
ExtraHiggssearches

Junquan Tao 

(Institute of High Energy Physics, CAS)

on behalf of the ATLAS and CMScollaborations

1



üAlthough the Higgs boson discovered at LHC so for is compatible with the SM Higgs 

boson, there is still room for extensions of the Standard Model

üMany interesting BSM models can provide a Higgs boson that is compatible with the 

LHC observed Higgs boson, and can predict extra Higgs bosons or (pseudo-)scalars

üDiscovery of additional Higgs would be an unequivocal sign of new physics

üLHC is currently the most powerful discovery machine - Hope to find hints of BSM

Introduction

V Two Higgs Doublet Models (2HDM) is the simplest extension of the SM Higgs sector 
Å 5 physical states : 2 CP-even (h, H), 1 CP-odd (a), 2 charged (H°)

V Next-to-minimal supersymmetric model (NMSSM) is a particular case of 2HDM+S Type 2
Å 7 physical states : 3 CP-even (hi), 2 CP-odd (ai), 2 charged (h°)

V Georgi-Machacek(GM) model

Å 2 singlet(h, H), 3 triplet(H3
0, H3

°) and 5 fiveplet(H5
0, H5

°, H5
°°) mass eigenstates

V Other extensions e.g. left- right symmetric models (LRSMs), Three Higgs Doublet Model (3HDM), é.
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Neutral H, A

Charged H+/- and H++

CMS-PAS-HIG-20-002 :   light HŸgg ATLAS-CONF-2023-035 :   light HŸgg

CMS JHEP 07 (2023) 073:  fŸtt ATLAS Phys. Rev. Lett. 125 (2020) 051801: A/HŸtt

CMS-PAS-EXO-21-018 : V‰/tt‰Ÿ ll ATLAS_HDBS-2020-12:  AŸ mm

ATLAS JHEP 07 (2023) 203 : ttH/AŸ 4top 

CMS-PAS-TOP-22-010:  A/H Ÿ tqľ 

ATLAS JHEP 07 (2023) 234: light-by-light scattering    CMS-PAS-EXO-21-007: light-by-light scattering

ATLAS JHEP 07 (2023) 200 : Heavy H Ÿ WW Ÿ same-sign di-lepton

ATLAS JHEP 06 (2021) 145:  H+Ÿtb

CMS arXiv:2207.01046 : H Ÿ H(200)W  Ÿ (tt) (ǎɜ /qq): 

ATLAS Eur. Phys. J C 83 (2023) 605 : H++Ÿ multi-lepton

ATLAS Phys. Rev. D 105 (2022) 012006 : H(125) Ÿ aa Ÿbbmumu

CMS-PAS-HIG-22-007 : H Ÿ aa Ÿ ɛɛbb/††bb 

CMS JHEP07(2023)148: H Ÿ aa Ÿ 4‎resolved

CMS arxiv:2209.06197: H Ÿ AA Ÿ 4‎merged

CMS-PAS-HIG-22-003 : HĄZaĄll + gg

ATLAS-CONF-2021-052 : XŸHHŸbb‎‎/ bbtt/4b

ATLAS Phys. Rev. D 106 (2022) 052001 : XŸHHŸbb‎‎
CMS-PAS-HIG-21-005 : X Ÿ HH Ÿ bbWW

CMS-PAS-HIG-21-011: X Ÿ HH/YH Ÿ bb‎‎
ATLAS-CONF-2023-031 : X Ÿ SH 

Many other list can be found in
ATLAS Publication List
CMS Publication List

Light pseudo-scalar 

HŸaa

HŸZa

X Ÿ HH Searches

X Ÿ HY Searches

üAt the LHC, large group of extra Higgs searches being covered with full Run-2

ATLAS-CONF-2023-034 :  A Ÿ ZH 

Ÿ ǎǎtt and ɜɜbb

Search for Extra Higgs at LHC

ü Selected results will be presented

Extra Higgs can be H/h/‰/a/ 
A/X/Y/é in following slides
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Some results are also included in Robert 
Heavy resonances to bosons

