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WHAT EXPERIMENTAL DATA TELLS US - LHC AT 7, 8 & 13 TEV
EXCESSES / ANOMALY / FLUCTUATIONS OR CONSISTENCIES !! 

• Differential Higgs boson pT spectra: h -> di-photons (yy) and h -> ZZ* > 4l [arXiv: 1407.4222, 1408.3226, 1508.07819, 
CMS-PAS-HIG-14-028]

• Di-Higgs boson resonance searches: Limits on H -> hh in different final states with bb~\tau+\tau-, yyWW*, yybb~, 
bb~bb~ and multi-lepton [arXiv: 1509.04670, 1510.01181, 1410.2751, CMS-PAS-HIG-13-032]

• Top associated Higgs boson production - multi-leptons decay channels including measurements on h -> yy and h -> 
bb~ decay modes [arXiv: 1409.3122, 1506.05988, 1503.05066, 1408.1682]

• Limits on H -> WW and ZZ decays [arXiv: 1509.00389, 1507.05930, 1504.00936]

• Same flavour opposite-sign leptons, jets + missing energy (MET) : Z+j+MET [arXiv: 1503.03290, 1502.06031, ATLAS-
CONF-2015-082, CMS-PAS-SUS-15-011]

• H± production in association with top (t) and bottom (b)-quarks and decays to tb, considering mH± > mt, excess 
observed in wide mass range (200-600 GeV) using multi-jet final states with one electron or muon [arXiv: 1512.03704] 



RECENT DI-PHOTON EXCESS 
~750 GEV RESONANCE IN RUN 

2 ATLAS AND CMS 13 TEV 
RESULTS



PHENOMENOLOGY : EXPLAIN EXPERIMENTAL DATA !

[arXiv: 1506.00612]



Effective theory approach: introducing a heavy 
scalar H and a scalar dark matter candidate X  

Best Fit results: mH = 272+12-9 GeV
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Explaining large branching                     
                 by Introducing ’S’ - a real singlet scalar.

arXiV: 1603.01208,1606.01674

In result: particle spectrum will be              and 
with other SM fermions, bosons.

H ! h��

h,H,� S



A minimal extension to the SM
CP even real bosons 
CP odd boson  
Charged Higgs boson 

The Two Higgs Doublet Model:

Now to add, X and S !!

Generalised 

h,H

A
H±



which satisfy

Mass-Matrix, mixing, diagonalisation

In our case

For phenomenology, we considered  



Production modes

A List of Searches: 



Constrain from Run I LHC data on 2HDM-Type I (II) :
cos (� � ↵) . 0.5(0.2),mH . 380(⇡ 380), tan� . 2(all)

A/H/h ! ⌧⌧, H ! WW/ZZ,A ! ZH(ll⌧⌧)

These constraints have been made by considering the decay channels 
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• RGE calculations with these 
new states

• RUN -II LHC ….
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Thank you very much!
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