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A search for the production of a W boson and a Higgs boson through vector boson scattering (VBS) is presented, 
using CMS data from proton-proton collisions at 

√
𝑠 = 13 Te V collected from 2016 to 2018. The integrated 

luminosity of the data sample is 138 fb−1. Selected events must be consistent with the presence of two jets 
originating from VBS, the leptonic decay of the W boson to an electron or muon, possibly also through an 
intermediate τ lepton, and a Higgs boson decaying into a pair of b quarks, reconstructed as either a single 
merged jet or two resolved jets. A measurement of the process as predicted by the standard model (SM) is 
performed alongside a study of beyond-the-SM (BSM) scenarios. The SM analysis sets an observed (expected) 95% 
confidence level upper limit of 14.3 (9.9) on the ratio of the measured VBS WH cross section to that expected by 
the SM. The BSM analysis, conducted within the so-called 𝜅 framework, excludes all scenarios with 𝜆WZ < 0 that 
are consistent with current measurements, where 𝜆WZ = 𝜅W∕𝜅Z and 𝜅W and 𝜅Z are the HWW and HZZ coupling 
modifiers, respectively. The significance of the exclusion is beyond 5 standard deviations, and it is consistent 
with the SM expectation of 𝜆WZ = 1.

1. Introduction

Precise measurements of the Higgs boson couplings to the W and Z
bosons serve as critical tests of electroweak symmetry breaking in the 
standard model (SM) [1–6]. Within the 𝜅 framework [7], where the 
HWW and HZZ coupling modifiers are denoted as 𝜅W and 𝜅Z, respec-
tively, direct measurements of Higgs boson production and decay have 
tightly constrained the absolute values of 𝜅W and 𝜅Z [8,9]. However, 
the sign of 𝜆WZ = 𝜅W∕𝜅Z has not been probed directly.

A process sensitive to the interference between the HWW and HZZ
vertices is needed to extract the sign of 𝜆WZ. A natural choice is the 
production of a W boson and a Higgs boson (WH) via vector boson scat-
tering (VBS) [10], which proceeds primarily through the leading-order 
(LO) Feynman diagrams shown in Fig. 1. This is a rare SM process, but 
the cross section grows quadratically with 𝜅W or 𝜅Z and the kinematic 
distributions are different for the SM (𝜆WZ = 1), and 𝜆WZ < 0, where 
the W and Higgs bosons both receive a significant Lorentz boost. This is 
shown in Fig. 2, where the scalar sum of the transverse momentum (𝑝T) 
of the Higgs and W bosons is displayed for 𝜅Z = 1 and various values 
of 𝜅W.

⋆ E-mail address: cms-publication-committee-chair@cern.ch.

In this Letter, we present a study of the production of WH through 
VBS using the leptonic decay of the W boson to an electron or a muon, 
possibly also through an intermediate τ lepton, and the decay of the 
Higgs boson to bb. The study focuses both on the SM scenario, where 
𝜅W = 𝜅Z = 1, and on beyond-the-SM (BSM) scenarios, where 𝜆WZ < 0. 
The BSM analysis targets events where the Higgs boson decay to b
quarks is reconstructed as a single merged jet because of the Lorentz 
boost it receives, whereas the SM analysis targets events where the b
quarks from the Higgs boson are reconstructed as two resolved jets. The 
two scenarios are analyzed separately and use different methods. The 
study is based on data from proton-proton collisions at a center-of-mass 
energy of 13 Te V. The data were collected with the CMS detector [11] 
at the CERN LHC from 2016 to 2018, corresponding to an integrated 
luminosity of 138 fb−1. Tabulated results are provided in the HEPData 
record for this work [12].

2. The CMS detector and object reconstruction

The CMS apparatus [11,13] is a multipurpose, nearly hermetic de-
tector, designed to trigger on [14,15] and identify electrons, muons, 
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Fig. 1. Tree-level Feynman diagrams for the production of WH→ 𝓁νbb via VBS, where 𝓁 is an electron or muon. 