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-20-002/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-035/
https://link.springer.com/article/10.1007/JHEP07(2023)073
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.051801
http://cds.cern.ch/record/2815307
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2020-12/
https://link.springer.com/article/10.1007/JHEP07(2023)203
http://cds.cern.ch/record/2868011?ln=en
https://link.springer.com/article/10.1007/JHEP07(2023)234
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-21-007/index.html
https://link.springer.com/article/10.1007/JHEP07(2023)200
https://link.springer.com/article/10.1007/JHEP06(2021)145
https://arxiv.org/abs/2207.01046
https://link.springer.com/article/10.1140/epjc/s10052-023-11578-9
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.012006
http://cds.cern.ch/record/2853298?ln=en
https://link.springer.com/article/10.1007/JHEP07(2023)148
https://arxiv.org/abs/2209.06197
http://cds.cern.ch/record/2853524?ln=en
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-052/
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.106.052001
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-21-005/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-21-011/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-031/
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/Publications
https://cms-results.web.cern.ch/cms-results/public-results/publications/Run2/index.html
http://cds.cern.ch/record/2862023
https://indico.cern.ch/event/1184945/contributions/5430104/


Low mass (<125 GeV) SM-like HĄgg
ü Search for narrow signal peak over smoothly-falling background (direct gg, g+ 

jet, jet+jet processes) except for relic Z Ÿ ee

ü Two isolated photons with high energy and high mggprecision (1-2%)

PLB 793 (2019) 320 347 

Previous CMS result at 8+13 TeV
(2012+2016): local (global) нΦуˋ 
όмΦоˋύ Ϫ фрΦо GeV
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PLB 565 (2003) 61-75

LEP mH= 98 GeV

(ZH, HŸbb/tt)

https://www.sciencedirect.com/science/article/pii/S0370269319302904
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-20-002/index.html
https://www.sciencedirect.com/science/article/pii/S0370269303006142?via%3Dihub


Updated searchfor low mass SM-like HĄgg
ü Updated strategy for relic DY suppression

ü Optimized photon ID MVA and diphoton BDT 
trainings in low mass phase space, to reject bkg

ü 2016 data reanalyzed with improved calibration

CMS 132/fb @ 13 TeV:
2.9slocal (1.3sglobal) @ mgg=95.4 GeV

ü Multivariate techniques for rejecting electrons

ü Kinematic classification of events: diphoton BDT 
Classifier

ü Improved background modeling uncertainties

The excess did not 
grow with luminosity, 
but remains intriguing

ATLAS 140/fb @ 13 TeV:
1.7̀ @ 95.4 GeV

ATLAS-CONF-2023-035

CMS-PAS-HIG-20-002
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-035/
https://cds.cern.ch/record/2852907


Neutral Higgs boson with fĄtt

üProduction of neutral Higgs 

bosons fvia gluon fusion 

(gg )z or in association 

with b quarks

ü Search performed in four 

ttfinal states : em, eth, mth, 

and thth

The ttfinal state has a leading role in the 
searches for additional neutral Higgs boson: 
identified with higher purity than b; well 
estimated ttbkg ; typically larger BR

3.1„(2.7„) local (global)@ 100 GeV
2.8„(2.2„) local (global)@ 1.2 TeV

JHEP07(2023)073

Not seen in bbfproduction
6

https://link.springer.com/article/10.1007/JHEP07(2023)073


ü Searched performed in the mass region 0.2- 2.5 TeV,  with at least one th
üNo significant excess over the expected SM backgrounds is found

Neutral Higgs boson with fĄtt

ggF b-associated
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Phys. Rev. Lett. 125 (2020) 051801

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.051801


Search for fĄll

ü 24 ‰signal scenarios for 

production mode, coupling, and 

decay are probed independently

ü Signal is extracted based on 

mll
min (mll

max) for low (high) 

mass search

ü No significant deviation from 
the SM expectations in any of the 
probed mass distributions

Highest excess: 2.9̀(1.4̀ ) local (global) @ 156 GeV in Z‰(Ҧee) 

Z‰(Ҧee) 

First direct search for ‰decays 
into all lepton flavors, with ‰
produced in association with a 
massive vector boson or ttbar

tt‰(Ҧmm) 

CMS-PAS-EXO-21-018

8

http://cds.cern.ch/record/2815307


ttfĄmm

üOnly one top quark decays to an electron or muon is 
considered:  a signature with three leptons Ὡ‘‘and ‘‘‘

ü Mass distributions of the two ὥ- muons is used to extract the 
signal in the mass region 12 77 GeV

ü No significant excess observed

arXiv:2304.14247

2.9̀ (1.4̀ ) local (global) @ 27 GeV
The slight excess at άὥ= 27 GeV is observed in both channels
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https://arxiv.org/abs/2304.14247


arXiv:2302.11739

ü Experimental signature: single-lepton, 

Ó 4 jets, Ó 3 b-jets

ü Mass parametrized NN to separate sig 
from large SM bkg

Dominant tt+jets
background: HT-based 
weighting of MC in CRs. 

