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Motivation: BSM Higgs searches

Observed Standard model Higgs boson at a mass of 125 GeV may not be the only one in 
nature.

Extended Higgs sector is strongly motivated  (Hierarchy problem, neutrino 
oscillation, baryon asymmetry, nature of dark matter/energy)

Additional Higgs bosons are predicted by BSM theories :  2HDM, NMSSM 

Neutral Higgs (h/H/A) and charged Higgs bosons (H±/H±± ).

Many searches for BSM higgs at LHC with full Run-II dataset with a wide mass range.
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Some latest BSM Higgs searches at CMS

 Heavy neutral Higgs boson searches:

 Decays to observed SM Higgs boson and another higgs boson:
 H → h(125)h → bbττ [CMS-PAS-HIG-20-014]

 Charged Higgs boson searches:
  
  Single charged Higgs boson :  HH±±  → cs  [→ cs  [CMS Phy.Rev.D 102 072001CMS Phy.Rev.D 102 072001]]
  
    Single and double charged Higgs bosons:

    H± →W±Z and H±± →W±W±      [CMS arxiv:2104.04762] 

http://cds.cern.ch/record/2758271/files/HIG-20-014-pas.pdf
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.102.072001
https://arxiv.org/pdf/2104.04762.pdf
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Heavy neutral Higgs boson:H → h(125)h
s
 → bbττ

 m
hs  

< m
H 
- m

h
 

First BSM search for a heavy neutral Higgs boson 
decaying to a standard model Higgs boson and a 
neutral Higgs boson.
Analysed full Run-II data sample : 137 fb-1

For τ pairing: eτ
h
,μτ

h
,τ

h
τ
h 
final states.

1 or 2 b-jets are considered.

  

Event categorisation and signal extraction is 
based on Neural Network (NN) based multi 
classification.

5 event categories by choosing M
H
 = 500 GeV and 

100 < m
hs 
< 150 GeV

Event selection :

Event Classification :

    [NN output for μτ
h
 signal]

 [CMS-PAS-HIG-20-014]

http://cds.cern.ch/record/2758271
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Heavy neutral Higgs boson : H → h(125)h
s
 → bbττ (Cont.)   

Search range explored : 
M
H
 : 240 – 3000 GeV, m

hs
 : 60 – 2800 GeV    

No signal has been observed.
95% confidence level upper limit 
on σ x BR:
125 fb at m

H
 = 240 GeV

2.7 fb at m
H
 = 3000 GeV

          Interpretation in NMSSM

Exclusion on the maximally allowed ranges for
σ x BR (H → h(tt)h

s
 (bb)) :

Constrained for masses of m
H 
~
 
400 – 620 

GeV and m
hs 
~ 60 - 250 GeV
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Single charged Higgs boson : H± → cs  
First Search at LHC performed in the process of 
top quark pair Production. 
t →→ HH± ± b, t → bwb, t → bw

Event selection:Event selection:
Final state contains: 
charged lepton + MET (p

T

miss) + at least 4 jets

2 bjets, one c jet and one light-flavor jet

Search sensitivity is enhanced by choosing one 
bjet tagged to charm quarks. 

Muon (electron) with p
T
 > 26 (30) GeV and |η| < 2.4 (2.5).

Muon isolation < 0.15.
Electron isolation < 0.08 (0.07) barrel(endcap) region.

For jets: p
T

Jet  > 25 GeV, ηjet < 2.4. 

For MET: p
T

miss > 20 GeV.
  

  
  

  [CMS Phy.Rev.D 102 072001]

https://journals.aps.org/prd/pdf/10.1103/PhysRevD.102.072001


PASCOS - 2021 7

Single charged Higgs boson : H± → cs (cont.)  

No significant excess beyond standard model predictions is found.
Exclusion limit at 95% confidence level on B (t →→ HH+ + bb ) :
Assumption:  B (HH+ + → cs→ cs  ) =  100%
Charged Higgs boson mass (m

H
) explored: 80 – 160 GeV

Muon + jets : 2.44%–0.32%
Electron + jets : 2.77%–0.26%
Combination (lepton + jets): 1.68%–0.25% 

Results:
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Single and double charged Higgs boson :  H± → W±Z, H±± → W±W±  

Charged Higgs boson production process : 
Vector Boson Fusion (VBF)
Decay products : Vector bosons (WZ and W±W± )
Model interpretation:  Georgi–Machacek model

Full Run-II data sample : 137 fb-1

Search performed in leptonic decay modes:
W±Z → l±νl’±l’±, W±W± → l±νl’±ν  (l,l’ = e,μ )

Event Selection requirements: 

  [CMS arxiv:2104.04762]

https://arxiv.org/pdf/2104.04762.pdf
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Single and double charged Higgs boson :  H± → W±Z, H±± → W±W±  

Diboson transverse 
mass:

Discrimant between resonant signal and 
non-resonant background processes:

Final discriminant : Bins in [m
jj
x m

T

VV]

A two dimensional distribution for W±W± signal 
regions (SR) :
8 bins in m

T

VV  

[0, 250, 350, 450, 550, 650, 850,1050,∞] GeV
4 bins in m

jj

[500, 800, 1200, 1800,∞] GeV 

A 2D discriminant for WZ SR :
7 bins in m

T

VV  

[0, 325, 450, 550, 650, 850, 1350,∞] GeV
2 bins in m

jj

[500, 1500,∞] GeV

4 bins for Control Regions (CR) in m
jj

[00, 800, 1200, 1800,∞] GeV 
 

[Distributions for signal, 
backgrounds, and data for the 
bins used in the 
simultaneousfit.]
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Single and double charged Higgs boson :  H± → W±Z, H±± → W±W±  

Results:

No significant excess beyond standard model predictions is found.
Charged Higgs boson mass (m

H
) explored: 200 – 3000 GeV

Exclusion limits at 95% confidence level on σ
VBF
x B(H±±) (H±± → → W±W±) and

 σ
VBF
x B(H±) (H± → → W±z) is shown.

The observed limit excludes GM s
H
 values greater than 0.20 – 0.35 for the m

H5
 

(= H±, H±±) range from 200 - 1500 GeV
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                                          Summary

Extended Higgs sectors in the BSM theories are well motivated to give additional 
Higgs bosons.

Presented some of the latest BSM Higgs searches using Run-II data at CMS. 

More results will be available soon !!

                                   Thank You !!!!
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                                          Back up
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Single charged Higgs boson : H± → cs  (cont.)  

[Expected event yields for different signal mass scenarios and backgrounds in 
each of the channels and event categories.The number of events is shown along 
with its uncertainty, including statistical and systematic effects. The yields of 
the backgroundprocesses are obtained after a background-only fit to the data.]
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