
Search for new massive scalars at CMS
LHCP2024 (3-7 Jun 2024)

S. Konstantinou1

on behalf of the CMS Collaboration

Rutgers University1

04 June 2024

https://www.rutgers.edu
http://cern.ch
https://indico.cern.ch/event/1253590/


Introduction 1/161/16

Searches for heavy scalars are motivated by many BSM models including theories
with extended Higgs sectors
▶ Minimal extension: two-Higgs-doublet models (2HDMs) MSSM

▶ Introduce an adddional Higgs doublet
▶ Predict 5 Higgs bosons: CP-even h0, H0, CP-odd A, H±

▶ Next-to-minimal extensions: 2HDM+Singlet, Higgs triplet, ...

CMS is broadening the searches for new scalars
▶ New signals, modern techniques, ...
▶ Results are interpreted in the context of BSM models

This talk summarizes some of the latest CMS searches with Run II data:

X± → W ±γ CMS-PAS-EXO-21-017
X→ ϕϕ → 4γ arXiv:2405.00834
A → Z(ℓℓ)H(tt) CMS-PAS-B2G-23-006
H± → H0W, ℓτh(τh) JHEP09(2023)032
Wϕ, Zϕ, ttϕ (Xϕ), multilepton arXiv:2402.11098

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-21-017/index.html
https://arxiv.org/pdf/2405.00834
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-23-006/index.html
https://link.springer.com/article/10.1007/JHEP09(2023)032
https://arxiv.org/abs/2402.11098


X ± → W ±γ CMS-PAS-EXO-21-017 2/162/16

W ±γ signatures in final states with ℓ, γ, pmiss
T

▶ Search for bump in data mT
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Background: From data, with analytic functions

Main bkg: V γ, V /γ+jets, tt
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X ± → W ±γ CMS-PAS-EXO-21-017 3/163/16

Leptonic W ±γ
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▶ Combination with CMS hadronic results
▶ Excess at 1.58 TeV not confirmed

Hadronic - PLB 826(2022) 136888
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Combination - narrow signal
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Leptonic W ±γ
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▶ Combination with CMS hadronic results
▶ Excess at 1.58 TeV not confirmed
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X→ ϕϕ → 4γ arXiv:2405.00834 5/165/16

Extended Higgs sectors with X, ϕ scalars
▶ X → ϕϕ kinematically allowed for mϕ < 2mbb/cc

▶ Highly boosted ϕ for mX >> mϕ - merged diphotons
X

𝜙

𝜙

𝛾

𝛾

𝛾

𝛾

Merged diphoton (Γ = γγ) reconstruction
▶ Convolutional neural network (CNN)

using clusters from ECAL

ECAL cluster image recognition

▶ Classification: “γγ”, “γ”, “hadron”
▶ Regression: m/E of the γγ clusters
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X→ ϕϕ → 4γ arXiv:2405.00834 6/166/16

Extended Higgs sectors with X, ϕ scalars
▶ X → ϕϕ kinematically allowed for mϕ < 2mbb/cc

▶ Highly boosted ϕ for mX >> mϕ - merged diphotons
X
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Analysis strategy
▶ Two Γ clusters (CNNγγ)
▶ Search for excess in data MΓΓ

▶ Data binned in slices of αreco = m̂Γ/MΓΓ

Background estimation
▶ Fit of falling MΓΓ in data

Fit of background + signal to data
▶ Largest Excess at mX = 720 GeV,

mϕ/mX = 7% (mϕ ≈ 5 GeV): 3.57σ

local/ 1.07σ global significance
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A → Z(ℓℓ)H(tt) CMS-PAS-B2G-23-006 7/167/16

Search for signatures with Z → ℓℓ and fully hadronic tt
▶ Event categorization based on ℓ flavor, njet , nbjet , mℓℓ
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T
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T )

CMS Preliminary
138 fb-1 (13 TeV)

pT(Z) (GeV)

m
 (G

eV
)

Δ

CMS Simulation Preliminary

pZ
T

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-23-006/index.html


A → Z(ℓℓ)H(tt) CMS-PAS-B2G-23-006 8/168/16

Search for signatures with Z → ℓℓ and fully hadronic tt
▶ Event categorization based on ℓ flavor, njet , nbjet , mℓℓ
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A → Z(ℓℓ)H(tt) CMS-PAS-B2G-23-006 9/169/16