Fig. 2. Distributions of the scalar sum of the Higgs boson and W boson 𝑝T, as 
generated by MadGraph, for simulated signal events with 𝜅Z = 1 and the fol-
lowing 𝜅W values: 𝜅W = 1 (SM) in light blue (filled), 𝜅W = 0.5 in dark blue, 
𝜅W = 0 in yellow, and 𝜅W = −1 in gold. The highest bin also contains the over-
flows.

photons, and (charged and neutral) hadrons [16–18]. A global “particle-
flow” (PF) algorithm [19] aims to reconstruct all individual particles 
in an event (PF candidates), combining information provided by the 
all-silicon inner tracker and by the crystal electromagnetic and brass-
scintillator hadron calorimeters (ECAL and HCAL, respectively), oper-
ating inside a 3.8 T superconducting solenoid, with data from the gas-
ionization muon detectors embedded in the flux-return yoke outside the 
solenoid. The PF candidates are used to build τ leptons, jets, and miss-
ing transverse momentum [20–22]. Forward calorimeters, made of steel 
and quartz-fibers, extend the pseudorapidity coverage provided by the 
barrel and endcap detectors. More detailed descriptions of the CMS de-
tector, together with a definition of the coordinate system used and the 
relevant kinematic variables, can be found in Refs. [11,13].

Events of interest are collected using single-lepton triggers, where 
the charged lepton is required to be isolated from other significant detec-
tor activity and have 𝑝T exceeding a threshold that depends on the data-
taking period (year). The single-muon trigger requires 𝑝T > 24 (27) Ge V
in 2016 and 2018 (2017), whereas the single-electron trigger requires 
𝑝T > 27 (32) Ge V in 2016 (2017–18).

Muon candidates are reconstructed within the pseudorapidity range |𝜂| < 2.4 by combining the information from the silicon tracker and the 
muon chambers [17]. The muon candidates are also required to satisfy a 
set of quality criteria based on the number of hits measured in the silicon 
tracker and the muon system, the properties of the muon track, and the 

impact parameters of the track with respect to the primary vertex (PV) 
of the event, which is taken to be the vertex corresponding to the hardest 
scattering in the event, evaluated using tracking information alone, as 
described in Section 9.4.1 of Ref. [23].

Electron candidates within |𝜂| < 2.5 are reconstructed by associating 
fitted tracks in the silicon tracker with electromagnetic energy clusters 
in the ECAL [24]. Electron candidates are required to satisfy identifi-
cation criteria based on the shower shape of the energy deposit, the 
matching of the electron track to the ECAL energy cluster, the relative 
amount of energy deposited in the HCAL detector, and the consistency 
of the electron track with the PV. Electron candidates in the transition 
region between the ECAL barrel and endcaps, 1.44 < |𝜂| < 1.57, are dis-
carded because of suboptimal detector performance. Electron candidates 
identified as originating from photon conversions in the detector are also 
rejected.

Muons and electrons are required to be isolated from hadronic ac-
tivity in the event. The isolation value is defined by summing the 𝑝T
of all PF candidates originating from the PV in a cone of radius Δ𝑅 =√
(Δ𝜂)2 + (Δ𝜙)2 = 0.4 (0.3) around the muon (electron) track, where 𝜙

is the azimuthal angle in radians. The sum is corrected for the contri-
bution of neutral particles from additional interactions in the same or 
nearby bunch crossings (pileup) [17,24]. The relative isolation, defined 
as the isolation sum divided by the 𝑝T of the lepton, is used in selecting 
well-isolated electrons and muons.

Both the SM and BSM analyses use the “tight” identification crite-
ria described in Refs. [16,17] to further identify electrons and muons, 
respectively. The electron identification criteria use a boosted decision 
tree (BDT) trained to identify electrons based on their kinematic values 
and isolation, whereas muons are required to pass a set of selections, in-
cluding the requirement that their relative isolation be less than 0.15. In 
addition, a less stringent set of identification and isolation criteria, re-
ferred to as the “veto” criteria, are used to identify and reject additional 
leptons.

Jets are clustered using the anti-𝑘T algorithm [25,26] taking as input 
the PF candidates. The clustering algorithm is used with distance param-
eters of 0.4 and 0.8 to reconstruct so-called AK4 and AK8 jets, respec-
tively. The momenta of jets are corrected to mitigate the contributions 
of pileup particles, by discarding particles identified originating from 
pileup vertices and applying an offset correction to subtract the con-
tributions from neutral particles. Further corrections are derived from 
simulation and by performing in situ measurements of the momentum 
balance in data. The jet energy resolution amounts typically to 15–20% 
at 30 Ge V, 10% at 100 Ge V, and 5% at 1 Te V [21]. Additional selection 
criteria are applied to each jet to remove those potentially dominated 
by anomalous contributions from various subdetector components or 
reconstruction failures, while jets originating from pileup collisions are 
rejected via a multivariate discriminator [27]. The missing transverse 
momentum vector 𝑝miss

T is computed as the negative vector 𝑝T sum of 
all PF candidates reconstructed in the event. Its magnitude is denoted 
as 𝑝miss

T [22]. The 𝑝miss
T is modified to account for corrections to the 

energy scale of the reconstructed jets in the event. The corrections are 
propagated via the AK4 jet collection.
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The AK4 jets originating from b quark hadronization and decay (b
jets) are identified using DeepJet [28–30], a deep neural network whose 
inputs are the kinematic values of the jets and their constituents, includ-
ing secondary vertices associated with the jets. A requirement is placed 
on the output of DeepJet in order to classify jets as “b-tagged.” For 
the chosen working point, the efficiency to select b jets ranges from 71 
to 81%, depending on the 𝑝T and 𝜂 of the jet, and the rate for incor-
rectly tagging jets originating from the hadronization of gluons or light 
quarks is approximately 1%. Pairs of b-tagged AK4 jets are used to iden-
tify Higgs boson candidates in the SM analysis.

