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Minimal value of the couplings ensuring thermal equilibrium
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Thermal freeze-out

«Conventional» freeze-in
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Purpose of this study:

Investigate how the parameter space to be probed through Direct 
Detection is affected by non-standard Cosmology/non-thermal DM 
production.
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DM production in non-standard Cosmology
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Case 𝑏𝐷𝑀 = 0

(thermal production of 
DM during non-standard 
cosmological evolution)
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At high coupling 
the DM enters in 
chemical 
equilibrium at 
Early times

At low couplings 
the DM never 
comes into 
thermal 
equilibrium

Dilution from 
entropy injection

Final relic density
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Production with chemical equilibrium Production without chemical equilibrium
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Case 𝑏𝐷𝑀 ≠ 0

(non-thermal production of 
DM during non-standard 
cosmological evolution)
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Ω𝐷𝑀
𝑁𝑇 ℎ2 ≃

𝑇𝑠.𝑓.𝑜.
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Thermal equilibrium at Early times Dilution from entropy injection.

Reannihilation phase
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Production during 
Early Accelerated 

Rates
𝜌Φ ∝ 𝑎−(4+𝑛)
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Conclusions 

WIMPs still retain theoretical motivation even in light of the 
increasing experimental tensions.

We have determined a series of theoretical benchmark to continue 
the quest of the DM beyond the neutrino floor.
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