Simultaneous fit of signal and background

Model-independent observed limits
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▶ No significant signal excess observed
▶ Results do not confirm the excess

reported by ATLAS @
(mA, mH) ≈ (650, 450) GeV

Interpretation in type-II 2HDM

= 25%

▶ Exclusion region vs tan β

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-23-006/index.html


H± → H0W, ℓτh(τh) JHEP09(2023)032 10/1610/16

Search for H± → H0W in ditau final states: eτh, µτh, eτhτh, µτhτh

ℓτh: Large BR
▶ 1 ℓ + 1 τh (SS or OS)
▶ ≥ 3 jets (≥ 1 b jet)
▶ large pmiss

T

▶ Resolved t candidates:
custom MVA (t res)

ℓτhτh: Clean signature
▶ 1 ℓ, 2 τh (OS)
▶ ≥ 2 jets (≥ 1 b jet)
▶ large pmiss

T , ST

Dominant background (tt, V+jets) can be decomposed to:
▶ Genuine τh SIMULATION

▶ ℓ misidentified as τh (ℓ → τh) SIMULATION

▶ jet misidentified as τh (j → τh) DATA DRIVEN

j → τh background measured from data with fake factor method
▶ Estimate τh fake rates in control regions
▶ Fake rates applied in a region with anti-isolated τh

https://link.springer.com/article/10.1007/JHEP09(2023)032


H± → H0W, ℓτh(τh) JHEP09(2023)032 11/1611/16

Signal extraction:
ℓτhτh: H± transverse mass (mH±

T )

▶ mH±
T = mT (τ+

h , τ−
h , ℓ, νℓ)

ℓτh: BDT event discriminant
▶ Combinatorial-jet background goes into

mH±
T = mT (ℓ, τh, j1, j2, νℓ)

▶ Enhance sensitivity with MVA
▶ 12 inputs including mT , Ntres , pmiss

T
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H± → H0W, ℓτh(τh) JHEP09(2023)032 12/1612/16

Simultaneous fit to data in all SRs:

Model-independent limits
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▶ ℓτhτh most sensitive; ℓτh improves sensitivity by 20-35%
▶ First search of the process at the LHC

https://link.springer.com/article/10.1007/JHEP09(2023)032


Wϕ, Zϕ, ttϕ (Xϕ), multilepton arXiv:2402.11098 13/1613/16

Dilepton resonances in events with 3ℓ, 4ℓ

2

The three production modes, Wf, Zf, and ttf, are collectively referred to as Xf. For all pro-
duction modes, decays of f bosons only to electron, muon, or tau lepton pairs are consid-
ered, as described for the coupling to fermions by Eq. (3). The f decays are assumed to con-
serve lepton number and charge, f ! `+`�, where ` = e, µ, or t , and are taken to occur
at the production vertex. As this search targets multilepton signatures, the W and Z bosons
in Wf and Zf signal models are required to be leptonically decaying, whereas one of the
W bosons in the ttf signal model could be decaying hadronically. A complete decay chain
example is ttf ! (bW+)(b̄W�)(`+`�) ! (b`+n)(b̄qq̄)(`+`�) where b and q are the SM
bottom and light (up, down, strange, or charm) quarks, respectively, and ` (n) represents the
SM charged leptons (neutrinos). For Wf and Zf production modes only the leptonic decay
modes of W and Z bosons are considered. For the model-independent results, the branching
fractions B(f ! ``) into different flavors are considered as unconstrained parameters. In to-
tal, (3 + 3 + 2) ⇥ 3 = 24 modes are probed: three coupling structures (S, PS, and H) each for
the Wf and Zf production modes, two coupling structures (S and PS) for the ttf production
mode, and three decay modes for the f (ee, µµ, and tt). All production modes, coupling struc-
tures, and decay scenarios of the f boson are probed separately. This search targets f masses
between 15–350 GeV, excluding masses between 75–108 GeV for the f ! ee/µµ signal scenar-
ios because of high SM Z boson background contributions. The width of the f boson is taken
to be negligible compared to the experimental resolution in all signal models.

