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Abstract

A first search for beyond the standard model physics in jet multiplicity patterns of
multilepton events is presented, using a data sample corresponding to an integrated
luminosity of 138 fb−1 of 13 TeV proton-proton collisions recorded by the CMS detec-
tor at the LHC. The search uses observed jet multiplicity distributions in one-, two-,
and four-lepton events to explore possible enhancements in jet production rate in
three-lepton events with and without bottom quarks. The data are found to be con-
sistent with the standard model expectation. The results are interpreted in terms of
supersymmetric production of electroweak chargino-neutralino superpartners with
cascade decays terminating in prompt hadronic R-parity violating interactions.
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Following the discovery of the Higgs boson [1, 2], a number of critical questions remain
open outside of the standard model (SM) of particle physics, such as physics underlying elec-
troweak (EW) symmetry breaking and the Higgs boson mass [3–5], the origin of neutrino
masses [6–9], the identity of dark matter, and the observed baryon asymmetry in the Uni-
verse [10–13]. These make the search for new physics beyond the SM (BSM) an important
mission of the CERN LHC. Despite the wide array of theoretical models put forth for BSM
physics, the guidance they offer is not as specific as it was for the discovery of the latest pieces
of the SM, like the top quark and the Higgs boson, and no direct signs of new physics have
been found yet. Therefore, experimental efforts at the LHC must adopt a broad approach in
searching for signs of BSM physics.

A compelling subset of BSM theories features events with multiple final-state leptons and en-
hanced production of hadronic jets in high energy proton-proton collisions [14–18]. The pri-
mary SM backgrounds for such signatures include production of massive vector bosons and
top quarks in association with high jet multiplicity arising from initial- (ISR) and final-state
radiation (FSR). The characterization of these SM background contributions faces major chal-
lenges as predictions of differential jet multiplicity distributions generally suffer from large
theoretical uncertainties, including insufficient modeling of higher-order quantum chromody-
namics (QCD) and EW effects. Significant discrepancies exist in state-of-the-art event and par-
ticle shower generators, as exemplified in recent studies of W, Z, tt , WZ, ZZ, and ttZ processes
at the LHC [19–30].

These shortcomings impose serious limitations on experimental searches for BSM physics dis-
tinguished by such telltale hadronic enhancements. Indeed, analyses by the ATLAS and CMS
Collaborations frequently rely on inclusive selection criteria and observables, instead of ex-
ploiting the exclusive multiplicity of jets [31–42]. Variables such as the transverse momen-
tum (pT) imbalance due to invisible particles, transverse masses of invisible and visible parti-
cles, and scalar sum of transverse momenta of visible particles are less affected by these the-
oretical uncertainties, but they provide diminished sensitivity to jet production due to new
physics. Furthermore, three-lepton events consistent with on-shell Z and W boson decays are
often used as data control regions (CR) for determining corrections to production cross sections
for simulations of WZ and ttZ backgrounds. Thus, signatures that resemble such SM processes
but with an enhancement in jet multiplicity are not sufficiently covered in BSM search efforts.

This Letter presents the first direct search for BSM physics in exclusive jet multiplicity distri-
butions of proton-proton collision events containing three leptons. The analysis targets events
with on-shell, leptonically decaying W and Z bosons accompanied by several soft jets. Ac-
curate predictions of jet distributions from SM WZ and ttZ processes are thus essential for
detecting such new physics. Previous studies [43–50] have shown that jet production in events
with a hard process, such as energetic lepton production, follows patterns like “staircase” and
“Poisson” scaling. Despite dependence on jet and event selection, jet multiplicity distributions
are expected to show approximate universality with common patterns within similar process
families. The three-lepton WZ and ttZ processes belong to two separate such families within
the SM background; WZ is primarily quark initiated with ISR-driven jet production, while ttZ
is dominantly gluon initiated with jets from ISR, FSR, and top-quark decays.

In this Letter, we employ a novel method that exploits expected similarities in jet production
across SM processes within the same family to probe BSM scenarios that manifest as devia-
tions in exclusive jet multiplicity distributions, particularly through additional jets from mas-
sive particle decays. Specifically, we derive the WZ and ttZ jet distributions in three-lepton
events, where BSM-enhanced jet activity is posited, using relatively signal-depleted two- and
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one-lepton data events enriched in SM processes of the same family. This data-driven approach
substantially improves the modeling of associated hadronic activity, mitigating the related un-
certainties via the use of SM-like CRs and significantly enhancing sensitivity to BSM-induced
jet activity.

