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Questions Beyond the SM …… 

 19 free parameters : unexplained 
 Electroweak breaking mechanism  
    still mysterious ? 

    the Higgs boson is missing? 

 No unification of coupling constants 

 Does not describe gravitation 

    Significant at the Planck scale Λp (~1019 GeV)  

 Problem of hierarchy and naturalness 
 17 Orders of magnitude between Mw  et ΛP  
 radiative corrections   fine adjustment 
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 Neutrino mass  

o neutrino oscillations indicate a non-zero mass (although very small)  
   for neutrino 
o first direct indication of physics beyond the SM.  
  
   



Lagrangian and scalar potential V(H,∆) 

Scalar Lagrangian  

Scalar Potential  



Constraints in the HTM  

Unitarity & BFB  

Working out analytically these two sets of BFB and unitarity constraints, one 
can reduce them to a more compact system where the allowed ranges for  λ’s  
are easily identified. We find [1],  
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Overview to H─›γγ search 

  One goal of the LHC and ATLAS is the discovery of the Higgs boson.  
  H ―› γγ  is one of the most promising discovery channels for a SM Higgs  
     boson  in the region of low mass (114 < mH < 140 GeV).  



Decay into 2 photons in the HTM 
 
In the SM 
  

 
In the HTM 
  

 
Partial Width 
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Decay into 2 photons in the HTM 
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Decay into 2 photons in the HTM 
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Decay into 2 photons in the HTM 

 
In the SM-like regime of HTM,  the branching ratios of all Higgs decays 
channels are the same as in the SM, except for H─› γ γ  and  H─› γ Z , where  
they can significantly differ but remain very small compared to the other decay 
channels   
  
 
Besides the branching ratios of H─›γγ,  we will consider the observable [2]  :  
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which can be viewed as an estimate of the ratio of HTM to SM of the gluon 
fusion Higgs production cross section with a Higgs decaying into a photon pair. 
as an estimate of the ratio of DTHM to SM of the 
gluon fusion Higgs production cross section with a Higgs decaying into a 
photon pair  
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Decay into 2 photons in the HTM 
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Decay into 2 photons in the HTM 
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Diphoton channel : ATLAS 
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Diphoton channel : CMS 
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 HTM is motived by neutrino masses and involves only a few model 
parameters in the Higgs sector, rendering the  model relatively 
predictive.  

 The HTM potential is described by 7 parameters 

 We derive the full set of tree level unitarity and BFB constraints. 

 HTM is still survay and is not excluded by the experimental data. 

 We have studied the phenomenology of the HTM model by examining 
the diphoton channel decay, and it branching ratio taking into 
account the latest experimental limits and results. 

 Possibility that the  H° ─› h°h°  process take place for some regions 
in the space parameters. 
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