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Feebly interacting dark matter

● Nature of DM is still unknown despite many dedicated experiments
● Feebly interaction DM easily escapes (in)direct DM experiments
● DM can be produced through the freeze-in mechanism

DM Relic Density:
[Hall et. al. 2009]

[Planck 2018]
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Freeze-in production of DM

● DM is never in equilibrium with any SM particle
● Abundance gradually builds up due to mediator decay processes 

ΓMediator
DM
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Freeze-in production of DM

Γ

● DM is never in equilibrium with any SM particle
● Abundance gradually builds up due to mediator decay processes 
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Freeze-in during reheating era

● Standard freeze-in happens during radiation era (TR >> mB)

● For TR < mB, freeze-in during early matter dominated era

Γ Dilution of abundance if T
R 

< m
B 
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Probing early universe using the LHC

● Exploit the link between DM abundance and decay length to 
probe the reheating temperature in case of a discovery

Case 1: m
X
, m

B

 and cτ are τ are 

recτ are onstrucτ are ted 

Requiring Ωh²=0.12h²=0.12
Requiring Ωh²=0.12h²=0.12 and mX > 10keV 

(Ly-α bounds)α bounds)

Case 2: Only m
B

 and cτ are τ are 

recτ are onstrucτ are ted 

Exacτ are t predicτ are tion of T
R Upper Limit of T

R

[D’Eramo et. al. 2020]
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Simplified model classification
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LLP signatures
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Sensitivity to simplified models
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Topphilic scenario

In case of a discovery, this 
gives us an upper limit on T

R
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Singlet-triplet model
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Summary

● Link between DM freeze-in production and mediator decay length
● If TR < mB, these models can be probed by LLP searches

● A displaced vertex discovery can probe the early universe
● Focusing on different signatures can help narrowing down the 

specific model
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Back-up slides
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Upper limit on reheating temperature

● Decreasing m
DM

 allows for larger Y
DM

 and hence larger T
R

● m
DM

 cannot decrease indefinitely due to Ly-α bounds m
DM

>10keV

● This leads to upper limit on T
R
 if m

B
 and cτ

B
 can be determined
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Leptophilic scenario
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LLP searches used



   17

LLP searches used
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Freeze-in contribution diagrams
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IR freeze-in (renormalizable operator)
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UV freeze-in (non-renormalizable operator)
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● After inflation, inflaton starts 
oscillating and produces thermal 
bath

● At T=TR, the inflaton decays 
away and universe is radiation 
dominated

Inflationary reheating