The results are used to probe a previously unexplored class of supersymmetric (SUSY) [51–56]
models that predict events with W and Z bosons along with an enhanced jet multiplicity. EW
production of a chargino-neutralino pair χ̃±

1 χ̃0
2 (with masses m

χ̃±1
= m

χ̃0
2
) yields a W and Z

boson through cascade decays to a pair of the lightest SUSY particle (LSP) neutralino χ̃0
1 (with

mass m
χ̃0

1
), χ̃±

1 → W±χ̃0
1 and χ̃0

2 → Zχ̃0
1. Each LSP decays promptly afterward via hadronic

R-parity violating (RPV) interactions [57–61]. The search targets three-lepton events from on-
shell leptonic decays of the massive vector bosons, W → ℓν and Z → ℓℓ, and we consider two
scenarios for the three-quark decay of the LSP, χ̃0

1 → uds or χ̃0
1 → udb, referred to as RPVq

and RPVb, respectively. The chargino pair χ̃+
1 χ̃−

1 production does not contribute to the three-
lepton signal, and its contribution to the one- and two-lepton CRs is negligible for this class of
SUSY models.

The analysis is based on a data sample of 138 fb−1 of 13 TeV pp collisions recorded by the CMS
detector in 2016–2018 [62–64]. The CMS apparatus [65] is a nearly hermetic multipurpose de-
tector, designed to trigger on [66, 67] and identify electrons, muons, photons, and hadrons [68–
71]. A global “particle-flow” algorithm [72] is used to reconstruct all individual particles in an
event. It combines information provided by the all-silicon inner tracker and by the crystal elec-
tromagnetic and brass-scintillator hadron calorimeters, operating inside a 3.8 T superconduct-
ing solenoid, with data from the gas-ionization muon detectors embedded in the flux-return
yoke outside the solenoid. The reconstructed particles are used to build jets and missing trans-
verse momentum (pmiss

T ) [73, 74].

Jets are clustered using the anti-kT algorithm with a radius parameter of 0.4, as implemented
in the FASTJET package [75–77], and their energy is corrected on a jet-by-jet basis [78]. Jets
originating from b quarks are identified with the DEEPJET algorithm operated at a medium
working point having 70% average efficiency, with 10% and 1% efficiencies for misidentifying
charm and light quarks, respectively [79–81]. The vector p⃗ miss

T is defined as the projection onto
the plane perpendicular to the beam axis of the negative vector-momenta sum of all recon-
structed particle-flow objects in an event.

The data used in this search were recorded using a combination of isolated single-electron and
-muon triggers with corresponding electron and muon pT thresholds of 27 and 24 GeV in 2016,
32 and 27 GeV in 2017, and 32 and 24 GeV in 2018, respectively. We select events that contain
one to four leptons (electrons or muons) and any number of jets. The leptons are required to
be well isolated with pT > 10 GeV and pseudorapidity |η| < 2.4 [68, 69]. At least one of the
leptons must satisfy tighter criteria with pT > 30 (35)GeV in 2016 (2017–2018) for an electron
or with pT > 26 (29)GeV in 2016 and 2018 (2017) for a muon. All jets are required to satisfy
pT > 30 GeV and |η| < 2.5, as well as distance in η-ϕ space [65] ∆R ≡ [(∆η)2 + (∆ϕ)2]1/2 >
0.4 from a selected muon or electron, where ϕ is the azimuthal angle in radians. In order to
suppress contributions from low-mass quarkonium resonances, cascade decays of heavy-flavor
hadrons, and low-∆R FSR, events with two or more leptons are discarded if mmin < 12 GeV or
∆Rmin < 0.2, where mmin and ∆Rmin are defined, respectively, as the minimum invariant mass
and minimum ∆R of all lepton pairs in the event, regardless of lepton charge and flavor.