The AK8 jets are used to reconstruct the Higgs boson candidates 
in the BSM analysis. The mass-decorrelated 𝑋 → bb ParticleNet tag-
ger [31], a graph neural network that uses the constituents of an AK8 
jet to identify its source, is used to identify H→ bb candidates. The soft-
drop grooming algorithm [32] with angular exponent 𝛽 = 0 and soft 
radiation fraction 𝑧 = 0.1, also known as the modified mass-drop algo-
rithm [33], is applied to the AK8 jets to remove soft and wide-angle 
radiation when estimating the Higgs boson candidate mass. This esti-
mate of the mass is referred to as the soft-drop mass, or 𝑚SD , whereas 
the ungroomed jet mass is denoted as 𝑚.

3. Simulated event samples

We model VBS WH events at LO using the MadGraph5_amc@nlo
(v2.6.5) [34] Monte Carlo (MC) event generator, interfaced with the
pythia (v8.240) [35] program, which is responsible for the modeling 
of the boson decays. The SM cross section of the generated events is 
13 ± 1 fb after the W boson decays leptonically and the Higgs boson 
decays to bb. W decays that produce a muon or electron through an 
intermediate τ lepton are included in this sample and considered part 
of the signal. In order to study different 𝜆WZ scenarios, in addition to 
the SM value of 𝜅W = 𝜅Z = 1, we also generate events with 𝜅W = −1
and 𝜅Z = +1 to test the hypothesis 𝜆WZ = −1, by manually modifying 
the 𝜅W coupling. These BSM events are generated using a different 
version (v2.6.1) of MadGraph5_amc@nlo. With these same settings, 
a third VBS WH sample is generated using the MadGraph event-by-
event reweighting implementation, with a reweighting scheme for 625 
different values of 𝜅W and 𝜅Z in the range [−2,2], allowing for a two-
dimensional scan of the parameter space.

The main sources of background for both the SM and BSM analyses 
are t t and W+ jets production, because of the presence of at least one 
W boson and a high jet multiplicity. The tt background [36] is gener-
ated at next-to-leading-order (NLO) accuracy in perturbative quantum 
chromodynamics (QCD) with the powheg (v2.0) program [37–39]. The 
W+ jets background is generated with MadGraph5_amc@nlo (v2.6.5) 
at LO accuracy for up to 4 additional partons merged using the MLM 
matching scheme [40].

The largest subleading backgrounds for both the SM and BSM anal-
yses are diboson and single top quark production. Diboson events are 
generated with MadGraph5_amc@nlo at NLO with up to one addi-
tional parton, using the FxFx merging scheme [41], or with powheg
at NLO accuracy. The tW and 𝑡-channel single top quark processes are 
generated to NLO accuracy with powheg, whereas 𝑠-channel single top 
quark production is modeled with MadGraph5_amc@nlo (v2.6.5) at 
NLO accuracy [42–44].

We also consider backgrounds from VBS production of a W boson, 
quark-initiated WH, and Z+ jets production. The Z+ jets events are gen-
erated with the same settings used to generate W+ jets events. The VBS 
W background events are also generated with these settings, without 
any additional jets. Finally, quark-initiated WH production is generated 
at NLO QCD accuracy using the powheg event generator extended with 
the MiNLO procedure [45].

The generated matrix-element-level background events are inter-
faced with pythia v8.240 or later versions to model parton show-
ers and hadronization, as well as the underlying event. In the case 
of VBS WH production, we also use pythia, but with a dipole recoil 

scheme chosen to correctly emulate the color structure [46]. The gen-
eration of all samples is based on the CP5 tune [47] for pythia and 
the NNPDF v3.1 next-to-next-to-leading-order (NNLO) parton distribu-
tion functions (PDFs) [48,49]. Simulated pileup interactions are added 
to the hard-scattering process, with a multiplicity matched to the pileup 
profiles of the data. Finally, the response of the CMS detector is modeled 
with Geant4 [50].

