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ÅSM extensions with singlet scalar or fermion fields are simplest 

model for DM.

Å In the WIMP scenario, DM candidate can produce required relic 

density which is measured by PLANCK satellite. It is shown that 

allowed region for parameters space of  singlet scalar and 

fermionicDM are strictly limited by relic density constraints.

ÅThe one of  simplest candidate for DM is SU(2)L scalar triplet 

field. The lightest component of  triplet field is neutral and 

provides suitable candidate for DM.
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ÅThe Inert Triplet model (ITM) is an extension of  the SM that can 

provide DM particle. In this model, apart from the SM Higgs 

doublet, we add a SU(2)L triplet scalar  with Y = 0 or Y = 2.

Å In addition,  we impose Z2 symmetry condition under which the 

triplet is odd and all the SM fields are even. The Z2 symmetry is 

not spontaneously broken since the triplet does not develop a 

vacuum expectation value. The triplet for Y = 0 can be 

parameterized as:
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ÅThe relevant scalar potential which is allowed by Z2 symmetry 

can be written as:

ÅThe triplet masses can be written by two parametersl3 andM:

Å At tree level, as it is seenin the aboverelation, all the componentsof T
own the samemass,but at loop level the chargedcomponentsareslightly
heavierthan T0.
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Note that the Z2 symmetryensuresthe stabilityof the lightestcomponentto act asa
coldDM candidate.



Å In Y = 2 case,theT0r or T0i areplayingtheroleof DM particle.

Due to gaugecouplingof Z to T0r,i the DM-nucleoncross

sectionis 10̂ 38 cm2 and much larger than upper limits by

XENON100 experiment. This excludesall the regions of

parameterspacefor thiscase.
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WIMP Direct Detection

DM can interact with nucleon by exchanging Higgs boson. The spin 

independent cross section of  DM-nucleon is given by

8

Thereareseveralexperimentsto detectDM particles

directly through the elasticDM-nucleonscattering.

Thestrict boundson the DM-nucleoncrosssection

obtainedfrom XENON100andLUX experiments.

Theminimumupperlimits on thespinindependent

crosssectionare:
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ÅRelic Density 
In context of  ITM, in mass regimes lower than 7 TeV, relic density conditions are 

satisfied.  Since direct detection constraints are weak for large masses (mDM > 

1TeV) henceforward, we assume mDM < 1 TeV and evaluate other experimental 

constraints on parameters space for low mass DM.  [arXiv:1102.4906]

Å Electroweak precision

It is shown that contribution of  ITM on oblique parameters S and T is 

negligibly small.[arXiv:1102.4906]

Experimental Constraints on Inert Triplet Dark Matter 
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The most constraining observable for ITM parameters is the Z 

boson decay width. The Z boson decay width was measured to 

be: 

ÅSince                         is suppressed for                     ,  we assume 

that

10

Z boson decay width 

From Higgs to Dark Matter



Any components of  triplet scalar lighter than SM higgsboson can 

contribute to the invisible decay mode of  higgsboson.

Where

ÅTotal width of  higgsboson in SM is  4.15 MeV and the partial width for 

hĄ 2T0  is given by:
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Invisible Higgs decays
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InvisibleHiggsdecaysprovidechancefor exploringpossibleDM-Higgsboson

coupling. Nevertheless,invisibleHiggsbosondecaysarenot sensitiveto DM

couplingwhenmT0 > mh/ 2.



The SM prediction for branching ratio of  the Higgs boson decaying to invisible 

particles is :

Recently,ATLAS Collaborationhasperformeda searchof the SM higgsboson

in its invisibledecaymodeand obtainedan upperlimit of 75%, at a massof

125.5 GeVfor Br(hĄ Invisible).
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Å ITM also contribute to partial width of   hĄggThe partial decay rate for this 

process has not been measured at the LHC but the ratio of  the diphotonrate 

of  the observed Higgs to the SM prediction have been measured recently by 

CMS and ATLAS collaborations:

Å The diphotoncross section normalized to SM prediction has been defined in 

the ITM as follow:
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Rggconstraints on dark matter



We have used the fact that cross section of  Higgs production in ITM is similar to SM. 

In ITM, for mZ/2 < mT0 < mh/2, there are two sources of  deviation from R = 

1.

ÅFirst is partial decay rate (h Ągg) caused by charged scalar in loop 

level.

ÅSecond ispossible decayh ĄT0T0 and h Ą T+T+ which 

contribute to total decay rate of  Higgs boson in ITM.
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Since invisible higgsdecay is forbidden kinematicallyfor mD > mh/2, we study 

Br(h Ą Invisible) separately in Fig. 1-a.  We suppose mZ/2 < mT0 < mh/2 and

show valid area in mass of  DM and l3 coupling plane which is consistent

with experimental upper limit on Br(hĄInvisible).



Å Note that allowed region of  Br(h ĄInvisible)  and direct detection 

experiments are very similar for mZ/2 < mT0 < mh/2.

Å As it is seen, for mZ/2 < mT0 < mh/2 allowed region is not much different 

from other measurements.
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The decay rate for hĄZgcan be expressed by:

ATLAS and CMS collaborations have presented a search for the SM Higgs 

boson in the decay channel hĄZg. Sensitivity of  these measurements are far 

from SM prediction. For a Higgs boson mass of  125 GeV, the observed 

exclusion limits are between 7.3 and 22 times of  the Standard Model prediction.
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Rzgconstraints on ITM dark matter
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We pursue our analysis on ITM phenomenology by calculating the h ĄZg

decay.
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As it is seen, for 45.1 < mDM< 62:5, due to dependency of Rzgto h Ą2T0, 
destructive effect of ITM to Rzgcan be large. As a result, if forthcoming 
observed exclusion limit is in the range of SM prediction, ITM parameters can 
be constrained by this measurement. 



Annihilation of  Dark Matter into monochromatic photons

We calculate possible annihilation of  DM candidate in ITM into 2gand Zg

The amplitude for 2T0-Ą2gcan be written down as follows:
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Indirect Search



The cross section is given by:

The amplitude for 2T0Ą Zgcan be expressed as follows:
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FermiLATcollaborationhasmeasuredflux for diffusegammaraybackgroundand

gamma-rayspectrallinesfrom 7 to 300GeVobtainedfrom 3.7 yearsdata.

The thermal average cross section is expressed by:
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Å We have investigated an extension of  SM which includes a SU(2)_L triplet 

scalar with hypercharge Y=0,2. 

1. We have shown that the effect of  ITM on invisible Higgs decay  and  Rgg

for low mass DM<63 GeV can be as large as constraints from LUX direct 

detection  experiment . 

2. We calculate the annihilation cross section of  DM candidate into ggand Zg. 

The minimum upper limit on annihilation cross-section from FermiLAT

have been employed to constraint parameters space of  ITM. We also showed 

for 52<mDM<63 GeV,  FermiLATconstraint is stronger than direct 

detection constraint for low mass DM.
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