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Outline
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}Phenomenologyof extendedscalar-sectormodels

}Alreadydiscussedin detailduringthis workshop

}Few exampleswhereH / A Ÿ VV /  Vh / hh are relevant

}RecentCMS searchresultsat 13 TeV

}H Ÿ ZZ Ÿ 4l / 2l2q / 2l2n

}A Ÿ ZhŸ 2l2b / 2n2b 

}H Ÿ hhŸ 2b2g/ 4b / 2b2l2n/ 2b2t

}Disclaimer: there are manyother CMS searchestargeting
the samefinalstates

}However, theynormallyaddressvery high-mass (> 1 TeV) 
narrow resonancesĄ hadronicfinalstatesbecomethe most
sensitive thanksto the use of large-area jets

}Not relevantfor BSM Higgs, thereforenot reported here



hMSSM
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} In remainingphasespace, HVV suppression
somehowlifted (decouplingdelayedat
largerMA, weakertanbsuppression)
} H Ÿ VV and A Ÿ Zh can havestill significant

branching ratios, while total widthsstay 
relativelysmall comparedto experimental
resolutions

MA = 500 GeV, tanb= 3

BR(H Ÿ VV) 2.6%

G(H) (GeV) 2.04

Co

Combined

Run1 CMS 

direct searches

(CMS-PAS-HIG-

16-007)

Constraintsfrom Run2 

h(125) couplingmodifiers

(CMS-PAS-HIG-17-031)

https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCHXSWGMSSMNeutral



Other extended scalar -sector models
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}2HDM:

}Sensitivity/ exclusiondependingon 
specificphenomenology

}Exampleof benchmark planes Ą

}Some parameterchoicesenhancing
importanceof bosonicdecays

}Example: FermiophobicheavyH

}Scalar singlet:

}VV and hh heavy-Higgsdecays
dominantin both realand complex
SM extensions

D. Lòpez-Val et al., arXiv:1610.07922, etc.

T. Robensand T. Stefaniak, Eur. Phys. J C76 (2016) 268

R. Costa et al., JHEP 06 (2016) 034, etc.

F. Kling, J.M. No and S. Su, JHEP 09 (2016) 093, etc.



Experimental analyses
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}RecentCMS searchresultsat 13 TeV

}H Ÿ ZZ Ÿ 4l / 2l2q / 2l2n

}A Ÿ ZhŸ 2l2b / 2n2b 

}H Ÿ hhŸ 2b2g

} Ÿ 4b 

} Ÿ 2b2l2n

} Ÿ 2b2t

} Combined

CMS collaboration, JHEP 06 (2018) 127

CMS collaboration, CMS-PAS-HIG-18-005

CMS collaboration, arXiv: 1806.00408, submitted to Phys.Lett.B

CMS collaboration, JHEP 08 (2018) 152

CMS collaboration, JHEP 01 (2018) 054

CMS collaboration, Phys.Lett.B778 (2018) 101

CMS collaboration, CMS-PAS-HIG-17-030



H Ÿ ZZ
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Analysis method
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}Combinedsearchfor a heavyresonanceto ZZ in the 4l / 2l2q / 
2l2n finalstates

}Model-independentsearch, in a wide rangeof masses(m in 
[mL, 3 TeV]) and widths(G/m in [0, 30%]), where:

}mL = 160 GeVfor 4l

}mL = 300 GeVfor 2l2n

}mL = 550 GeVfor 2l2q

}Cross-sectionlimits obtainedfrom 2D likelihoodfunction:

}mZZ : reconstructedZZ mass (transversemass for 2l2n)

}Dbkg: discriminantbasedon fermionkinematicsfrom the ZZ decays
(not usedfor 2l2n, with undetectedneutrinos)  

i = signal/background components

k = analysischannels/categories



BSM signal model (I)
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}Assumedproduction from either ggF, or VBF, or both with a 
free cross-sectionfraction(fVBF)

}Resonancekinematics(pT spectrum) from POWHEG

}mZZ modeling:

}Only efficiency(e) and resolution(R ) from                                                  
detector simulationĄ model not
dependenton signalwidth choice

} In case of significantresonancewidth,                                           
interferencewith SM h(125) + continuum                                                    
in the relative production mode fully
takeninto account

Ã Achievedthroughthe MELA package, whichuses
amplitudesfrom MCFMand JHUGenMC tools

Large effectof H-h interference

becauseof ZZ offshelltail



BSM signal model (II)
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}Dbkg modeling:

}Also achievedthroughthe MELA 

package

}Ratio of weightedprobabilitiesbuilt: 

Ã from signaland (dominant) background 

amplitudes

Ã usinginformation from    

production/decayanglesand di-fermion

invariantmasses



Event selection : 4l and 2l2 n
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}4l
} 4 e or m, at least2 with high pT, 

identificationcuts

} 3 analysiscategories:

}With 2 VBF-taggingjets

}With reducedelectron selection

}All the rest («untagged»)

}2l2n
} 2 e or m+ large missingpT

} b-tag(3rd lepton) vetoesto reject tt
(WZ)

} Transversemass usedasanalysis
variable(no Dbkg)

} 3 categories: 0, 1 jets, VBF-tagged



Event selection : 2l2q  
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}2 separate analysescoveringregions
with large/small pT of hadronicZ

} «Resolved»: two anti-kT jets (R = 0.4) 
detected

} «Merged»: a single CA jet (R = 0.8) 
containingall Z-decayproducts

}Similarlepton/jet selection.For 
mergedevents:

} Selectionon large-jet «pruned» mass 
(after removingsoft/collinear
components) and «subjettiness»

} MELA built usingsub-jet directions

}3 analysiscategories: VBF-tagged, 
taggedasZ Ÿ bb, untagged


