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Introduction
• Charged Higgs boson is a must-be particle in most BSM hypotheses 


• Started to appear from the simplest extension of the SM Higgs 
scalar doublet


• Charged Higgs boson searches have been performed assuming 
various theories


• 2HDMs, Georgi-Machacek, 3HDMs, etc. 


• This talk summarizes recent searches & issues presented at the 
charged Higgs workshop held in Uppsala, and the HL/HE-LHC 
workshop  


• H+ is not one-and-only particle in the extended Higgs sector, here the 
discussions on other important processes skipped 
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H+ searches

•  
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Routine searches: H+→𝞽𝞶, cs, cb, tb 

and decay
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CMS 
onlyH+→cb @ 8 TeV
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• Dominant in type-Y of 2HDM 

• First measurement of this channel 

• Simultaneous fit on both 2b-tags 
(constrain tt) & ≥3b-tags (H+ sensitive) 
dijet mass distributions
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H+→tb @ 13 TeV
• Two OS leptons+≥3 jets (≥2 b-jets) || lepton+≥5 jets (≥3 b-jets) 

• Search in m(H+) 200—2000 GeV 

• Use multivariate techniques to separate S/B 

• Simultaneous fit to BDT output in SR & number of events in CR
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H+ searches beyond 2HDM
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H+→WZ @ 13 TeV
• WZ → 3leptons & two jets with large ∆𝞰 

• Constrained fit on MWZ, derived from lepton 
momenta and MET

Georgi-Machacek model interpretation �10

ATLAS

) [GeV]±

5
m(H

200 300 400 500 600 700 800 900

W
Z

jj)
 [

fb
]

→
jj 

± 5
H

→
(q

q
σ

0

200

400

600

800

1000

1200

1400
ATLAS Internal

-1= 13 TeV, 36.1 fbs

VBF Category

Observed 95% CL limit

Expected 95% CL limit

)σ1±Expected limit (

)σ2±Expected limit (

arXiv:1806.01532

200 300 400 500 600 700 800 900 1000

E
ve

n
ts

 /
 1

0
0

 G
e

V

1−10

1

10

210

310

410
Data 
WZ
fake/non-prompt

Vtt
ZZ
tZ+VVV
Post-fit uncertainty

450 GeV±

5VBF H

InternalATLAS
-1= 13 TeV, 36.1 fbs

VBF Signal Region

[GeV]WZm
200 300 400 500 600 700 800 900 1000

D
a

ta
 /

 S
M

1

2



 (GeV)±±Hm
200 300 400 500 600 700 800 900 1000

) (
fb

)
±

W±
 W

→ ±±
(H

B
) X

 
±±

(H
VB

F
σ

100

200

300

±W± W→ ±±VBF H

 Observed
 Median expected

σ 1± Expected 
σ 2± Expected 

 (13 TeV)-135.9 fb

CMS
Preliminary

 (GeV)±±Hm
200 300 400 500 600 700 800 900 1000

HS

0.2

0.4

0.6

0.8

1
±W± W→ ±±VBF H

 Observed
 Median expected

σ 1± Expected 
σ 2± Expected 

 > 0.1±±H / m±±HΓ 

 (13 TeV)-135.9 fb

CMS
Preliminary

H++→WW @ 13 TeV
• Two isolated same-sign 

leptons, pTmiss>40 GeV, two 
ak4 jets with large ∆𝞰 

• Simultaneous fits on mll & 
mjj and mjj in WZ control 
region for H+ signal 
extraction  

• Limits interpreted in the 
Georgi-Machacek model [GeV]jjm
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H++H- -→l+l+l-l- @ 13 TeV
• Consider doubly charged Higgs pair predicted from a left-right symmetric 

model with additional triplets 

• targets the lepton decays → set triplet vev to exclude H++→WW 

• 200≤ m(H±±) ≤1300 GeV 

• Fit on same charge pair distributions for nleptons ≥ 2, M=(m+++m- -)/2 for 
four leptons 
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“WANTED" charged Higgs 
From LHC-Higgs XS WG3

!13 By Jana Schaarschmidt



Production cross section of H+: 
Overview of the recommendation
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Doubly charged Higgs H++
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New Channel: H+→W𝞬
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Production of H+
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New Channel: H+→W𝞬
• Preliminary result by studying Delphes simulation sample 

• Backgrounds: W𝞬, tt𝞬, WW𝞬, WW𝞬𝞬, W𝞬𝞬, WZ𝞬 

• Analysis cuts: ≥1 lepton, ≥1 photon, ≤2 jets, 0 b-jets, MET, HT, pT(lepton+𝞬+MET), plep·q in 
fiducial region



New Channel: s-channel production
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MSSM: Higgs to SUSY
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Issues?
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H+ in the intermediate region

!21 by Marco Zaro

-SUSY models where the 125 GeV Higgs is the heavy H boson can have the charged Higgs in the 
intermediate-mass region (arXiv: 1608.00638)
-In some of these models the light Higgs can act as a mediator to DM (arXiv:1608.06945)



Xsec calculation for intermediate mass

!22 by Marco Zaro



!23ATLAS (CMS) excluded all tan𝛽 with m(H+)<160 (150) GeV in MSSM mhmod+ scenario  
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Low mass h→𝞬𝞬

!25 By L. Finco

CMS PAS HIG-17-013

Sven Heinemeyer said,
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Prospects of H+ in future 
colliders?



LHC to High Luminosity LHC

nominal luminosity: 
1E34cm-2s-1

<PU>≃40-50 <PU>≃140-200

!27 from L. RossiHE-LHC: √s = 27 TeV; L = 15 ab-1; for LHCb: 3 ab-1; 



Future Machines

•  
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HL-LHC

Run3Run2



!29 by K. Peters
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Backups
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H+→τν @ 13 TeV
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Use both 𝞽had & 𝞽lep events combining different final states 



H+→τν @ 13 TeV
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ATLAS
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H+→tb @ 8 TeV

• Combining the results obtained 
from three different final states  

• H+ signal is extracted based on 
the kinematic distributions of 
each channel
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CMS
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H+→WZ @ 13 TeV
• WZ → 3leptons & two jets with large ∆𝞰 

• Reconstruct transverse mass of WZ and 
extract the signal

Fri Jun 22 13:43:00 2018
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Georgi-Machacek model interpretation
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H++→WW @ 13 TeV
• Type-II seesaw comprising the scalar sector of a Y=2 

scalar triplet with SM scalar doublet 

• pp→H±±H∓∓→W±W±W∓W∓ for m(H±±) of 200—700 GeV 

• two SS leptons+two hadronic Ws (njets≥3) 

• three leptons+one hadronic W & fully leptonic Ws 

• Selection optimized for each signal using TMVA
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ATLAS
arXiv:1808.01899
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