Events satisfying the baseline selections are categorized using a set of invariant mass and mul-
tiplicity variables. The number of distinct opposite-sign same-flavor (OSSF) lepton pairs in an
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event is denoted as OSSFn, where n is the number of such pairs, such that a µ+µ−µ− event is
labeled OSSF1 and a µ+µ+µ−µ− event is labeled OSSF2. Events with an OSSF lepton pair with
invariant mass between 76 and 106 GeV, consistent with leptonic decays of the Z boson, are
labeled OnZ. Otherwise, they are labeled OffZ. The minimum lepton pT requirement is raised
to 20 GeV in all three-lepton OnZ events.

10

410

710

1010

1310

E
v
e

n
ts

/B
in

Data

W

Other

150 

350 RPVq

Unc.

 (13 TeV)­1138 fb

CMS

=0
b

, N 1ℓ

Uncorrected

 (13 TeV)­1138 fb

CMS

2 3 4 5≥
Jet Multiplicity

0

0.5
1

1.5

2

D
a
ta

/B
k
g
.

1

210

410

610

810

1010

1210

E
v
e

n
ts

/B
in

, OnZ 2ℓ

Uncorrected

 (13 TeV)-1138 fb

CMS Data

Z

Other

150 

350 RPVq

Unc.

2 3 4 5≥
Jet Multiplicity

0

0.5
1

1.5

2

D
a
ta

/B
k
g
.

1

10

210

310

410

510

610

E
v
e

n
ts

/B
in

=0
b

, OnZ, N 3ℓ

Uncorrected

 (13 TeV)-1138 fb

CMS Data

WZ

Other

150 

350 RPVq

Unc.

2 3 4 5≥
Jet Multiplicity

0

0.5
1

1.5

2

D
a
ta

/B
k
g
.

Figure 1: Distributions of jet multiplicity in a W-enriched selection of one-lepton events (left),
a Z-enriched selection of two-lepton OnZ events (center), and a WZ-enriched selection of
three-lepton OnZ events (right, search region) prior to corrections. The lower panels show
the ratio of observed events (Data) to the total background prediction (Bkg.), with the gray
bands representing the statistical uncertainty (Unc.) in the predictions. SM background pre-
dictions fall short of the observations in all cases for higher jet multiplicities. Expected RPVq
(m

χ̃±1
= m

χ̃0
2
= 350 GeV, m

χ̃0
1
= 150 GeV) signal distributions are overlaid for comparison.

Figure 1 shows the jet multiplicity distributions across one-, two-, and three-lepton events en-
riched in W, Z, and WZ contributions, respectively. These indicate the impact, size, and simi-
larity of the jet multiplicity mismodeling across different processes as well as the shortcoming
of the simulated WZ sample in higher jet-multiplicity bins. In particular, these discrepan-
cies in three-lepton events should be taken into account when interpreting potential signal-like
features, such as those of the RPVq signal. This constitutes the primary motivation for the
data-driven jet multiplicity correction and the choice of the signal model.

The search regions (SRs) comprise the three-lepton OnZ events with at least two jets. These
are primarily classified based on their jet (Nj) and b-tagged jet (Nb) multiplicities. We define
eight nonoverlapping SRs, namely with Nj = 2, Nj = 3, Nj = 4, and Nj ≥ 5, further split
according to Nb = 0 or Nb ≥ 1. The remaining one-, two-, three-, and four-lepton events
are used as signal-depleted CRs to isolate, characterize, and quantify the major irreducible SM
background processes, and to tailor the simulations to improve the description of SM processes.
Although RPVq and RPVb signals can produce up to six jets, scenarios with low LSP mass
or with Lorentz-boosted LSPs produce fewer jets in LSP decays because of the requirements
on the reconstructed jet pT and jet radius parameters, populating SRs with lower Nj and Nb
values. In each Nj and Nb SR, a number of ST bins are defined to probe for wide enhancements
above SM expectations, where ST is an event-based effective mass variable defined as pmiss

T
plus the scalar pT sum of electrons, muons, and jets. The ST scales with the total mass of the
BSM particles and mitigates the model-specific combinatorial problem of building multibody
resonances. The splitting of SRs along dimensions of jet multiplicity and ST provides additional
sensitivity against SM processes which may produce similar numbers of jets in the final state
but with a different overall effective mass.

