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Higgs portal for fermionic dark matter

A

Lint D A (IEDMIDDM) (HTH)

e H'H is one of two lowest-dimensional
gauge-invariant operators in SM.

e Provides WIMP candidate.

e Can be tested on current colliders.

e Searches for mediators.

Pure electroweak singlet,
, doublet, triplet.

" YA Dark matter candidate only at
Higgs threshold or too heavy
for colliders.

[Beniwal et al., [512.06458] [Cirelli et al,, 1507.05519]
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Minimal renormalizable extensions:

singlet-singlet, singlet-doublet,
doublet-triplet.

Tiny portal coupling: naturalness?

[ Freitas, Westhoff, Zupan, 1506.04 149]
[Lee et al, 0803.2932] [Dedes, Karamitros, 1403.7/44]
[Mahbubani, Senatore, hep-ph/0510064]
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Singlet-triplet scenario

2 majorana fields: SU(2) singlet ¥s and triplet ¢ 1
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Mass states are admixtures of ¥s and y¥r
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Couplings of dark fermions

Two physical scenarios, depending on parameters of the theory:

Scalar case: Pseudo-scalar case:

Couplings o 1,7, Couplings X VY5, Yu 5

Connected through | Chang;es the S|gn_of the mass term:
chiral rotation: —my; — My
Yy — 1Y5Y
e Leads to pseudo-scalar (axial-vector) interactions:

Un, 0 = 1R, ys



Relic density



Relic density
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Direct detection

(ann. from higgs resonance)
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Direct detection

(ann. from higgs resonance)
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LHC searches: long-lived states

AM ~ 160 MeV/ AM =15 — 30 GeV by
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Collider searches
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Summary

e Singlet-triplet Higgs portal is a minimal fermionic extension to the
SM weak sector with a naturally small coupling.

e There are two physical scenarios in this model: with scalar (vector)
and pseudoscalar (axial-vector) couplings to Higgs (W bosons).

e The most promising collider signatures involve displaced particles.
They probe very small portal couplings.

e New searches are needed to conclusively test this scenario:
displaced jets and soft leptons, appearing tracks, etc.
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Mixings & spectrum

Lot D ———Tr(¢rr) — 7&3%05 + 5 [(HWTHWS + %ES(HWTH)]




Mixings & spectrum

ms - A

Low > LT (brr) — "2 Gsws + 3 [(Hbr H)s + s (H Y H)|

0 ~ H
mr —1mns (2#1) B (Sin 0y + cos 6’¢S>
1= Av? /V2A vn ) \cosbir —sinbfyg



Mixings & spectrum
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Higgs resonance
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