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A Simplified t-channel Model
• SM + Dark Matter Particle 𝜒:𝑀𝑎𝑗𝑜𝑟𝑎𝑛𝑎 +  mediator 

( !𝑋! (𝟑, 𝟏, +2/3)) 
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Mediator !𝑋! Dark Matter 
𝜒

Simple model with three parameters; 

DiFranzo et. al. 2013, KM et. al 2019
Arina et. al. 2020 & 2021



• In the early universe, 
dark matter was in 
thermal equilibrium with 
SM 
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Co-annihilation 
• If 𝑚!! ≫ 𝑚" then these are Boltzmann suppressed.
• If 𝑚!! ∼ 𝑚" we would need a system of n Boltzmann 

equations

3



Co-annihilation
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Sommerfeld Effect A. Sommerfeld Ann. Phys. 
403 (1931) 257
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Bound State Formation
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Cannot use k factor
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• HSCP: Heavy stable charged particle 
searches (decays in or outside detector)
• BSF: Bound State Formation – Bound 
states form and decay to gauge bosons 
at LHC
• SI : Spin Independent Direct Detection
• SD: Spin Dependent Direct Detection
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Future Projection

• HSCP: Heavy stable charged particle 
searches (decays in or outside detector)
• BSF: Bound State Formation – Bound 
states form and decay to gauge bosons 
at LHC
• SI : Spin Independent Direct Detection
• SD: Spin Dependent Direct Detection
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FCC 100TeV ?
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Summary
• Looked at the impact of Sommerfeld enhancement and Bound State 

Formation on the relic density.
• Strong effect on the Simplified t-channel parameter space – and should be 

taken seriously.
• Next steps

• Formalism allows to be generalized to many models
• Plans to release tool for community use.
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