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HIGGS-PORTAL DARK MATTER AT THE LHC
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Figure 2: Expected upper limits at 95% CL on the WIMP-nucleon scattering cross section as a function of

the mass of the dark matter particle with 3000 fb−1 of data at
√

s = 14 TeV, shown separately depending

on whether the particle is a scalar, Majorana fermion, or vector boson. The hashed bands indicate the

uncertainty resulting from the systematic variation of the form factor fN within its uncertainty. The

excluded and allowed regions from direct searches at 90% CL are also shown [41–45]. The ATLAS

expected limits are proportional to BRinv,undet, which improve by about a factor of 2 with 3000 fb−1

compared to 300 fb−1 with (without) the inclusion of theory uncertainties in the coupling measurements.

for four different types of 2HDMs have been derived as a function of the mixing angle and ratio of vac-

uum expectation values of the two Higgs doublets, and they improve significantly with higher luminosity.

Finally the expected upper limit on the WIMP-nucleon scattering cross section arising through a Higgs

portal to dark matter has been derived. It is equally or more sensitive than existing results from direct

searches by astroparticle experiments for WIMP masses below mh/2, and improves by about a factor of

2 with 3000 fb−1 compared to 300 fb−1.

All are good examples of analyses that would benefit from a high-luminosity upgrade to the LHC

in order to collect up to 3000 fb−1 of data. The inclusion of additional channels, as well as future im-

provements in the understanding of experimental and theoretical systematic uncertainties on the coupling

measurements, would provide additional potential for sensitivity gains at high luminosity.
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mh/2

[ATLAS-PHYS-PUB-2013-015]

[e.g. Djouadi et al., arXiv:1310.8214] [e.g. Craig et al., arXiv:1412.0258]

off-shell	

Higgs processes



FERMION DARK MATTER
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(�̄�)(H†H) + i

gP
⇤
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Higgs portal interaction is not renormalizable.
UV completion includes mediator.

Can we see Higgs-portal mediators at colliders?

[image credit: CERN]



UV COMPLETIONS OF THE HIGGS PORTAL
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singlet-singlet singlet-doublet doublet-triplet

gS =
y2

2mD

Mediators with mass up to a few 100 GeV:	

Higgs portal is „open“ at the LHC.
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hHi = v/
p
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L = �mD D D �mS S S � (y DH S + h.c.)

Dark fermions mix through Yukawa interaction:

�0
l = cos ✓ 0

D � sin ✓ S

�0
h = sin ✓ 0

D + cos ✓ S

h

yp
2
sin(2✓)

�0
l

�0
l

EXAMPLE: SINGLET-DOUBLET MODEL

Mixing controls coupling to Higgs and gauge bosons:
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Z2     symmetry ensures DM stability.



OBSERVING PARTICLE DARK MATTER
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DIRECT DETECTION
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[LUX coll., arXiv:1310.8214]

Currently strongest bound on weak-scale DM scattering:

�0 =
µ2
A

⇡
|Zfp + (A� Z)fn|2

The WIMP miracle

Testing the WIMP hypothesis

indirect detection

PAMELA, FERMI, AMS-II, IceCube,
HESS, ...

talks by C. de los Heros, M. Cirelli

colliders

LHC at CERN

talk by T. Plehn

direct detection

XENON, LUX, CDMS, CRESST, DEAP,
COUPP, EURECA,...
talk by J. Jochum

T. Schwetz 30

Spin-independent DM-nucleus scattering:

LUX experiment: �0(m� ⇡ 100GeV) . 10�45cm2

[picture: lux.brown.edu]

p
k2 ' 10� 50MeV ⌧ MEW

http://lux.brown.edu


DARK FERMION-NUCLEON SCATTERING
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Dirac singlet:

Majorana singlet:
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Effective interactions:

LUX bound      DM must be singlet-like,            .✓ ⇡ ⇡/2
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RELIC DENSITY

Majorana dark matter :

Dirac dark matter annihilation:

LUX bound strongly constrains annihilation rate.

Observed relic density: [Planck coll., arXiv:1502.01589]⌦�h
2 = 0.1199± 0.0022
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FIG. 1: Feynman diagrams for the dominant annihilation channels in the Majorana DM models.

In the limit mT ,mD, |mT �mD| � mZ the radiative splittings are given by

�m+
T =

g2

8⇡
(mW � c2WmZ), �m+

D =
e2

8⇡
mZ . (35)

The corrections to the o↵-diagonal elements in the mass matrix have been neglected above,

which is justified for yv ⌧ |mT �mD|. The one-loop corrections can also be neglected for the

calculation of the mixing angles.

III. THERMAL RELIC DENSITY

As described above, we assume that the fermionic Higgs portal is responsible for ex-

plaining the entire dark matter density through thermal freeze-out in the early universe.

For the Majorana models (sections II B 0 b and IIC 0 c), the main channels for the pair

annihilation of the neutral DM candidates involve WW and ZZ final states. These processes

are mediated by one of the other fermion states in the t-channel, see Fig. 1, since the diagonal

Z�0
l �̄

0
l couplings vanish exactly. For the Majorana singlet-doublet model, annihilation via

s-channel Higgs-boson resonance is also a viable option for m0
l ⇡ mh/2. In this case, resonant

enhancement from the Higgs-boson propagator leads to a su�ciently large annihilation cross-

section to produce the correct relic density. The dominant annihilation final states are then

given by the leading Higgs decay modes, i. e. bb̄, WW ⇤, gg and ⌧+⌧�.

In contrast, for the Dirac singlet-doublet model, the DM annihilation mainly proceeds

through s-channel Z-boson exchange. Only at very large DM masses, m0
l ⇠ O(1 TeV), anni-

hilation intoWW and ZZ final states through t-channel fermion exchange becomes important.

In the singlet-doublet models (both for the Majorana and Dirac cases), the lightest neutral

fermion is constrained to be mostly singlet, to avoid the strong direct detection bounds for

doublet dark matter (see next section). However, the singlet nature of DM in these models also

suppresses the annihilation cross-section, thus typically yielding too large of a relic density.
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mCo-annihilation       ,         prevents over-abundance.

Exception: Higgs-resonance region for Majorana DM. 
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DARK FERMION SEARCHES AT COLLIDERS
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Relic density and direct detection:	

Small mass splittings             ,                  soft decay products.           m0

m �m0
l m+ �m0

l

Hard jet helps to trigger on soft-lepton events:

/ET > 300GeV

pT (j1) > 300GeV

pT (`) < 20GeV

LHC run II

Cross section too small for mono-jet searches at the LHC.

[Schwaller, Zurita, arXiv:1312.7350, et al.]
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SUMMARY DARK DIRAC FERMIONS

Need high-energy collider to test this model conclusively.
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SUMMARY DARK MAJORANA FERMIONS

Future direct detection experiments	

and/or high-energy collider can test this model.
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TAKE HOME
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- Mediators can be searched for in signatures	

  with soft leptons at the LHC. 

Higgs-portal fermion dark matter

- Future lepton and high-energy hadron colliders	

  are needed to test such models conclusively.
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- Direct detection experiments provide	

  complementary information. 


