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Abstract. Recent multilepton anomalies, which are defined as persistent excesses in final states
with multiple leptons, missing energy, and (b-)jets, suggest the presence of a new scalar beyond
the Standard Model (SM). Excesses in higgs to diphoton, Z+, and WW spectra hint at a Higgs-
like scalar S with mass mg ~ 152 £ 1 GeV, while the ZZ channel remains SM-like. This
signature can be explained with a Real Higgs Triplet (RHT) model with hypercharge Y = 0,
where S does not couple to ZZ at tree level. The Triplet scalars with mass m g can be produced
via Drell-Yan process and decay to electroweak bosons, enhancing triboson final states such
as WWZ, WZZ, and WWW. Intriguingly, both ATLAS and CMS have reported significant
excesses in such triboson channels, with observed (expected) significances reaching 6.40 (4.70)
inthe V'V Z (where V.= W or Z) channel and 4.40 (3.60) in WW Z, raising the possibility that
these signals may be the manifestations of an extended Higgs sector. We investigate whether the
RHT model can account for these triboson excesses through electroweak production and decay
of triplet scalars.

1 Introduction

The discovery of the Higgs boson in 2012 confirmed the completeness of the Standard Model (SM). However,
experimental results from various LHC experiments have increasingly pointed toward the possibility of physics
beyond the SM (BSM). Among the most compelling hints are the so-called “multilepton anomalies” - statistically
significant deviations in channels featuring multiple leptons, missing energy, and possibly (b-)jets in the final state
- compared to SM predictions. These anomalies suggest the production of BSM scalar particles at the electroweak
scale, possibly in association with SM particles.

A particularly compelling scenario involves the production of a heavier scalar resonance, which primarily
decays into a pair of lighter scalars, S, with mass ~ 150 £ 5 GeV. This cascade decay naturally gives rise to
final states rich in electroweak bosons and leptons, offering a coherent explanation for the multilepton excesses
observed in LHC data. In Refs. [1,2], the sidebands of SM Higgs searches by ATLAS and CMS [3-10] have
been analyzed, concluding that the observed data favor a narrow scalar resonance with a mass of approximately
152 GeV in the diphoton and Z+ invariant mass spectra, with a global significance exceeding 50. However, no
excess is seen in the ZZ channel. This pattern disfavors simple Higgs doublet extensions but aligns naturally with



Center of Mass Energy ~ Process Observed Cross section (fb) Expected Cross section (fb)

WWZ 442 4 94(stat.) TS5 (syst.) [11] 329.0 [11]
3007120 (stat.) 50 (syst.) [12] 354.0 [12]
2801175 (stat.) T35 (syst.) [13] 373.0 [13]
Vs =13TeV WZZ 200" 51" (stat. )+37(syst) [11] 93.1 [11]
2007199 (stat.) 779 (syst.) [12] 91.6 [12]
WWW 820 4 100(stat.) & 80(syst.) [1 511.0 + 18 [14]
tWZ 248 + 38(stat.) & 35(syst ) [15] 136.073 [15]
Vs =13.6 TeV WWZ 7007550 (stat) 20 (syst) [13] 402 [13]
tWZ 242 + 62(stat.) & 46(syst.) [15] 147.87 7 [15]

Table 1: Observed and expected inclusive cross sections for WW Z, W ZZ, WW W and tW Z production.

a Real Higgs Triplet (RHT) model with hypercharge Y = 0, where the new scalar S does not couple to ZZ at
tree level. The RHT model also predicts triboson signatures - WWW , WW Z, W Z Z - from pair-produced triplet
scalars decaying into electroweak bosons. Intriguingly, both ATLAS and CMS have also observed excesses in
these channels.

Table 1 summarizes recent ATLAS and CMS measurements of inclusive cross sections for WW Z, W Z Z,
WWW, and tW Z production at /s = 13 and 13.6 TeV, compared with SM predictions at NLO in QCD. Several
channels exhibit notable excesses. In the W W W channel, ATLAS measures 820 fb versus the SM expectation of
511 fb. The corresponding CMS result [12] is omitted due to a stringent selection cut on the azimuthal separation
A¢ (ﬁ%e, ﬁr}m“) > 2.5, which suppresses new physics-sensitive topologies. Except for the last two WW Z mea-
surements listed in Table 1, which fall below the SM expectation, all other measurements exhibit a clear excess
over the SM predictions. These deviations are particularly intriguing in the context of the RHT model, where
additional scalars can enhance triboson and top-associated production. The observed excesses thus provide an
opportunity to probe and constrain such extensions of the SM.

