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Motivation
• Search for additional Higgs bosons

• Additional Higgs doublet

• Two Higgs doublet

• MSSM

• Higgs triplet

• Outline

• MSSM searches

• Double Higgs

• Charged Higgs

• Lepton flavor violating Higgs

• Invisible Higgs

• Heavy Higgs

Se
p

te
m

b
er

 1
, 2

0
1

6
D

ev
in

 T
ay

lo
r

2



MSSM Run-1 Summary
• Parameterize search as a function of

• mA: mass of the pseudoscalar Higgs

• tan β: ratio of VEV of the two Higgs doublets
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CMS-PAS-HIG-16-007

http://cds.cern.ch/record/2142432?ln=en


h/H/A → ττ
• Here φ = h/H/A

• Binned maximum likelihood fit using 
the transverse mass of the ditau
candidate
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CMS-PAS-HIG-16-006

ggφ bbφ

Dominant at 
low/medium tan β

Dominant at 
high tan β

https://cds.cern.ch/record/2160252/


H → ZA → llbb

• Most 
sensitive at 
low tan β

Se
p

te
m

b
er

 1
, 2

0
1

6
D

ev
in

 T
ay

lo
r

5

CMS-PAS-HIG-16-010

Search tan β in 
range [0.5,1.5] 

mH = 500 GeV

https://cds.cern.ch/record/2140613/


Double Higgs
• Several analyses exploring 

the production of hh

• hh → bb bb

• hh → bb WW

• hh → bb ττ

• hh → bb γγ

• Multiple interpretations

• Resonant production

• Spin-0

• Spin-2

• Non-resonant production
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34%

25%

7.3%

0.26%

CMS-PAS-HIG-16-002

CMS-PAS-HIG-16-026

CMS-PAS-HIG-16-011

CMS-PAS-HIG-16-024

CMS-PAS-HIG-16-028

CMS-PAS-HIG-16-029

CMS-PAS-HIG-16-032

https://cds.cern.ch/record/2141024
https://cds.cern.ch/record/2209572
https://cds.cern.ch/record/2141743
https://cds.cern.ch/record/2205782
https://cds.cern.ch/record/2204934
https://cds.cern.ch/record/2204936
http://cds.cern.ch/record/2207960?ln=en


Resonant Double Higgs
• Fix invariant mass window of mh

to match SM Higgs
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Spin-0

Spin-0

Spin-2

Spin-0

bb ττ

bb WW

bb WW

bb bb

bb γγ

bb bb: largest 
branching fraction 

bb ττ: 12.9/fb

bb γγ: high signal 
to background 
rejection and good 
mass resolution

bb WW: new 
at 13 TeV



Non-resonant Double Higgs
• Non-resonant: Set limits on the ratio of 

anomalous trilinear coupling to the SM 
trilinear coupling

• 𝑘λ = λℎℎℎ/λℎℎℎ
𝑆𝑀

• SM = 33.45 fb
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bb ττ

bb VV

bb VVbb γγ

bb bb

7.9 fb = ~90xSM

508 fb = ~200xSM

166.7 fb = ~410xSM
3880 fb = ~370xSM



Run-1 Charged Higgs
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CMS-HIG-14-023

CMS-PAS-HIG-16-030

H+ → cb

mH < mt - mb

mH > mt - mb

https://cds.cern.ch/record/2048090
https://cds.cern.ch/record/2209237


H+ → WZ
• H+ decays predicted at tree level in 

Higgs triplet models

• Georgi-Machacek

• Leptonic WZ

• VBS topology

• High dijet mass
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CMS-PAS-HIG-16-027

http://cds.cern.ch/record/2204919?ln=en


Doubly Charged Higgs
• Addition of a Higgs triplet

• One neutral, two singly charged, two 
doubly charged Higgs
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CMS-PAS-HIG-14-039

https://cds.cern.ch/record/2127498


LFV H → μτ
• Lepton flavor violating decays arise 

naturally in models with multiple Higgs 
doublets

• Two final states: eμ, μτh

• Search performed in multiple jet bins
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CMS-PAS-HIG-16-005

http://cds.cern.ch/record/2159682?ln=en


Higgs Invisible
• SM BR(H → inv.) ~1.2e-3

• H → 4ν
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CMS-PAS-HIG-16-016

VBF

VH

ggH

Combination of several 
analyses in 7, 8, and 13 TeV

• Dedicated VBF trigger
• Large η separation
• High dijet invariant mass

https://cds.cern.ch/record/2201136


High Mass H → WW
• Leptonic decays of WW

• Categorize based on 
number of jets

• 0, 1 jet ggH

• 2 jet VBF
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CMS-PAS-HIG-16-023

0 jet 1 jet

VBF

• Limits reported with several 
assumptions on Higgs width 
(narrow width shown)
• ggH + VBF cross section

https://cds.cern.ch/record/2205151


High Mass H → ZZ
• Search for high mass scalar resonance 

in ZZ 4l final state

• Production is allowed to be ggH, VH, 
VBF

• Relative fraction of VBF parameterized 
via fVBF and allowed to float Se
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CMS-PAS-HIG-16-033

fVBF = 1

https://cds.cern.ch/record/2204926


Conclusion
• Many interesting BSM searches performed at CMS

• Multitude of final states

• Wide range of models and phase spaces tested

• 13 TeV: 2.3 – 12.9/fb

• Better reach than 7/8 TeV in many scenarios

• Much more data coming
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BACKUP
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Run-1 2HDM Type I
• 2HDM Type I
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CMS-PAS-HIG-16-007

http://cds.cern.ch/record/2142432?ln=en


Run-1 2HDM Type II
• 2HDM Type II
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CMS-PAS-HIG-16-007

http://cds.cern.ch/record/2142432?ln=en


Run-1 MSSM h/H/A → ττ
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CMS-HIG-13-021

https://cds.cern.ch/record/1749925


Low mass pseudoscalar
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H → ZA → llbb
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CMS-PAS-HIG-16-010

mH = 300 GeV

mH = 800 GeVmH = 500 GeV

https://cds.cern.ch/record/2140613/


H → hh Summary
• Summary plots for double Higgs searches
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Systematics – (Non-)Resonant hh
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bb bb bb γγ



Systematics – (Non-)Resonant hh
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bb ττ

bb WW



Systematics – H+ → WZ
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Run-1 LFV H → μτ
• Best fit 0.84% BR(H → μτ)

• 2.4σ excess
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CMS-HIG-14-005

https://cds.cern.ch/record/1994783


Run-1 LFV H → eτ, eμ
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CMS-HIG-14-040

https://cds.cern.ch/record/2198724


Systematics – LFV H → μτ
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Systematics – LFV H → μτ



Syst. – Higgs Invisible
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VBF Zll

Vjj
ggH



Higgs-like Scalar
• VBF and VH searches 

using invisible decays
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CMS-PAS-HIG-16-009

CMS-PAS-EXO-16-038

https://cds.cern.ch/record/2142460
https://cds.cern.ch/record/2205763


High Mass H → bb
• Search for heavy resonance in bb final 

state

• Spin-0 and spin-2

• Binned maximum likelihood fit in the 
mbb distribution
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CMS-PAS-HIG-16-025

https://cds.cern.ch/record/2204928

