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Introduction
• The dark matter (DM) is a fundamental and 

unresolved problem in particle physics.

• The Weakly Interacting Massive Particles
（WIMPs）can explain the dark matter relic 
density                       through its thermal 
freeze-out with a weak scale annihilation cross-
section
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Introduction

• Dark matter (in)direct detection constrains 
many of WIMP models
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Introduction
• Coannihilation mechanism provides an 

alternative way to explain DM relic abundance 
through the annihilation with slightly heavier 
particles, denoted as coannihilation partner.

• The  contribution from coannihilation are 
encoded in effective cross section: 

Where
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Introduction
• Elastic scatterings between DM and SM particles are 

negligible and inelastic scatterings are kinematic 
suppressed. Models are free from direct detection 
constraints.

• The decay widths of heavier states are suppressed 
by small mass splittings. They can be probed in 
collider as LLPs.

• Previous studies:  coannihilation dominated by      
LLP search for light DM. 

• This study :          is dominant

DM mass >100GeV 
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Coannihilation inelastic DM Models
• Consider Lagrangian with complex scalar 

Where  U(1) violation terms         and       are 2×2 rank 1
matrices 
and      is proportional to        . After diagonalizing the 
mass terms:

We have 
Only     couple with SM particles,     can not be DM 
candidate
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Coannihilation inelastic DM Models
• Scalar-vector model

Gauging the U(1) Symmetry, introducing dark photon 
A’, which have kinetic mixing with SM B field:

Where                            introducing coupling 
between 2 scalars. Diagonalizing mass terms we have:

decay mainly mediated by dark photon, 

its width is suppressed by dark photon mass, 

small coupling and mass splitting.
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Existing constraints from Cosmology and LHC

• Dark Matter relic abundance

• Thermalization requirement

11

𝑠1 + 𝑓 ↔ 𝑠2 + 𝑓



Existing constraints from Cosmology and LHC

• Direct detection: 
elastic scatterings : very small 
inelastic scatterings : suppressed by non-relativistic 

velocity. 
• Indirect detection:

: tiny pair annihilation cross-section. 
: already decayed in early universe. 

• LHC search: MET+mono jet, dilepton resonance search 
in LHC constrains some of parameter space. 

• Electroweak precision measurement (EWPM) is not 
sensitive to parameter region in our model since      is 
very heavy.
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LLPs phenomenology at collider
• Producing and decaying of      at LHC  

• The initial radiation jet can trigger the event or become 
time stamp in delay time strategy in LLP search.

• As long lived particle,     will have displaced or delayed 
signatures in detector.
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LLPs phenomenology at collider
• Time delayed signature at LHC

can identify LLP event at LHC and 
suppress background
• Scalar-vector search at
HL-LHC (                 )

DMJ cut:
Delay time cut:
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LLPs phenomenology at collider
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The expected sensitivity at HL-LHC to the scalar-vector model in the 𝝐𝒈𝑫, 𝒎𝟐 plane 
for 𝑳 = 𝟑 𝐚𝐛−𝟏 and 𝒔 = 𝟏𝟑 𝐓𝐞𝐕
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Conclusion

• We explore a coannihilation scenario that 
annihilation between coannihilation partner is 
the dominant contribution.

• We illustrate this mechanism with simplified 
scalar DM model.

• The heavier scalar can be LLP, and can be 
probed in HL-LHC. 
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Backup
• Derivation of co-annihilation effective cross section
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Backup
• Scalar-vector model details
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Backup
• Co-annihilation calculation
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Backup
• Decay width
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