In this proceeding, we test whether the RHT model with a 152 GeV scalar can explain these triboson anomalies.
We simulate Drell-Yan production and decays of the triplet components, compute triboson cross-sections, and
compare the results with LHC data to evaluate the model’s viability and its implications for extended Higgs sectors.

2 Model Description: The Real Higgs Triplet Model (RHT)
We consider an extension of the SM scalar sector by a real SU(2), Higgs triplet with zero hypercharge (Y = 0),
commonly referred to as the RHT [16-23]. The model introduces a CP-even neutral scalar (A%) and a pair of
charged Higgs bosons (A*), all of which are nearly degenerate in mass due to constraints from electroweak
precision measurements.

After electroweak symmetry breaking, the physical scalar spectrum consists of the SM-like Higgs boson h,
identified with the 125 GeV scalar, the neutral triplet-like scalar A9 and the charged scalars A%, The masses of
the triplet-like scalars are approximately

1 Avg A(v3 + 4v3)
on ~ 5)\A'U2A =+ m, mii = T (l)
where
_ 29 9
Aa = — (mAg mAi) 2)
UA

and v, and v are the respective vacuum expectation values (VEVs) of the Standard Model Higgs SU(2), doublet
(®) with hypercharge ¥ = % and the Higgs triplet (A) with Y = 0 respectively. The mixing angle o between
the neutral scalars governs the deviation of Higgs couplings from their SM expectations and is constrained by
precision Higgs measurements. The triplet vacuum expectation value va contributes at tree level only to the W
boson mass.



Selection Type

ATLAS

CMS

Object Selection Criteria

Electron pr > 7 GeV, || < 2.47 pr > 10 GeV, n] < 2.5
Muon pr > 5 GeV (> 15 GeV for calo-tag), |n| < 2.7 pr > 10 GeV, |n| < 2.4
Jet pr > 20 GeV, || < 4.5 pr > 25 GeV, |n| < 2.4, anti-kr (R = 0.4)
b-jets =0 =0
Event Preselection Criteria
Trigger Single-, di-, tri-, quad-lepton triggers Same
Lepton Multiplicity > 3 charged leptons > 2 leptons (channel-dependent)

Z boson mass window (if applicable)

[mee — myz| < 40 GeV

Prompt lepton selection, tight ID/isolation

Inclusive 3¢ Event Selection

Preselection

Lepton pr

SFOS dilepton mass
Jet and b-jet
Kinematic variables

v

> 15 GeV, at least one > 27 GeV
> 12 GeV; |mg — mz| < 20 GeV
No b-jets; SRs based on 1 or 2 jets

v

> 3 leptons: one > 25 GeV, others > 20 GeV (or all > 25 GeV if 0 SFOS)
> 20 GeV; |my — mz| > 20 GeV for SFOS

No jets (1 allowed if 0 SFOS); no b-jets

m3¢ > 90 GeV, |p8¢| > 50 GeV, Ag > 2.5, |ma; — mz| > 10 GeV

3¢ Signal Regions

SR1:3(-1j : 1 jet 3(-0SFOS
Region definitions SR2 :3(-2j-inV : > 2 jets, 60 < m;; < 110 GeV 3/-1SFOS
SR3 :3(-2j-outV : > 2 jets, mj; < 60or > 110 GeV 3(-2SFOS

Inclusive 4/ Event Selection

Preselection v v

Lepton pr Exactly four: 30, 15, 8, 6 GeV Exactly four: Z pair > 25, 10 GeV; others > 25, 10 GeV
SFOS dilepton mass > 12 GeV, |mgy — myz| < 20 GeV Z1: |mge — mz| < 10 GeV, Z2: |my — myz| > 10 GeV
ARy >0.1 _
Emiss > 10 GeV —
b-jets =0 =0

4/ Signal Regions

4/(-DF: different-flavour W leptons (ep)
4(-SF-inZ: same-flavour W leptons, |me — mz| < 20 GeV
4(-SF-outZ: same-flavour W leptons, |m¢ — mz| > 20 GeV

Common categories

Inclusive 5/ Event Selection

Preselection v v

Leptons > 5 leptons > 5 leptons; leading two > 25 GeV, others > 10 GeV
Z boson candidates > 2 SFOS pairs with [mg, — mz| < 20 GeV > 2 SFOS pairs with [mg — mz| < 15 GeV

Other cuts — mp > 50 GeV

b-jets =0 =0

Table 2: Combined summary of the object selection, event preselection, and inclusive/signal region selection
criteria for 3¢, 4¢, and 5¢ events in ATLAS and CMS analyses [11, 12].

