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Despite dedicated 
experiments, nature of 
DM remains unknown
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Direct detection puts
strong bounds on

DM-SM interactions

Can we produce 
DM with feeble 

interactions?

[Schumann ‘19]
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Decays gradually build up DM abundance

Mediator

DMΓ

Freeze-in
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Freeze-in provides 
link between relic 
abundance and 
lifetime
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Freeze-in during early 
matter dominated era

Γ
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Freeze-in during early 
matter dominated era

DM abundance
gets diluted

Γ
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Case 1: m
X
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B
 and cτ are τ are 

recτ are onstrucτ are ted 

Requiring Ωh²=0.12h²=0.12

Exacτ are t predicτ are tion of T
R

Probing early universe using LHC
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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 (Lyα bounds)α bounds)

Case 2: Onlyα bounds) 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

Probing early universe using LHC
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Simplified model classification
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Displaced signatures at LHC
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Sensitivity to simplified models
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Sensitivity to simplified models
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Topphilic scenario
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Topphilic scenario
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In case of a discovery, we find upper limit on T
R

Topphilic scenario



Conclusion
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● Link between DM freeze-in production and mediator 
decay length

● If TR < mB, these models can be probed by LLP 
searches

● A discovery of displaced physics can provide 
information about the early universe

● Probing different signatures is of great importance to 
identify the exact model
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Back-up

Inflationary reheating
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Back-up

Leptophilic scenario
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Back-up

IR freeze-in
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Back-up

UV freeze-in
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Back-up

Singlet-triplet
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Back-up

LHC LLP searches


