTrh < TFO F F

In both cases, can compute contribution by rescaling with  Ωh2
F ×

ms
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 Freeze-out F

 density reaches equilibrium then 
freezes-out 

F

 freeze-inF

Benchmark with  GeVmF = 800
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In high   freeze-in, this model predicts a very longed-lived  in order to saturate the relic density 
constraint 

Trh F
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Graphic credits : Heather Russel
+ eventually prompt searches for short lifetimes

8

Constraints obtained with SModels arXiv: 2409.12942



Thomas Reggio

 vs y f
s mF

9

Relic contours cross 
different types of 

searches 
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 vs  with   GeVy f
s ms mF = 400

Phase space 
suppression

Effect of the Boltzmann suppression

Dominated 
by  decays F

Frozen-in  density negligible, 
scattering process are dominant

F
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 vs  with   GeVy f
s ms mF = 800

Super-WIMP 
contribution 

saturates relic 
density  

Ωh2
Super−WIMP = Ωh2

F ×
ms

mF

No constraints from prompt and DV 
searches 

Effect of Boltzmann suppression 
enhanced with higher mF
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Conclusion and outlook
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• In the freeze-in mechanism, dark matter production depends on the reheating 

temperature which is poorly constrained. 

• Usually taken to be effectively infinite, reducing its value leads to stronger coupling in 

order to reproduce the observed dark matter abundance in the universe. 

• Modified cosmological assumptions can open up the parameter space of freeze-in 

models and lead to alternative phenomenological signatures. 

• Different contributions (SM lepton annihilations, Super-WIMP contributions, Frozen-in  

decays …) can drive the relic density in different parts of the parameter space. 

• To appear : direct detection constraints.

F
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