Simultaneous fit of 
nine signal and 
control regions 

Search for a light H+Ҧcb in top-quark decays 

Charged Higgs boson H+Ÿ cb

predictions 
from the 3HDM

95% CL upper limits on

0.15-0.42% (0.09-0.25%) 
obs. (exp.)

3.0̀ (2.5̀ ) 
local (global) 
@ 130 GeV
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https://arxiv.org/abs/2302.11739


arXiv:2207.0104

H mass: 300ï700 GeV

üAssociated production of charged 

Higgs with hadronic top quark 

ü DNN was trained for resolved top 

tagging: Loose WP used

Charged Higgs boson H Ÿ HW

Search for the first 
time at the LHC

üNo significant deviation 

is observed 

üUpper limits range from 

0.085-0.019 pb for H

mass of 300-700 GeV
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http://arxiv.org/abs/2207.01046


Pair production of H Ÿ multi-lepton
Eur. Phys. J C 83 (2023) 605

ü Focuses on same-charge leptonic decays,  in 2l/3l/4l (l=e/m) channels

ü No significant excess found

ü Lower limit on m(H ) : 1080 GeV for the left-right symmetric type-II 

seesaw and 900 GeV for the ZeeïBabu model

12

https://link.springer.com/article/10.1140/epjc/s10052-023-11578-9


LFV XĄem

arXiv:2305.18106

Additional Higgs bosons with mass 
below 2mW in the lepton-flavor violating 
decay channels is important to 
constrain the Type-III 2HDM model

ü First direct search at the LHC

üSignal topology : opposite-sign empair; 

possible additional jets (no b-jets)

üEvents are split into production modes, 

then into categories based on the output 

of BDTs

ü Signal is extracted from bkg using a 

parametric fit to the memdistribution

ggH VBF

3.8̀ (2.8̀ ) local (global) @ 146 GeV 13

https://arxiv.org/abs/2305.18106v1


üExotic Higgs boson decays to new lighter states are 

allowed by the current measurements 

ü Probing a light pseudoscalar in the mass range 15 -

62.5 GeV ( ma<mH/2) .

ü Pseudoscalar-fermion couplings are inherited via 

mixing with the SM Higgs 
- bb, tt, mmdecay modes dominate at low masses 

(experimental handles) 

Search for light pseudo-scalar in HŸaa

Signal model includes ggF(~48 pb) 
and the VBF (~3.9 pb) contributions 

üH Ÿ aa Ÿ ɛɛbb/††bb 

V Two complementary decay modes are 

targeted, leading to 5 final distinct 

detector signatures: mmbb, tetmbb, 

tmthbb, tethbb, ththbb

V High mmmass resolution; larger BR in 

large parts of parameter space 

ü Other results:  4m, 4t, 4getc 14



HŸaaŸbbmm

Phys. Rev. D 105 (2022) 012006 

ü Even categorization based on the b tagging 

working points (TL, TM, TT) : also included are 

dedicated VBF and low pT category 

Require 2ɛ 2b with the di-ɛ mass similar to the di-b mass and 4 body mass close to the Higgs mass 

ü BDT classifiers are trained to distinguish sig from bkg

ü Signal region: BDT mva>0.2 and maīX<mɛɛ<ma+X

with X =1 GeV (1.5 GeV) for ma Ò 45 GeV (> 45 GeV)

3.3̀ (1.7̀ ) local (global) @ 52 GeV

CMS-PAS-HIG-22-007 
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.012006
http://cds.cern.ch/record/2853298?ln=en


HŸaaŸbbtt

ü Analysis categorization is based on lepton flavors and 

number of b jets

-tetmb, tmthb, tethb

-tetmbb, tmthbb, tethbb (full signal reconstruction) 

