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However an extended Higgs sectoris strongly motivated (Hierarchy 
problem, baryon asymmetry, dark matter/energy... )

So far 125 GeV Higgs boson is consistent with SMpredictions

Many BSM theories, such as 2HDMand NMSSM, predict 
modified and extended Higgs sectors with additional Higgs

Motivations : additional Higgs?

Lots of searches for additional Higgs Bosons(h/H/a/H°/H°°) have 
been performed at LHC with Run2 dataset, in a wide mass range

°°
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üHeavy neutral Higgs boson  searches

ü Light neutral Higgs boson searches

üCharged Higgs boson searches 

Some latest results of additional Higgssearch at LHC

VExotic decays of Higgs Bosonto light Higgs boson pairs: IҦaaҦ bb˃˃ (ATLAS-CONF-2021-009)

V Decays to SM Higgs boson pairs: H Ҧ ƘόмнрύƘόмнрύ Ҧ ōōgg(ATLAS-CONF-2021-016)
V Decays to Higgs boson and another scalar: H Ҧ ƘόмнрύƘ Ҧ ōōˍ(̱CMS-HIG-20-014) 

AҦ ZH  (ATLAS, Eur. Phys. J. C81(2021)5, 396)

V Decays to fermions: H°Ҧ tb (ATLAS arXiv:2102.10076), H°Ҧ cs (CMS Phys. Rev. D 102, 072001) 
V Decays to vector bosons (H°Ҧ ²°Z and H°°Ҧ ²°W°):  ATLASarXiv:2101.11961

in VBF production mode: CMSarXiv:2104.04762

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-009/
https://cds.cern.ch/record/2759683
http://cds.cern.ch/record/2758271
https://link.springer.com/article/10.1140/epjc/s10052-021-09117-5
https://arxiv.org/abs/2102.10076
Phys. Rev. D 102, 072001
https://arxiv.org/abs/2101.11961
https://arxiv.org/abs/2104.04762
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Heavy neutral Higgs boson : HҦƘόмнрύƘόмнрύҦōōgg
ATLAS-CONF-2021-016

üResonant : focuses on probing the existence of 
a narrow-width scalar particle

üTwo BDTs are trained to better separate the 
signal from ggbkgand single H bkg

ü Combined BDT score is used to select events
ü mggused for signal extraction
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610ς47 fb obs. (360ς43 fb exp.) 
for 251 GeV < mX <1000 GeV

(=H)

=h(125)

=h(125)

mH = 300 GeV

https://cds.cern.ch/record/2759683


J. Tao (IHEP/CAS), LHCP2021, 7-12 June 2021

Heavy neutral Higgs boson : HҦh(125)ƘҦbbˍˍ
SM Higgs bosonüFirst such search with a heavy Higgs boson H decaying 

into an h(125) and another neutral Higgs boson hS

üSelections targeting ̱h ẖ, e̱ h, ˃ ẖ

üRequire 1 or 2 b-jets after ID

üA neural network (NN) multi-classification is used for 
event categorization and also extracting the signal

DNN output for m̱h signal

mH = 500 GeV

CMS-HIG-20-014
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Heavy neutral Higgs boson : HҦh(125)ƘҦbbˍ(̱cont.) 

NMSSMinterpretation 

Exclusion on the maximally allowed 
ranges for s³B(HҦh(tt )hS(bb))
Åconstrained for masses of mH~400-620 

GeV and mhs~60-250 GeV

Upper limits from 125 fb (mH = 
240 GeV) to 2.7 fb (mH = 3TeV)

CMS-HIG-20-014
mH= 240-3000 GeV and mhs= 60-2800 GeV

http://cds.cern.ch/record/2758271


7

Heavy neutral Higgs boson : AҦ ZH 
ü llbb and llWW (WWҦпǉ) final states
ü Exactly oppositely charged 2mor 2e
ü To improve mllbb/m2l4j ( = mA) mass resolution, 

mbb/ m4j is constrained to agree with the 
assumed mH

ü llbb : 3 categories according to production 
modes and Nb (ggFNb=2, bbANb=2/җ о)
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ggF

bbA

ggF, Nb=2 bbA, Nbҗ о

Obs. upper limits Interpretation in 2HDM

Eur. Phys. J. C81(2021)5, 396

https://link.springer.com/article/10.1140/epjc/s10052-021-09117-5
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Heavy neutral Higgs boson : AҦ ZH (cont.) 
üllWW: dominant background Z+jets(~90%)