In all leptonic events, electrons and muons produced from the decays of W, Z, and Higgs
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bosons (either directly or via a leptonically decaying τ lepton) are referred to as prompt lep-
tons, and are often indistinguishable in momentum and isolation from those produced in sig-
nal events. Thus, the SM contributions consisting of only prompt leptons are referred to as
the irreducible backgrounds. Reducible backgrounds are defined as those which include jets
misidentified as leptons or where the leptons originate from heavy-quark decays, and back-
ground processes with such leptons are collectively labeled as “MisID” backgrounds.

Simulated samples are used in the estimation of the irreducible background as well as sig-
nal contributions. All SM samples were generated using a matrix-element calculation at fixed
order in QCD, with up to a maximum of two additional hard-scattering jets, depending on
the process. The WZ, ttZ, ttW, Zγ, and triboson backgrounds were generated using MAD-
GRAPH5 aMC@NLO 2.6.5 [82] at next-to-leading order (NLO) precision. The background con-
tribution from ZZ production via quark-antiquark annihilation was generated using POWHEG

2.0 [83–85] at NLO, while the contribution from gluon-gluon fusion production was generated
at leading order (LO) using MCFM 7.0.1 [86]. Processes from Higgs boson production were
generated using POWHEG, MADGRAPH5 aMC@NLO, and JHUGEN 7.0.11 [87–90] at NLO. Ad-
ditionally, Z, W, and tt processes primarily used for various studies in one- and two-lepton
events were also generated at NLO with MADGRAPH5 aMC@NLO. Contributions from other
processes involving single or multiple top quarks or vector bosons were simulated using MAD-
GRAPH5 aMC@NLO at LO or NLO in QCD. All signal samples were generated with MAD-
GRAPH5 aMC@NLO at LO precision. A simplified model spectrum [91, 92] is assumed for
the class of SUSY models targeted in this work, consisting of degenerate winolike chargino
and neutralino that are superpartners of the SU(2)L gauge fields with masses m

χ̃±1
= m

χ̃0
2
≥

125 GeV, together with a binolike neutralino LSP that is the superpartner of the U(1)Y gauge
field with mass m

χ̃0
1
≤ m

χ̃±1
− 100 GeV [93, 94]. All other SUSY particles are assumed to be

sufficiently decoupled to be inaccessible at the LHC.

The parton showering, fragmentation, and hadronization of the matrix element level events
in all background and signal samples were performed with PYTHIA 8.240 [95] with the event
tune CP5 [96]. The FxFx [97] or MLM [98] matching scheme is used in MADGRAPH samples to
remove double-counted partons between the matrix element calculations and parton shower
description, at NLO or LO precision, respectively. The NNPDF3.1 next-to-NLO parton dis-
tribution functions (PDFs) were used to generate all samples [99]. The response of the CMS
detector was simulated using the GEANT4 toolkit [100]. Aside from the hard-scattering event,
additional pp interactions from within the same or adjacent bunch crossing (pileup) are simu-
lated and incorporated in the samples, and simulated events are reweighted according to the
pileup distribution in the recorded data.

The WZ and ttZ processes are the dominant irreducible SM backgrounds for Nb = 0 and Nb ≥
1 SR events, respectively. A major limitation in simulating their differential jet multiplicity
distributions arises from mismodeling of QCD showering and the choice of factorization and
renormalization scales. To address these effects in SRs (Nj ≥ 2), we exploit similarities in jet
production mechanisms between the three-lepton WZ and ttZ processes and the two-lepton Z
and one-lepton tt processes, respectively. The latter yield significantly larger event samples in
data and are used to define CRs with minimal signal contamination. Data-driven differential jet
multiplicity distributions from these CRs are applied as shape corrections to the WZ and ttZ
simulations, systematically defining and constraining the ratios of exclusive jet multiplicity
bins.

