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HIGGS-PORTAL
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Higgs Portal model for ATLAS
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Higgs coupling combination
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[ATLAS-PHYS-PUB-2013-015]
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[e.g. Djouadi et al,, arXiv:1310.8214]
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[e.g. Craig et al., arXiv:1412.0258]



FERMION DARK MAT TER
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Higgs portal interaction i1s not renormalizable.

— UV completion includes mediator.

Can we see Higgs-portal mediators at colliders!




ERECOMPLETIONS OF THE RIGGS PORSS
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Mediators with mass up to a few 100 GeV:
Higes portal Is ,,open™ at the LHC.




- XAMPLE: SINGLET-DOUBLET MODE

Dark fermions mix through Yukawa interaction:
L= —mpYp¥p — mssps — (ypHys + h.c)

(H) = v/v2 X; = cos 0y} — sin Og
g 0 : 0
X;, = sin 6y + cos 0yg

Mixing controls coupling to Higgs and gauge bosons:
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> __ _h_ >wAZm
0 \ e sin(26) 0 \ 58

26W

Za symmetry ensures DM stability.
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OBSERVING PARTICL

annihilation
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relic density and indirect detection

scattering
direct detection

production

colliders




SIREC T DETECTICTS

Spin-independent DM-nucleus scattering:
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Currently strongest bound on weak-scale DM scattering:

LUX experimeﬂt o0 (mX ~ 100 GeV) 5 10~ %P cm?  [Lux col, arxivi 13108214

[picture: lux.brown.edu]


http://lux.brown.edu
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Effective interactions:

Dirac Smglet —

Majorana singlet:
gy =0
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DARK FERMION-NUCL
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LUX bound — DM must be singlet-like, 0 ~ 7/2.
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RELIC DENSITY

Dirac dark matter annihilation: yy — Z — qg, ¢7¢~

Observed relic density: 2,h° = 0.1199 4= 0.0022 perckcot.enxiciscaorsss

LUX bound strongly constrains annihilation rate.

Co-annihilation xi X", Xi Xm prevents over-abundance.

Exception: Higgs-resonance region for Majorana DM.
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DARK FERMION SEARCHES AT COLLIDERS

Relic density and direct detection:

Small mass splittings m,, —m;,m* —m{ — soft decay products.

Hard jet helps to trigger on soft-lepton events:

L HC run |l
ET > 300 GeV

pr(j1) > 300 GeV
pT(ﬁ) < 20GeV

[Schwaller, Zurita, arXiv:1312.7350, et al.]

Cross section too small for mono-jet searches at the LHC.
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SUMMARY DARK DIRAC FERMIONS
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Need high-energy collider to test this model conclusively.



SUMMARY DARK MAJORANA FERMIONS
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Future direct detection experiments
and/or high-energy collider can test this model.
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><>H TAKE HOME

X N Higgs-portal fermion dark matter

- Mediators can be searched for In signatures
with soft leptons at the LHC.

- Future lepton and high-energy hadron colliders
are needed to test such models conclusively.

- Direct detection experiments provide
complementary information.