üThis search explicitly demonstrates its potential to constrain 
2HDM parameters away from the weak decoupling limit

mH = 200 GeV

Eur. Phys. J. C81(2021)5, 396

Obs. upper limits

Interpretation in 2HDM, for various tanb

https://link.springer.com/article/10.1140/epjc/s10052-021-09117-5


ATLAS-CONF-2021-009

Light neutral Higgs boson :H ­ aa­ bbmm
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üDimu (PT>27/5 GeV or 15/15 GeV) + two b-tagged 
jets (PT>20 GeV) +MET<60 GeV (to reduce t Ӷὸ)

üA BDTis employed to reduce SM bkg(mainly t Ӷὸ+DY)

üA kinematic likelihood fit by shifting b-jet energies 
within the resolution (mmmºmbb constraint), is 
performed to improve mmmbb resolution  

üLargest excess is observed 
at m˃=˃52 GeVwith local 
(global) sig. of оΦоˋ(мΦтˋύ

üLimit on B(H­ aa­bbmm) 
is improved by a factor of 
2-5 wrt 2016 results, with 
~2 from larger dataset and 
~2 from BDT B~(0.22-4)³10-4 (obs.)

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-009/
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Singly Charged Higgs : H°Ҧ tb and H°Ҧ cs

Obs. 3.6 pb at 200 GeV to 35 fb at 2 TeV
Improved by 5% to 70% wrt 2016 results

Some values of tanb,0.5ς2.1, 
excluded mὌ°200-1200 GeV

H°Ҧ cs
(CMS Phys. Rev. D 102, 072001) 

H°Ҧ tb
(ATLAS arXiv:2102.10076) 

ü Produced in the process of top quark 
pair production, with one t­H°b

ü Final state : 1lep. + MET + ²4jets (2b jets)

ü 1 jet satisfies a charm tagging selection

1.68%ς0.25% excluded 
between mὌ°80 and 160 GeV

ü1e/m+jets events are categorized according to Njet

and Nὦ-jet : 5j(3b), 5j(²4b), ²6j(3b) and ²6j (²4b)
üA Neural Network is used to discriminate between 

sig and bkgevents 
ü Bkgdominated by t Ӷὸ(from MC but corrected in 

data control regions)

Phys. Rev. D 102, 072001
https://arxiv.org/abs/2102.10076
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Charged Higgs : H°°Ҧ ²°W°, H°Ҧ ²°Z

üDoubly and singly charged Higgs bosons 
are predicted in type II seesaw model 

üThree final states: two same-charge 
leptons, three leptons, and four leptons

ATLASarXiv:2101.11961

Ὄ¤¤ pair production Ὄ¤ and H¤¤

associated production

15 fb - 5 fb 40 fb - 10 fb

Event yields
Pair production Associated production

Exclude H°°up to 350 GeV Exclude H°°up to 230 GeV

https://arxiv.org/abs/2101.11961
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Charged Higgs : H°Ҧ ²°Z, H°°Ҧ ²°W°(CMS)
CMSarXiv:2104.04762

üSingly and doubly charged Higgs bosons 
investigated in a context of GeorgiςMachacek
model : produced in vector boson fusion 
processesand decaying into vector bosons

üSearch in fully leptonic decays : 2 or 3electrons 
or muons, plus MET(>30 GeV) and 2 jets with a 
large rapidity separation (>2.5) and a large dijet
mass (>500 GeV)

üA 2D distribution (mT
VV, mjj) is used as final 

discriminant

Distributions for signal, backgrounds, and data for the (mjj³mT
VV) 

bins used in the simultaneous fit

Å W°W°SR with 8 bins in mT
VV ([0, 250, 350, 450, 550, 650, 

850,1050, ¤] GeV) and 4 bins in mjj([500, 800, 1200, 1800, ¤] GeV)
Å WZ SR with 7 bins in mT

VV([0, 325, 450, 550, 650, 850, 1350,¤] 
GeV) and 2 bins in mjj([500, 1500, ¤] GeV)

J. Tao (IHEP/CAS), LHCP2021, 7-12 June 2021

https://arxiv.org/abs/2104.04762
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Charged Higgs : H°Ҧ ²°Z, H°°Ҧ ²°W°(CMS cont.)