A two-lepton selection of Z-enriched events is used to derive corrections for the three-lepton
WZ background, in which the accompanying jets arise predominantly from ISR. Although
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Figure 2: Example search region distributions of jet multiplicity with Nb = 0 (left) as well
as ST in four-jet bins with Nb = 0 (center) and Nb ≥ 1 (right). The lower panels show the
ratio of observed events (Data) to the total background prediction (Bkg.), with the gray bands
representing the sum of statistical (left), or statistical and systematic (center and right) uncer-
tainties (Unc.) in the predictions. The expected background jet multiplicity distribution is
obtained after applying the data driven corrections, whereas the ST distributions and the un-
certainties are obtained after also performing the binned maximum likelihood fit to the data
under the background-only hypothesis. Expected RPVq and RPVb (m

χ̃±1
= m

χ̃0
2
= 350 GeV

with m
χ̃0

1
= 150 and 50 GeV, respectively) signal distributions are overlaid for comparison.

both Z and WZ production proceed via EW interactions, differences in the invariant mass
of the hard-scattering system affect the production characteristics of the recoiling jets. These
differences are found to be largely ameliorated by an additional selection of pT > 100 GeV on
the dilepton system (reconstructed Z boson candidate) in the Z-enriched events. The method
is validated both in simulated samples, as well as in a one-lepton data CR enriched in W boson
contributions, where applying the Z-derived corrections reduces discrepancies between data
and simulation to below 10% for Nj ≥ 2. Figure 2 (left) shows the corrected Nj distribution
in the WZ-dominated three-lepton SR, where the data are observed to broadly align with the
expected SM background.

Similarly, a one-lepton selection of tt-enriched events is used to derive corrections for the three-
lepton ttZ background. Both processes involve ISR, FSR, and jets from top decays (t → Wb →
qqb), and have comparable hard-scattering scales. The compatibility of their jet multiplicity
behavior is validated in simulation, with no significant differences observed. Moreover, this
compatibility is verified in data using two- and four-lepton CRs enriched in tt and ttZ events,
respectively.

The shape of the ST distribution in each SR jet-multiplicity bin is obtained from simulation.
Selections of Z- and tt-enriched two-lepton CR events are used to validate ST modeling per-
formance in exclusive jet multiplicity bins, which is observed to be consistent with data up to
the individual normalization factors. A set of three- and four-lepton CRs are further defined to
verify the modeling of ST, dilepton mass, and other relevant kinematic variables, as well as to
obtain cross section normalization factors for the irreducible backgrounds. For the WZ contri-
butions, a selection of three-lepton OnZ events with 0 or 1 jet is used, whereas a ttZ-enriched
CR is created by selecting four-lepton events with only one OnZ pair, at least one b-tagged
jet, and ST > 350 GeV. Other contributions mostly come from Zγ and ZZ processes, where
the former contributes via ISR or FSR photons that convert asymmetrically such that only one
of the resultant leptons is reconstructed in the detector, and the latter contributes via events
where one of the leptons originating from the Z boson decays is not reconstructed or identified
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as an electron or muon. A dedicated OffZ three-lepton selection is defined for the Zγ process,
where the total mass of the three-lepton system is required to be within the Z boson mass win-
dow of 91 ± 15 GeV. Four-lepton OSSF2 events with either two OnZ pairs and any number
of b-tagged jets, or one OnZ pair and no b-tagged jets, are used to normalize and study ZZ
simulations. Additionally, dedicated jet-multiplicity-dependent corrections are derived for the
ZZ background simulation using the signal-depleted four-lepton events. Other SM processes
without a dedicated CR, including triboson, Higgs boson, and other rare SM contributions, are
normalized to their NLO or LO theoretical cross sections. Contributions from these processes
together with relatively small contributions from ZZ and Zγ processes are collectively referred
to as “Rare” backgrounds. The final cross section normalizations of all major irreducible back-
grounds and signal are ultimately simultaneously obtained by a binned maximum likelihood
fit to all SRs and three- and four-lepton CRs, where the normalized cross sections from the CRs
are solely used as initial values.

The MisID background contributions are estimated using a “matrix method” [101, 102] from
a set of sideband regions defined in data for each SR. The sideband regions consist of events
with leptons passing less stringent selection criteria, where at least one lepton fails the isolation
requirements used in the analysis. The method used in this analysis follows the implementa-
tion detailed in Refs. [41, 103], and is validated in OnZ three-lepton simulated events as well as
signal-depleted OSSF0 and OSSF1 OffZ three-lepton data events.

