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COMPELLING EVIDENCE FOR THE EXISTENCE 
OF DARK MATTER

Only gravitational evidence
1
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DARK MATTER RELIC DENSITY

2

Dark Matter Relic 
Abundance
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FEEBLE INTERACTING DARK MATTER

[Hall et. al. 2009]

 Dark matter production through 
freeze-in

 Gradual production through decay 
of mediator

 Suppressed couplings to the SM
 Long Lived Particles

B
DM

Mediator SM

Γ
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FEEBLE INTERACTING MASSIVE PARTICLE

4

Decay Length

B
DM

SM

DM relic density

Too long lived to give displaced vertices at current 
LHC experiments
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 Standard freeze-in happens during radiation era (T
RH 

>> m
mediator

)
 If not, DM production during reheating period

REHEATING PERIOD

5
[D’eramo et. al. 2015]
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FREEZE-IN DURING REHEATING

6

Γ

Relic abundance gets 
diluted if T

RH
 < m

mediator

Vary T
RH

 to obtain correct 

relic abundance and 
displaced vertices at LHC 
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BOUNDS ON COSMOLOGY USING LHC

7

 Link between DM production and decay length
 Discovery at LHC can constrain cosmological parameters

Case 1: m
DM

, m
mediator

 and cτ are 

reconstructed 

Requiring Ωh²=0.12h²=0.12

Case 2: Only m
mediator

 and cτ are 

reconstructed 

Requiring Ωh²=0.12h²=0.12 and m
DM 

> 10keV 

(Lyα bounds)

Exact prediction of T
RH Upper Limit of T

RH



9

MODEL CLASSIFICATION

B

DM

A
SM

  8
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LLP SEARCHES

  9

Kinked Track (KT)

Delayed Photon (Dγ))

Delayed Jet (DJ)
Displaced vertices + MET (DV+MET)

Displaced Lepton 
vertex (DLV)

Disappearing
Track
(DT)Displaced 

Lepton (DL)

Displaced vertices 
+ Muon (DV+μ))

Heavy Stable Charged Particles (HSCP)
R-hadrons (RH)
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SENSITIVITY TO SIMPLIFIED MODELS

10
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SENSITIVITY TO SIMPLIFIED MODELS

10
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SINGLET-TRIPLET MODEL
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SUMMARY

12

 Link between freeze-in DM production and mediator lifetime
 By allowing T

RH
 < m

mediator
, displaced vertices searches probe large 

regions of parameter space
 A displaced vertex discovery can help to constrain cosmological 

parameters
 Displaced jets/leptons and kinked track have large sensitivity to 

simplified DM models
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Back-up slides
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IR FREEZE-IN
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UV FREEZE-IN
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BOUND ON REHEATING TEMPERATURE



19

BOUND ON REHEATING TEMPERATURE

Ωh²=0.12h² ~ m
DM

 

Lower mass
Smaller abundance

Less dilution needed
Larger T

RH 
allowed

m
DM

>10keV

No larger T
RH 

allowed 
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DISPLACED PHYSICS SEARCHES @LHC


