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COMPELLING EVIDENCE FOR THE EXISTENCE OF DARK MATTER

Only gravitational evidence
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AMOUNT OF DARK MATTER IN THE UNIVERSE TODAY

Dark matter relic abundance
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PRODUCTION OF DARK MATTER IN EARLY UNIVERSE

Thermal 
Bath
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Boltzmann equation 
for a b -> c d:



SIMPLIFIED LEPTOPHILIC DM MODEL
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SIMPLIFIED LEPTOPHILIC DM MODEL
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AnnihilationAnnihilation

Annihilation
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SIMPLIFIED LEPTOPHILIC DM MODEL
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Conversion

Conversion
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SIMPLIFIED LEPTOPHILIC DM MODEL

7



DARK MATTER 
PRODUCTION 
MECHANISMS



DARK MATTER FREEZE-OUT
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MEDIATOR DRIVEN FREEZE-OUT
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CONVERSION DRIVEN FREEZE-OUT
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VIABLE PARAMETER SPACE FOR CONVERSION DRIVEN 
FREEZE OUT
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Conversion Driven
Freeze Out

Dark Matter
Freeze Out

Mediator Driven
Freeze Out



LONG LIVED 
COLLIDER 

SIGNATURES



LONG LIVED COLLIDER SIGNATURES
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LONG LIVED COLLIDER SIGNATURES

Heavy Stable 
Charged Particle

Displaced 
Leptons

Disappearing Track
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COLLIDER CONSTRAINTS

Heavy Stable 
Charged Particle

Displaced Leptons

Disappearing Track

Dashed: CMS @ 8 TeV
Solid: CMS @ 13 TeV

CMS and ATLAS @ 13 TeV

CMS and ATLAS @ 8 TeV and 13 TeV
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SUMMARY

• Leptophilic dark matter model

• Feebly interacting dark matter

• Novel production mechanism

• Long lived particle signatures at colliders
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BACK-UP SLIDES



DARK MATTER PRODUCTION



VIABLE PARAMETER SPACE FOR CONVERSION DRIVEN 
FREEZE OUT



COLLIDER CONSTRAINTS



FREEZE-IN

SM



SUPERWIMP

SM



COANNIHILATION DRIVEN FREEZE-OUT



RATE COMPARISON



DEPENDENCE ON PARAMETERS



BOLTZMANN EQUATIONS



COLLIDER SEARCHES

• Heavy Stable Charged Particles: CMS @ 13 TeV and 12.9 fb⁻¹

• Disappearing Tracks: CMS @ 13 TeV and 38.4 fb⁻¹

• Disappearing Tracks: ATLAS @ 13 TeV and 36.1 fb⁻¹

• Displaced Leptons: CMS @ 8 TeV and 19.7 fb⁻¹

• Displaced Leptons: CMS @ 13 TeV and 2.6 fb⁻¹