ü A DNN is used to define multiple categories in each 

category, to optimize the sensitivity 

CMS-PAS-HIG-22-007 

mth,1b mth , >1b

ü A binned maximum likelihood fit is performed 

on the di-tmass

- resolution improved by the SVfit algorithm

ü No excess is found 
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http://cds.cern.ch/record/2853298?ln=en


HŸaaŸgggg

First CMS search in this channel 

CMS-PAS-HIG-21-003

arXiv:2208.01469

Resolved
ü Four well-isolated photons in the 

final state

ü A dedicated primary vertex (PV) 

BDT is trained, to select PV with 

highest BDT score

ü To improve the sensitivity, a 4-gevent 

classifier is trained to separate sig 

from bkg: a single category 

optimized based on BDT output, for 

each ma

ü mggggdistribution is used to extract 

signal

ü 95% CL upper limitsHB(H Ÿ aa Ÿ 

gggg): 0.26-0.80 (0.24-1.0) fb

observed (exp.)

Boosted
üTwo collimated greconstructed as single G: 110 < mGG< 140GeV

üDeep-learning used to reconstruct mGof collimated di-g

üUpper limits on the branching fractionB(HŪ AAŪ 4g) of (0.9-
3.3) 10ʩ3 at 95% CL

CMS upper limit of B(HĄgg)

CMS-PAS-21-016, 
arXiv:2209.06197

No excess observed 
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https://arxiv.org/abs/2208.01469
https://arxiv.org/abs/2209.06197


Summary of Ŭ limit
üUpper limit on BR(HŸaa) depend on the 2HDM Types and model parameters

CMS public Higgs 2HDMS Summary Plot
18

https://twiki.cern.ch/twiki/bin/view/CMSPublic/Summary2HDMSRun2


CMS-PAS-HIG-22-003

üTwo photon resolved case with maÍ[1, 30] GeV

ü Trained an event BDT for event categorization to improve the sensitivity

ü Use llgginvariant mass (90- 180GeV) spectrum to extract signal in data

HĄZaĄll + gg

ü 95% CL upper limits on ů(ppŸH)×B(HŸZaŸǎǎgg) : 

4.7-17.8 (6.9-17.9) fb observed (expected)

First LHC result in Ŭ Ŭggfinal state

local 
(global) at m a=3GeV
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http://cds.cern.ch/record/2853524?ln=en


Multi-Higgs resonance: X Ÿ HH/HY

üMain HH decay modes experimentally accessible: 

V HHŸ4b: largest branching ratio, challenging due to high b-jet 

multiplicity and QCD background 

V HHŸ2b2 : sizeable branching ratio, lower QCD background 

V HHŸ2b2Ὓ: rare process however clean signature due to 

photons 

HH branching ratios 

üPublic Higgs pair searches with full Run 2 data
- bbbb (ATLAS, CMS), bbWW (CMS)

- bbtt( ATLAS), bbgg(ATLAS, CMS)

- WWWW, WWtt, tttt(CMS)

üMany BSM theories predict the existence of a 

heavy scalar boson decaying into two Higgs 

bosons or Higgs boson plus additional scalar in 

the extended Higgs sector
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Phys. Rev. D 105 (2022) 092002 

Resolved

X Ҧ HH Ҧ bbbb

Boosted 
2b

üTwo channels, resolved and boosted channels 

targeting Higgs boson decays:  pairs of small-radius 

(DR=0.4) jets or as individual large-radius (DR=1.0) jets

üResolved channel with mX= 251GeV-1.5TeV 
V 4b signal region (based on the H candidate 

masses)

V 2b category for bkg estimate

V A BDT to pair jets from Higgs (65-100% eff)

ü Boosted channel with mX= 900GeV-3TeV
V At least two large-R jets with pT>250 GeV

V b-tag using variable-radius sub-jets constructed 

from their associated tracks 
V 3 event categories: - tagged track- jets 

2 b- tagged track-
jets associated with one H and1 b- tagged track- jet 

- tagged track-
jet associated with each H

ü Fit mHH spectrum to search for a resonant bump

2.3ů(0.4ů) 

local (global) @ 

mX = 1.1 TeV

Spin-0
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.092002


ü Semi-boosted analysis: at least one 

of the pairs is highly Lorentz-boosted 

and is reconstructed as a single large-

area jet

ü Semi-resolved and fully-merged

event categories

ü Data was found to be consistent 

with the measured SM processes

ü Upper limit: 9.74-0.29 fb for the 

radion for the mass range 1ï3 TeV

X Ҧ HH Ҧ bbbb
CMS-B2G-20-004 

Spin-0

Mass hypothesis for 1000 < mX < 3000 GeV 
22

https://cds.cern.ch/record/2777083


X Ҧ HH Ҧ bbtt
JHEP 07 (2023) 040

üEvent categorization : Ⱳ▐╪▀Ⱳ▐╪▀and ⱲlepⱲ▐╪▀(e/‘& opp. 