Regarding collider phenomenology, the triplet-like scalars are primarily produced at the LHC via Drell-Yan
processes,
qq — Z*|v" = ATAT, q@ — W — AOA*E 3)
The neutral scalar A° predominantly decays into W, with loop-induced channels such as vy and Z~ becoming
relevant when the scalar is nearly degenerate with A*. The charged scalars A* typically decay to W Z, v, or
tb, depending on their masses. The phenomenological implications include multilepton and diphoton final states,
and the model can accommodate LHC anomalies such as excesses near 152 GeV in the diphoton spectrum. The
parameter space consistent with theoretical and experimental constraints generally prefers small mixing angle «
and triplet vacuum expectation values va of order 1 to 3 GeV.

3 Analysis and Results

This section covers the phenomenology related to the RHT model that was presented in earlier sections. This
model helps to explain experimental results and provides guidelines for searches at certain energy and parameter
choices in colliders such as the LHC.

The selection criteria summarized in Table 2 follow a tiered strategy involving lepton multiplicity, SFOS (same-
flavor opposite-sign) pair counting, jet requirements, and Z-vetoes. CMS enforces tighter object-level cuts (e.g.,
pr > 10 GeV for leptons), while ATLAS allows softer leptons to enhance sensitivity. Signal regions are defined
separately in 3¢, 4¢, and 5¢ categories, with additional kinematic requirements such as my, A, and EJ"™ cuts
enhancing signal-to-background separation. Our analysis follows this structure closely, particularly employing the
3¢ and 4/ categories with zero b-jet and Z-veto conditions, ensuring a consistent comparison with the reported
excesses in multilepton channels.



In this study, event generation is performed using MadGraph5 aMC@NLO [24,25], with parton showering
via Pythia 8.3 [26] and detector simulation using Delphes 3.5.0 [27], configured with CMS detector
parameters. Final-state objects are reconstructed from the Delphes output, with jets clustered using the anti-k
algorithm (radius R = 0.4) via FastJet 3.3.4 [28].

To validate the analysis framework and examine the kinematic features of the signal, we present various distri-
butions of key observables. In particular, we examine the invariant mass distributions of same-flavour opposite-sign
(SFOS) lepton pairs that are consistent with the decay of an on-shell Z boson. According to the selection criteria,
each event must contain at least one SFOS lepton pair with an invariant mass within a 40 GeV window around the
Z boson pole mass (mz = 91.188 GeV). Figure 1 shows the reconstructed Z boson mass from such SFOS pairs
in the three signal regions (SR1, SR2, and SR3). These plots help confirm the presence of Z-boson candidates in
the selected events and demonstrate the consistency of the reconstruction with the expected Z mass peak. This
validation is particularly important in triboson final states such as WW Z, WZZ, tW Z, and WW W, where Z
bosons are expected in the decay chain.
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Figure 1: Reconstructed invariant mass distributions of same-flavour opposite-sign (SFOS) lepton pairs in each
signal region (SR1, SR2, and SR3).

Future Work

The next stage of the analysis involves a comprehensive treatment of relevant SM backgrounds. The production of
three massive vector bosons arises from Feynman diagrams involving interaction vertices ranging from single to
quartic boson couplings, as well as through the Higgsstrahlung mechanism. Additional background contributions
from ttZ, fake leptons, and triboson processes not involving new physics will also be modeled and validated using
control regions. Following the ATLAS methodology, the signal regions will be further subdivided and optimized
using multivariate techniques such as boosted decision trees, trained to enhance the separation between signal
and background events. These discriminants can then be combined in a binned maximum-likelihood fit to extract
a global signal strength parameter p, defined as the ratio of the observed triboson production cross section to the
Standard Model expectation. Ultimately, this strategy aims to determine whether the RHT model can quantitatively
account for the observed excesses in triboson final states. Future extensions will include a global combination
across channels and sensitivity projections for the upcoming Run 3 data.
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