4. Event selection and background estimation

The selection criteria that target the leptonic W boson decay, a sin-
gle electron or muon plus 𝑝miss

T from a neutrino, are common for the 
SM and BSM analyses. Events are required to contain a tight muon with 
𝑝T > 26 (30) Ge V in 2016 and 2018 (2017) data, or a tight electron with 
𝑝T > 30 (35) Ge V in 2016 (2017–18) data. Events are rejected if they con-
tain an additional electron or muon with 𝑝T > 10 Ge V that satisfies the 
veto criteria. Events are also required to have 𝑝miss

T larger than 30 Ge V. 
In addition, in both the SM and BSM analyses, events must contain at 
least two AK4 jets (the VBS signature jets) that are not b-tagged, do not 
overlap with the Higgs boson decay products, and satisfy 𝑝T > 30 Ge V, |𝜂| < 4.7, 𝑚jj > 500 Ge V, and |Δ𝜂jj| > 2.5, where 𝑚jj is the invariant mass 
of the dijet system and Δ𝜂jj is the difference in pseudorapidity between 
the jets.

The SM analysis is based on selecting two AK4 jets instead of a single 
AK8 jet to construct the Higgs boson candidate. Specifically, events are 
required to have two b-tagged AK4 jets with 𝑝T > 30 Ge V, |𝜂| < 2.5, and 
a dijet invariant mass (𝑚bb) in the range 50 <𝑚bb < 150 Ge V.

A BDT, referred to as the signal BDT, is employed to discriminate be-
tween the SM signal and the sum of all backgrounds. The signal events 
are assigned a target output of 1 and the background events are assigned 
a target output of 0. The BDT is trained using simulated events to regress 
the target output with the mean squared error loss function. The train-
ing and inference are performed with the XGBoost Python package [51]. 
The variables that are input to the signal BDT include the 𝑝T , 𝜂, and 𝜙
of the selected lepton and four jets; the 𝑝T and 𝜙 of 𝑝miss

T ; the b jet dis-
criminator value of the four selected jets; and 𝑚jj, Δ𝜂jj, and 𝑚bb. Finally, 
the SM signal region is defined by requiring the signal BDT output to be 
larger than 0.5, in addition to the 𝑚bb, 𝑚jj, and Δ𝜂jj selections already 
applied.

The background in the SM BDT output signal region is estimated 
from two control regions used to determine the overall rate of the W+
jets and t t processes. The distributions of these backgrounds, along with 
both the distributions and overall rates of other smaller backgrounds, 
are taken from simulation. The control region used to constrain the W+
jets process is defined by inverting the BDT output requirement for the 
signal region. In this control region, a second BDT, referred to as the 
W+ jets BDT, is trained to discriminate between W+ jets and all other 
processes using the same set of input variables as the signal BDT. Then, 
the W+ jets BDT distribution is used to extract the overall rate of W+
jets production. The control region used to constrain the t t process has 
the signal BDT output requirement removed and the signal region 𝑚jj
requirement modified to 100 <𝑚jj < 500 Ge V. In this control region, the 
𝑚jj distribution is fit to extract the overall t t production rate.

The signal region for the BSM analysis requires events to have one 
AK8 jet with 𝑝T > 300 Ge V, |𝜂| < 2.5, an 𝑋 → bb ParticleNet score 
greater than 0.9, 𝑚 > 50 Ge V, and 40 < 𝑚SD < 150 Ge V. Events are also 
required to have no b-tagged AK4 jets. Finally, each event must satisfy 
𝑝T(𝓁) + 𝑝miss

T + 𝑝T(H→ bb jet) > 900 Ge V, and the requirements on the 
VBS jets are increased to 𝑚jj > 600 Ge V and |Δ𝜂jj| > 4.

The background in the BSM signal region is estimated using a modi-
fication of the “ABCD” method (e.g. [52,53]), where two approximately 
independent variables are used to define four orthogonal regions: re-
gion A, the signal region, and regions B, C, and D, which are dominated 
by background events. In this work, Δ𝜂jj and 𝑚SD are used, such that 
inverting one or both selections on each variable gives the background-
dominated regions: |Δ𝜂jj| ≤ 4 and 𝑚SD < 150 Ge V for region B, |Δ𝜂jj| > 4
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Table 1
The background yield estimated from data and the 
signal yield predicted by MC simulation for the 𝜅W =
−1, 𝜅Z = 1 scenario, and for another example sce-
nario (𝜅W = 0, 𝜅Z = 1) in the BSM signal region are 
shown with their associated statistical and system-
atic uncertainties. The systematic uncertainty in the 
signal yield quoted here is the sum in quadrature 
of the independent relative systematic uncertainties. 
The observed data yield is also tabulated.