charged †) LST (Single Lepton Trigger) and LTT
Lepton+Tau Trigger 

üParameterized Neural Network (PNNs) used to construct a 

discriminant, which is then fitted 
-- NN is parameterized on mX for optimal performance across the 

whole range 

Ⱳ▐╪▀Ⱳ▐╪▀ ⱲlepⱲ▐╪▀SLT
üUpper limit on ů(ppŸXŸHH) : 21ï900 

fb (12ï840 fb) obs.(exp.) depending on 

mX

3.1ů(2.0ů) local (global) 

@ mX = 1 TeV
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https://link.springer.com/article/10.1140/epjc/s10052-021-09472-3


Phys. Rev. D 106 (2022) 052001 

üDi-photon triggers used to allow to probe 

low mX values

ü Single BDT for all signal hypotheses 

(mass dependent cut), 2 BDTs to separate 

signal vs continuum and single Higgs

backgrounds, scores combined in BDTtot

ü BDT is trained for six different mass 

ranges, based on boost factor mX /(mH + 

mX): 

ü Obs. (exp.) upper limit on ů(ppŸXŸHH) 

are in the range of 640ï44 fb (391ï46 fb) 

for 251GeVÒmX Ò 1000GeV

mX=300 GeV mX=500 GeV

X Ҧ HH Ҧ bb‎‎
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https://journals.aps.org/prd/pdf/10.1103/PhysRevD.106.052001


X Ҧ HH/YH Ҧ bb‎‎

üBDT (NN) scores to separate signals 

and non-resonant (resonant) 

backgrounds

üSix BDT training accounts for different 

signal mX-mY mass ranges 

Å 3 event classes based on BDT output

ü A parametric fit in the (m‎‎, mjj) plane 

is performed for signal extraction for 

each category 

ü Upper limits on s(X Ÿ HH/YH)

ü Results are interpreted for the next-

to-minimal supersymmetric standard 

model (NMSSM) and the two-real-

scalar-singlet model (TRSM)

3.8ů(2.8ů) local 

(global) for mX = 650 

GeV and mY = 90 GeV

CMS-PAS-HIG-21-011
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X Ҧ HH Ҧ bb‎‎

X Ҧ YH Ҧ bb‎‎

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-21-011/index.html


Resonant Higgs pair searches

ATLAS-CONF-2021-052
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95% confidence level upper limits on ů(X ŸHH) for a spin-0 resonance

CMS-PhysicsResultsB2G 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-052/
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G#Summary_of_public_Di_Boson_resul


ATLAS-CONF-2021-052

ATLAS HH
~1 TeV

CMS-PAS-HIG-20-002

Ŭgg
2.9s@
95.4GeV CMS fĄtt

3.1„@ 100 GeV
2.8„@ 1.2 TeV

JHEP07(2023)073

CMS LFV XĄem

arXiv:2305.18106

3.8̀ @ 
146 GeV

2.9̀ @
27 GeV

arXiv:2304.14247

ATLAS ttfĄmm

ATLAS 

H+Ÿ cb 3.0̀ @ 
130 GeV

arXiv:2302.11739

3.3̀ @ 
52 GeV

Phys. Rev. D 105 (2022) 012006 

ATLAS 

HŸaaŸbbmm

3.8ůfor mX = 650 

GeV and mY = 90 GeV

CMS X Ҧ YH Ҧ bb‎‎

CMS-PAS-HIG-21-011

CMS HĄZaĄll + gg

CMS-PAS-HIG-22-003

@ 3GeV

Summary

27

üSelected LHC latest results 

of searches for additional 

Higgs boson using full 

Run2 data are presented 

üNo direct evidence of 

new physics yet, but 

several mild excesses

üMore data is needed to 

conclude on the nature of 

these excesses

üRun3 is expect to collect 

1.5 times data than 

Run2 é stay tuned!

