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COMPELLING EVIDENCE FOR THE EXISTENCE
OF DARK MATTER
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DARK MATTER RELIC DENSITY
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FEEBLE INTERACTING DARK MATTER

= Dark matter production through
freeze-in [Hall et. al. 2009] 0.001

= Gradual production through decay
of mediator

= Suppressed couplings to the SM
* Long Lived Particles
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FEEBLE INTERACTING MASSIVE PARTICLE

Decay Length > DM relic density
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Too long lived to give displaced vertices at current
LHC experiments



REHEATING PERIOD
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FREEZE-IN DURING REHEATING
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BOUNDS ON COSMOLOGY USING LHC

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

Case 1: My, mmediatorand CT are Case 2: Only mmediatorand CT are
reconstructed reconstructed
¢ Requiring Qh?=0.12 and m_ > 10keV

Requiring Qh2?=0.12 (Lya bounds)
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MODEL CLASSIFICATION
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LLP SEARCHES
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SENSITIVITY TO SIMPLIFIED MODELS

Label + | + | +|DL|DWV|Dy|DT|RH|HSCP | KT
MET | MET |

Fis & Spy v v |V
Fro &S || v | v v v |V
Fon &Sy | v | v
Fu& Sy | v | v | v |V v

Fer Y% v

Fore v | v [ v v ] v vV v
Sio & Fu || v | v |V |V | v v v
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SENSITIVITY TO SIMPLIFIED MODELS

Label + + + | DL | DLV | Dy | DT | RH | HSCP | KT
MET | MET | u

Fip & Siy v v v

Fro & Sry v v v v v
Fop & Sy v v v
Fio & Sy v v v |V v
Fox v v v

v v |V v v v




SINGLET-TRIPLET MODEL

Qh 012 mpy = 10 keV
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SUMMARY

Link between freeze-in DM production and mediator lifetime
By allowing T, <m_____, 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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BOUND ON REHEATING TEMPERATURE




BOUND ON REHEATING TEMPERATURE
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DISPLACED PHYSICS SEARCHES @LHC

Signature Exp. Document NE L Label
R-Hadrons CMS EXO0-16-036 | 13TeV | 12.9fb~! RH
HSCP ATLAS | 1902.01636 | 13TeV | 36.1fb~! HSCP
ATLAS 1712.02118 | 13TeV | 36.1fb!
Disappearing tracks DT
CMS 1804.07321 | 13TeV | 38.4fb~1
‘ 1409.4789 | 8TeV | 19.7fb~!
Displaced leptons (epu) CMS DL
EX0-16-022 | 13TeV | 2.6fb !
Displaced vertices + MET ATLAS | 1710.04901 | 13TeV | 32.8fb~! | DV+MET
Delayed jets + MET CMS 1906.06441 | 13TeV | 137fb~1 | DJ+MET
Displaced jets + ATLAS | 2003.11956 | 13TeV | 136fb* DJ+p
Displaced dilepton vertices ATLAS 1907.10037 | 13TeV | 32.8fb~ 1 DLV
Delayed photons CMS 1909.06166 | 13TeV | 77.4fb~ ! D~
Monojet 1711.03301 | 13TeV MJ

Kinked Tracks

ATLAS
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