Exclude GM sH values greater 
than 0.20ς0.35 for the H5 mass 
200 -1500 GeV

GM:  H°, H°°=H5,  sH
2= fraction of mW

2

and mZ
2 generated by the triplet vev's

H°Ҧ ²°ZH°°Ҧ²°W°

CMSarXiv:2104.04762mH= 200-3000 GeV

https://arxiv.org/abs/2104.04762
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Summary

ü Rich additional Higgs searches at ATLAS and CMS 
ÅHeavy neutral Higgs boson
ÅLight neutral Higgs boson
ÅSingly and doubly charged Higgs boson

üPresented some of LHC Run-2 results
ÅNo deviations from SM predictions observed so far
ÅBetter object identification, optimization of 

analyses, including better background modelling, 
and new techniques led to improvement beyond 
the gain from luminosity 

üMore results will be available - stay tuned!

Summary plots from the ATLAS

Summary plots from the CMS

Will be updated forEPS

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CombinedSummaryPlots/HDBS/
https://twiki.cern.ch/twiki/bin/view/CMSPublic/SummaryResultsHIG


Thanks for your attention˻
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Backup



J. Tao (IHEP/CAS), LHCP2021, 7-12 June 2021
17

Exotic Higgs boson decays to aa 

(2HDM+S type-II tanɓ=2 scenario)
Exotic Higgs boson decays to aa 

(2HDM+S type-II tanɓ=5 scenario)

hMSSM constraints via direct 

searches for heavy Higgs bosons

hMSSM constraints via direct 

searches for charged Higgs 

bosons

Summary plots from the ATLAS

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CombinedSummaryPlots/HDBS/
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Summary plots from the CMS

Observed and expected 95% CL 
upper limits for mAversus the 
MSSM parameter tan̡in the 
hMSSM benchmark scenario

Observed and expected 95% CL 
upper limits for mAversus the 
MSSM parameter tan̡in the Mh

125

benchmark scenario

Observed and expected 95% CL upper limits on 
the product of cross section and the branching 
fraction ̀ (ggҦX)¦B(XҦHH) obtained by 
different analyses assuming spin-0 hypothesis

https://twiki.cern.ch/twiki/bin/view/CMSPublic/SummaryResultsHIG
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Heavy neutral Higgs boson : A/HҦ ̱ˍ
üMost sensitive channel in many scenarios
ü ḻep ẖad and ̱ haḏ had decay channels are considered
üSelected events are categorized as b-tag category (>=1 b-jet) 

and b-veto category (no b jets)
üSignificantlyincreasing the sensitivity and explored mass 

range compared to previous searches

ü tŀƴʲ Ҕу and ǘŀƴʲ Ҕнм are 
excluded at 95% CL for 
mA=1.0 and 1.5TeV, 
respectively

PRL 125 (2020) 051801

f=A/H J. Tao (IHEP/CAS), LHCP2021, 7-12 June 2021

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.051801
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Heavy neutral Higgs boson : AҦ ZH(125) 
Eur. Phys. J. C81(2021)5, 396

A Ҧ ZH Ҧ llbb selections A Ҧ ZH Ҧ llWWselections
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https://link.springer.com/article/10.1140/epjc/s10052-021-09117-5
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Light neutral Higgs boson :H ­ aa­ bbmm

üA kinematic likelihood (KL) fit exploiting 
the ma symmetry of H­aadecays is 
performed to improve the four-object 
invariant mass (mbbmm) resolution and 
reduce the SM backgrounds.

üThe output of the fit is the logarithm of 
the maximum likelihood value, ln(Lmax), 
that quantifies how compatible the event 
is with the mmm= mbb hypothesis, 
characteristic of signal events.

üThe four-object invariant mass 
recomputed after the KL fit is denoted as 
mKL

bbmm. 


