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Secluded dark matter models
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Three extensions of the standard model 
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Kinetic mixing

Simplified model

Higgs Portal
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Thermal history of the mediator
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Thermal equilibrium of the dark-sector mediator
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Thermal equilibrium of the dark-sector mediator
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BBN constraints
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Model I (Dirac dark matter and an extra U(1)x)
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WIMP CASE

SECLUDED CASE
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Connecting Neutrino mass and Dark Matter ‘invisibility’
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• Is there a theoretical reason why ε<<1?

• Another quantity in the SM model is extremely small and we do not know why: 

The neutrino mass that is 10-7 times lighter than the electron mass.
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See-saw mechanism
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Casas–Ibarra in the Aligned case
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Loop induced portal
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Mediator decays before BBN
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Dark Matter freeze out
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• As the temperature drops below MN,I its abundance 
becomes Boltzmann suppressed and portal–mediated energy 
exchange shuts off. 


• From that moment on, the comoving entropies of the two 
sectors are separately conserved
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Bounds from direct detection
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Conclusions

14

• Direct, indirect, and collider searches are pushing standard WIMP models into increasingly 
small regions of parameter space.

• In particular, scenarios where the same couplings govern both the relic density and direct-

detection signals are now strongly constrained.

• Secluded DM models offer an elegant alternative, since the thermal history is decoupled 

from laboratory signatures.

• In these models, the relic abundance is set by interactions with a mediator that was in 

thermal equilibrium with the SM in the early Universe, while the portal to the visible sector 
remains very small.


• Such tiny couplings — or even a vanishing tree-level portal — can naturally arise in 
sequestered setups or through an appropriate symmetry.


• The portal then appears only at loop level, and heavy neutrinos above the TeV scale 
can simultaneously explain the smallness of neutrino masses and the invisibility of 
DM in laboratory searches.



Backup slides
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Dark matter with Beyond the standard Models
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Dark Matter simplified Models

Higgs Portal models
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Neutrino portal processes 
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Decoupling of NI
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Dark sector freeze-out
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• The scalar portal (and similarly the abelian kinetic mixing) is gauge invariant and is 
therefore generically present in a 4D renormalizable EFT unless it is forbidden by 
additional UV structure.


• In our framework we impose the boundary condition. 


• Sequestered sectors: A simple way to forbid all renormalizable tree-level portals is 
to assume that, at the UV scale Λ, the visible and dark sectors are geometrically or 
dynamically separated so that the renormalizable Lagrangian factorizes. 


• Discrete symmetry: A complementary (and often orthogonal) protection is a 
discrete symmetry in the dark sector that forbids the portal at tree level.

Zero tree level portal
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Secluded vs WIMP
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