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-052/
https://cds.cern.ch/record/2852907
https://link.springer.com/article/10.1007/JHEP07(2023)073
https://arxiv.org/abs/2305.18106v1
https://arxiv.org/abs/2304.14247
https://arxiv.org/abs/2302.11739
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.012006
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-21-011/index.html
http://cds.cern.ch/record/2853524?ln=en


Thanks for your attention!
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Backup slides
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Åfor the 11 event classes :                                                    
c2 compatibility 
probability: 68%

Åfor the 3 years                                  
c2compatibility 
probability:  6%                                       

HIG- 17- 013

CMS low mass HĄgg m 

fixing mH = 95.4 GeV

30

CMS-PAS-HIG-20-002

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-17-013/CMS-PAS-HIG-17-013_Figure-aux_013.png
https://cds.cern.ch/record/2852907


CMS-PAS-HIG-20-002 ATLAS-CONF-2023-035
arXiv:2306.03889

corresponding to an excess 
of 3.2ˋ at 95.4 GeV

June 6, 2023

LHC LM HĄgg
Extension of the 
2HDM by a 
complex singlet 
(S2HDM)

1.7 „@ 95.4 GeV

2.9„@ 
95.4 GeV

Also employing BDT classifier
31

https://cds.cern.ch/record/2852907
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-035/
https://arxiv.org/abs/2306.03889


Models: Summary

FromThomas Biekötter
ŀǘ ǘƘŜ άCollider Cross 

Talk at CERNέ 

List of some theoretical 
interpretations 

Green: 2HDM(+X)
Blue: Susy 
Red: Extra charged fields

32

https://indico.cern.ch/event/1297350/


H/A Ÿ tq

¶

¶

q = u,c

CMS PAS TOP-22-010 

üSearch for the existence of two new couplings, rtu and rtc

ü Possible explanations for the electroweak baryogenesis and muon anomalous 

magnetic moment in the g2HDM model with new Yukawa couplings 

ü3 same-sign dilepton 
categories: e e , mm, em

üA BDT discriminant to 
separate signal and 
background processes 

üNo significant excess over the 
expected SM background

üFirst measurement including 
HςA interference and using 
charm tagging at the LHC
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-22-010/index.html


CMS+TOTEM Precision 
Proton Spectrometer (PPS)
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ü To probe 4gAnomalous Quartic Gauge Coupling 

(aQGC) and search for a (pseudo-)scalar Axion-

like particle (ALP) 

ü Very clean signature: photon has nonzero 

contribution in proton PDF, and are back-to-back 

in azimuth with a large mgg(>350 GeV)

ü No excess is observed

ü Limits at 95% CL on the 4gaQGC parameters

for |ɕ1| < 7.3×10ī14GeVī4, |ɕ2| < 1.5 ×
10ī13GeVī4using an effective field theory: 

strongest upper limit on the anomalous 4gcoupling 
cross section

ü UL on the coupling strength of ALP to 

photons (f-1) : 0.03ï1 TeV-1 in the mass range of 

500 to 2000 GeV

4gAGGC or 
an s- channel 

scalar (ALP)

Strongest limits on ALP 
production in this search range

Exploiting light-by-light scattering

CMS- PAS- EXO- 21- 007

D8 operators
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-21-007/index.html


Exploiting light-by-light scattering

ü Since axion-like particles interact with photons, exploit possibility of light-by-light scattering in proton 
collisions to obtain very clean signature. (Photon has nonzero contribution in proton PDF!) 

ü Use ATLAS Forward Proton (AFP) spectrometer to tag scattered protons, detect photons in the ATLAS 
calorimeter

ü Investigate di-photon invariant mass spectrum, no significant signal observed. Limits set between 150-
1400 GeV 
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JHEP 07 (2023) 234

https://link.springer.com/article/10.1007/JHEP07(2023)234


Search for charged Higgs 
CMS HIG-20-017
Eur. Phys. J. C 81 (2021) 723 

ü VBF production of charged Higgs:H5(H+, H++)

ü Leptonic decays of VV and VBS selection

ü Interpretation using Georgi-Machacek model with additional triplets 

Most stringent limits on production 
of GM charged Higgsesto date 36

https://link.springer.com/article/10.1140/epjc/s10052-021-09472-3