A number of systematic uncertainties arise from the corrections applied to the background
and signal simulations. These include corrections for the efficiencies of the electron and muon
triggers, lepton reconstruction, identification, and isolation, as well as the lepton energy scale
and resolution modeling, and for jets and pmiss

T , b tagging efficiency, pileup modeling, and
energy scale and resolution corrections. Each of these is considered for the main irreducible
WZ and ttZ backgrounds and the signal samples, and evaluated by varying the corresponding
correction factor up and down by one standard deviation of its associated uncertainty. The
resulting shape variations in the ST spectra of the main irreducible backgrounds in exclusive
Nj and Nb bins are used to define associated systematic uncertainties, which are typically less
than 10%. The uncertainties in the integrated luminosity vary in the range of 1.2–2.5% among
the data-taking years [62–64]. Uncertainties due to the NNPDF3.1 PDF set [99], the choices of
factorization and renormalization scales [104], and the ISR and FSR parton shower parame-
ters [96] used in the WZ and ttZ samples are also evaluated, and while subdominant, are still
considered.

The MisID background estimate from control samples in data has an uncertainty in the range
of 20–30% [41, 103]. The ZZ background has a dominant set of uncertainties, in the range of
15–50%, for the exclusive jet-multiplicity-dependent corrections derived from the dedicated
four-lepton CR data events. For the rare background processes, a 50% systematic uncertainty
is assigned to the theoretical cross section estimates to cover any higher-order effects and PDF
uncertainties. These have a minor impact on the results as the corresponding processes are
not major contributors in the SRs. Additionally, all background and signal estimates have un-
certainties from the limited numbers of events in simulated samples or data sidebands. These
statistical uncertainties are typically less important, but are nonetheless propagated to the re-
sults.

The dominant systematic uncertainties arise from the normalization of the WZ and ttZ back-
grounds in the Nj ≥ 2 phase space as well as the uncertainties applied to the WZ and ttZ
jet multiplicity corrections. The normalization factors for these backgrounds and the targeted
signal process are included as free parameters in the maximum likelihood fit. The jet multi-
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plicity corrections affect the Nj shapes of the WZ and ttZ contributions, and are implemented
as independent constraints on the ratios of event counts in neighboring jet multiplicity bins. A
relative uncertainty of 30% is assigned to each of these ratio constraints as induced by various
systematic effects, where the primary contributors are the residual nonclosure effects in the
modeling of WZ and ttZ processes by Z and tt processes as studied in simulated samples (up
to 20%) and the stability of correction factors as functions of data-taking period and detector
conditions (up to 10%). In the one-lepton tt and two-lepton Z-enriched data events where the
jet multiplicity corrections are measured, the contributions of other processes are estimated and
subtracted using simulated samples. Thus, we also evaluate the impact of various simulation-
based uncertainties on the corrections. Among these, jet energy scale and b tagging efficiency
correction uncertainties as well as normalization uncertainties are the most relevant, but their
total impact on the jet multiplicity corrections is measured to be less than 5%. In contrast, the
statistical uncertainties are found to be negligible throughout.
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Figure 3: The 95% confidence level upper limits on the RPVq (left) and RPVb (right) signal
production cross sections as a function of m

χ̃±1
= m

χ̃0
2

and m
χ̃0

1
. Contour lines indicate the ob-

served (bold solid) and median expected (bold dashed) boundaries with 1 standard deviation
(s.d.) as well as the 68% expected bands (thin dashed), where the latter on the observed contour
line is due to the theoretical uncertainty on the signal production cross section.

The following results are determined using the CMS statistical analysis tool, COMBINE [105].
A simultaneous binned maximum likelihood fit is performed over 13 bins in three- and four-
lepton CRs and 106 jet-multiplicity and ST bins in SRs. Sources of systematic uncertainties,
including those of statistical origin, are incorporated in the likelihood as nuisance parame-
ters. These include unconstrained parameters for the normalization factors of WZ, ttZ, ZZ,
Zγ, and MisID background contributions, as well as log-normal constrained parameters for
all other systematic uncertainties. The statistical uncertainties in the signal and background
estimates are modeled with gamma functions. No statistically significant deviation from the
SM background is observed. Representative ST background spectra in four-jet SRs are shown
in Fig. 2 with Nb = 0 (center), and Nb ≥ 1 (right).

