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Discovery of new boson 

 

[arXiv:1207.7214 [hep-ex]].  [arXiv:1207.7235 [hep-ex]] 



Discovery of new boson 

• The analysis by CMS and ATLAS using the 
combined 7 & 8 TeV data indicates 
observation of a signal for a boson with 
mass around 125 GeV 

 

• It can be a spin zero particle that is a 
remnant of spontaneous symmetry 
breaking which gives mass to gauge 
bosons , quarks and leptons.  

   (Brout, Englert, Higgs, Guralnik, Hagen, Kibble, ‘64) 



Discovery of new boson 

• Masic number : 125 GeV        maximized 

 

 

 

•                                  Enables us to 

                                   probe various 

                                   decay modes 
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Discovery of new boson 

• What is the underlying physics for the new 
boson ? 

    - Standard Model 

    -  Supersymmetric standard model 

    -  Two Higgs Doublet models 

    -  Composite Higgs… etc. 

 

• To definitely answer to this question, we 
need more data 



(Zeppenfeld, SUSY12) 



What we observed  
at the LCH 



Main channels for SM Higgs observation 



• Interestingly, CMS and ATLAS have observed 
an excess in the signal strength for di-photon 
channel  
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Summary of measured channels 

 



Motivation on this work 

• Motivated by the discovery of new boson and 
hint for new physics beyond the SM, we  
investigate if 2HDM can be compatible with 
the data obtained by CMS & ATLAS 

 

• We perform the global fit to the data and 
show if there exists parameter space of 2HDM 
leading to better fit than the SM. 



Why 2HDM ? 

• Various models such as MSSM, DSB, Little 
Higgs etc. have specific  (extended) Higgs 
sector, so extended Higgs sector is window to 
new physics. 

 

• It is natural to examine experimental results 
appeared to be deviated from the SM within 
the context of 2HDM. 

 



Two Higgs Doublet Models 

• There are two complex doublets for the Higgs 

 

 

 

• There are five physical scalars : 
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• Since the SM Higgs is 

 

 

      becomes identical with 

 

 

• To suppress FCNC at the leading order, one 
can impose a discrete symmetry such that one 
fermion couples with only one Higgs doublet.   

           four types of 2 HDM ( I, II, X, Y)   
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decoupling limit 



• We parameterize the Yukawa interactions  





Experimental Constraints 

0007.00002.0  SMobs 

New contributions to Dr in 2HDM 

An interesting condition for small Dr :  
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Experimental Constraints 



Parameterizing observed Higgs Signal 



• Non-negligible # of Higgs events from ggF pass 
the diject tag. 

• The dijet-tagged gluon fusion is about 38% of 
the tagged VBF in the SM (S.Chatrchyan et al.PLB710,403) 

 

 

 

 

• Here eggF and eVBF are the efficiencies of the 
gluon fusion and the VBF, respectively, to pass 
the VBF selection cuts. 

 



 

• Based on            ,  we perform global c2 fit 
of model parameters to the observed Higgs 
signal strength, 



Summary of the LHC Higgs Signals 

 



Single particle scenarios (Scenario-1 & 2) 



• Approximately,  





Degenerate scenario 

• Effective Lagrangian 



• Relevant Higgs event rates : 



Numerical Results 







Scenario-1 

• Effective couplings : 

 

• Best-fit points for scenario-1 in 4 types of 2HDM 





• Effective couplings and the Higgs signal rates R’s 
at    the best-fit points in type II-1 



Scenario-2 

• Effective couplings : 

 

• Best-fit points for scenario-2 in 4 types of 2HDM 



LEP constraints 

(Barate et al.[LEP working group]’03, 
Schael et al., ‘06) 



 

Allowed by LEP  
Higgs search 



Scenario-3 



Summary 