The Xf signal scenarios populate a large multilepton signature space in which at least one
lepton arises from the decay of the associated W or Z boson, or top quarks. Figure 1 illustrates
possible production and decay processes of Wf, Zf, and ttf that result in three- or four-lepton
final states. For f masses below the associated gauge boson (top quark) mass, the f boson
may also arise from a three-body decay of an on-shell gauge boson (top quark). The Wf signal
provides a signature with three leptons in the final state, primarily populating phase space
regions with low hadronic activity, significant ~pmiss

T , and no heavy-flavored jets. The Zf signal
produces a four-lepton signature, with similarly low hadronic activity and no heavy-flavored
jets, but with low ~pmiss

T . The ttf signal can yield three- or four-lepton signatures, depending
on the decay mode of the tt system, and populates the phase space with b jets, high hadronic
activity, and large ~pmiss

T arising from the decays of the top quarks.
<latexit sha1_base64="+442BQwYGTQeoaauBAxbwe/Ncpk="></latexit>
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Figure 1: Example production and decay processes of Wf, Zf, and ttf signals producing
multilepton final states, where ` stands for electron, muon or tau lepton. Only leptonic decays
of W and Z bosons are considered for Wf and Zf signals, while for ttf signal W bosons from
top quark decay can also decay hadronically.

The search results are presented in terms of model-independent exclusions along with several
model-dependent interpretations. The model-independent results are presented for each of the
24 separate production and decay modes in terms of the product of the production cross section
and B(f ! ``). The model-dependent results are obtained from a subset of the experimental
channels. First, assuming a Higgs-like f production scenario, the Wf, Zf, or ttf events are
considered to be produced through mixing between the f and SM Higgs boson. Constraints

▶ Seven final states based on the number of light ℓ, τh
▶ Model-independent selections to constrain SM background

▶ Nb, OSSFn, MOSSF , pmiss
T , MT

Control regions (CR) and Signal regions (SR)
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Wϕ, Zϕ, ttϕ (Xϕ), multilepton arXiv:2402.11098 14/1614/16

Analysis strategy
▶ Xϕ → e+e−/µ+µ−:

▶ low- (high-) mass ϕ with mass below (above) the Z mass
▶ Fit discriminant: min/max Mℓℓ

▶ Xϕ → τ+τ−:
▶ Search for eµ, ℓτh, τhτh decays
▶ Fit discriminant: min Meµ, Mℓτh , Mtauhτh
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Wϕ, Zϕ, ttϕ (Xϕ), multilepton arXiv:2402.11098 15/1615/16

Model-independent results: scalar, pseudoscalar, H-like ϕ
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https://arxiv.org/abs/2402.11098


Summary 16/1616/16

Presented latest searches for additional scalar bosons with CMS
▶ New unexplored signal signatures
▶ Advanced techniques, event categorization
▶ No evidence for BSM physics observed

▶ More results to come with Run II and Run III data!
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X ± → W ±γ CMS-PAS-EXO-21-017 17/1617/16

Selections Electron channel Muon channel
Lepton pT > 35 GeV > 30 GeV
mℓγ mass |meγ − 91.0| > 20 GeV —
Lepton ID Tight
Photon pT 0.4mT < pT (γ) < 0.55mT
pmiss

T pmiss
T > 40 GeV

Photon η |η| < 1.44
b jet veto 0 medium-tagged b jets

Reconstruction HLT  selectionµ miss
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-21-017/index.html


X ± → W ±γ, hadronic PLB 826(2022) 136888 18/1618/16

X → W ±γ in final state with γ, large-R jet
▶ W-tagged jet (τ2/τ1, mSD)
▶ Search for bump in data X reconstructed mass: mJγ
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X→ ϕϕ → 4γ arXiv:2405.00834 19/1619/16

Fit of background function + signal shape to data
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▶ Limits compared to the theoretical
estimates for a set of (mX N/f ) values.

▶ N flavors of new Dirac fermion quarks
that receive their mass from the X vev f

https://arxiv.org/pdf/2405.00834
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