Using the modified frequentist approach with the CLs criterion [106, 107] in the asymptotic
approximation [108], the results are interpreted as upper limits at 95% confidence level on the
production cross section of chargino-neutralino pairs in the class of SUSY models explored
here, separately considering the RPVq and RPVb signal scenarios. The signal production cross
sections are computed at NLO plus next-to-leading logarithmic (NLL) precision under the sim-
plified model assumption [109, 110]. Figure 3 shows the observed and expected upper limits
on the excluded χ̃±

1 χ̃0
2 production cross sections. In the range of probed chargino-neutralino
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masses, the RPVq (RPVb) model is excluded for an LSP mass of up to 275 (180) GeV. Tabulated
results are provided in the associated HEPData record [111].

Previously, the ATLAS and CMS Collaborations have set constraints on R-parity conserving or
RPV scenarios with chargino-neutralino pair production in signatures involving low hadronic
activity or significant pT imbalance due to undetected stable neutralino LSPs [112, 113], or in
signatures with three or more charged leptons [36, 114], as well as constraints on long-lived
RPV decays of metastable neutralino LSPs [115–118] and hadronic RPV decays of superpart-
ners involving top quarks [119, 120]. In comparison, these are the first dedicated constraints
targeting EW superpartner pair production with prompt decays of the LSPs via hadronic RPV
interactions in final states with jets and three leptons.

In summary, the first search for beyond the standard model physics in jet multiplicity distri-
butions of multilepton events has been performed using proton-proton collision data collected
with the CMS detector at

√
s = 13 TeV, corresponding to an integrated luminosity of 138 fb−1.

No significant deviations from standard model expectations have been observed and the first
direct bounds are set on a class of supersymmetric models populating final states with jets and
three leptons.
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L. Portales , A. Rosowsky , M.Ö. Sahin , A. Savoy-Navarro20 , P. Simkina , M. Titov ,
M. Tornago

Laboratoire Leprince-Ringuet, CNRS/IN2P3, Ecole Polytechnique, Institut Polytechnique
de Paris, Palaiseau, France
F. Beaudette , G. Boldrini , P. Busson , A. Cappati , C. Charlot , M. Chiusi , T.D. Cuis-
set , F. Damas , O. Davignon , A. De Wit , I.T. Ehle , B.A. Fontana Santos Alves ,
S. Ghosh , A. Gilbert , R. Granier de Cassagnac , A. Hakimi , B. Harikrishnan ,
L. Kalipoliti , G. Liu , M. Nguyen , C. Ochando , R. Salerno , J.B. Sauvan , Y. Sirois ,
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K. Lipka26 , W. Lohmann27 , F. Lorkowski , R. Mankel , I.-A. Melzer-Pellmann ,
M. Mendizabal Morentin , A.B. Meyer , G. Milella , K. Moral Figueroa , A. Muss-
giller , L.P. Nair , J. Niedziela , A. Nürnberg , Y. Otarid, J. Park , E. Ranken ,
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A. Braghieria , S. Calzaferria , D. Fiorinaa , P. Montagnaa,b , V. Rea , C. Riccardia,b ,
P. Salvinia , I. Vaia,b , P. Vituloa,b

INFN Sezione di Perugiaa, Università di Perugiab, Perugia, Italy
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INFN Sezione di Pisaa, Università di Pisab, Scuola Normale Superiore di Pisac, Pisa, Italy;
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Centro de Investigaciones Energéticas Medioambientales y Tecnológicas (CIEMAT),
Madrid, Spain
J. Alcaraz Maestre , Cristina F. Bedoya , J.A. Brochero Cifuentes , Oliver M. Carretero ,
M. Cepeda , M. Cerrada , N. Colino , B. De La Cruz , A. Delgado Peris ,
A. Escalante Del Valle , D. Fernández Del Val , J.P. Fernández Ramos , J. Flix ,
M.C. Fouz , O. Gonzalez Lopez , S. Goy Lopez , J.M. Hernandez , M.I. Josa ,
J. Llorente Merino , E. Martin Viscasillas , D. Moran , C. M. Morcillo Perez ,
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