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● Minimal, predictive theoretical framework:
1. SM increased with a single EW multiplet
2. Three parameters (n, Y, M)
3. M determined by gauge interactions through freeze-out

● Not fully nor systematically explored
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Computing the DM Relic Abundance

Boltzmann equation:

WHICH CROSS-SECTION?

Std. tree-level cross-section: Correct...

... but inaccurate! Important physics is missing

● Sommerfeld enhancement

● Bound states formation
Large non-perturbative, non-relativistic effects!
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Sommerfeld Effect (SE) & Bound States (BS)
SE: Potentials deform the wave function of incoming particles

BS: Particle-Antiparticle pair bind into a wimponium bound state emitting a gauge boson

The pair in the bound state later annihilates into SM (annihilation enhancement)

Mitridate ‘17
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Complex WIMPs - Y≠0

Surviving candidates:
● Y=½, n<13 (perturbative unitarity bound)
● Y=1, n= 3, 5 (perturbativity of mass splitting)
● Y>1 are non-perturbative!
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Conclusions

● We computed the thermal mass of all perturbative WIMP candidates
● Real candidates can all be excluded by high exposure (> 200 ton x year) 

Xenon experiments like DARWIN
● Complex candidates with Y≠ 0 and minimal splitting can also be excluded by 

DARWIN, with the exception of n=2 and 5
● Future DD experiments can close most of the parameter space spanned by 

mass splittings
● Collider can close the parameter space for light multiplets, while ID for the 

heavier ones (future work)



Thanks for the attention



Back-up



Real WIMPs



Complex WIMPs Y=0



Complex WIMPs Y≠0



Inelastic DM

N N