Type Yield Uncertainty 
Stat. Syst. 

VBS WH (𝜅𝑊 = −1, 𝜅𝑍 = 1) 366 3 68 
VBS WH (𝜅𝑊 = 0, 𝜅𝑍 = 1) 89 2 17 
Background 108 14 14 
Observed data 130 

and 𝑚SD ≥ 150 Ge V for region C, and |Δ𝜂jj| ≤ 4 and 𝑚SD ≥ 150 Ge V for 
region D. The predicted background yield in the signal region 𝐴pred

data
is 

then obtained by the following relation:

𝐴
pred
data

=
(
𝐵data

𝐶data

𝐷data

)(
𝐴MC∕𝐵MC
𝐶MC∕𝐷MC

)
,

where 𝐵data, 𝐶data, and 𝐷data are the yields of the three regions in data, 
and the simulated background yields 𝐴MC, 𝐵MC, 𝐶MC, and 𝐷MC are 
used as a correction (right term) to the standard method (left term). 
This correction accounts for a small correlation between Δ𝜂jj and 𝑚SD
for background events that causes an 11% discrepancy between the 
ABCD prediction in simulation and 𝐴MC. This discrepancy is taken as a 
baseline for the systematic uncertainty in the prediction. However, the 
background composition varies across regions A, B, C, and D, and it is 
not known to high precision. As a result, the baseline systematic uncer-
tainty is extended by varying the subleading backgrounds within their 
respective uncertainties, representing scenarios in which the contribu-
tions from each background are larger or smaller, and recalculating the 
discrepancy of the method.

Based on studies of the discrepancy in the various scenarios, we as-
sign a systematic uncertainty of 13% in the background prediction. The 
yields in the BSM signal region, with 𝜅W = −1, 𝜅Z = 1, are tabulated in 
Table 1 and the yields in regions A, B, C, and D are shown in Fig. 3. 
Another example scenario (𝜅W = 0, 𝜅Z = 1), where the signal sample 
is generated using the MadGraph event-by-event reweighting, is re-
ported.

5. Systematic uncertainties

Results are obtained from binned maximum likelihood fits of the 
signal and predicted background expectations to the data yields [54]. 
Three distributions—𝑚jj in the t t control region, the W+ jets BDT in the 
W+ jets control region, and the signal BDT in the signal region—are fit 
simultaneously in the SM analysis, whereas a single-bin counting exper-
iment is performed for the BSM analysis. Several sources of systematic 
uncertainties are estimated for these measurements. Systematic uncer-
tainties are treated as nuisance parameters with either Gaussian function 
priors (shape uncertainties) for the SM analysis, or log-normal function 
priors (normalization uncertainties) for the BSM analysis, and are in-
cluded in the likelihood function. Theoretical sources of uncertainty 
include the renormalization and factorization scales (𝜇R and 𝜇F, respec-
tively), the PDFs, and the modeling of initial- and final-state radiation. 
Experimental sources of uncertainty include the single-lepton trigger 
efficiency, lepton identification efficiency, jet energy scale and resolu-
tion [21], DeepJet b-tagging efficiency, ParticleNet 𝑋 → bb tagger 
efficiency, and integrated luminosity measurement [55–57]. In the SM 
analysis, the finite statistical power of the simulated samples is consid-
ered as a source of uncertainty using the Barlow-Beeston method [58]. In 

Fig. 3. Event yields observed in the data (black points) for regions A, B, C, and 
D of the BSM analysis, where region A is the signal region. The simulated SM 
background event yields in the control regions B, C, and D are shown in light 
blue. The background in the signal region estimated from data in regions B, C, 
and D is plotted in dark blue. The lower panel shows the ratio of the data to the 
estimated background yields. The vertical bars on the points give the statistical 
uncertainty in the data, while the gray and hatched areas represent the statistical 
and total uncertainties in the estimated backgrounds, respectively.

the BSM analysis, the statistical uncertainties in the background estima-
tion method and the signal simulation are considered as two additional 
log-normal constraints. The leading systematic uncertainty in the SM 
signal yield comes from the uncertainty in the b jet tagging efficiency 
due to the purity of the b jet enriched region where the efficiency is 
measured in data. The rate of non-b jets in this region is subtracted 
based on simulation, so the uncertainty is determined by varying the 
size of the subtraction up and down by 20% [28]. The leading system-
atic uncertainty in the BSM signal yield comes from the variation of 
𝜇F. In particular, 𝜇F is varied up and down by a factor of 2, and the 
largest difference in the signal yield is taken as the systematic uncer-
tainty.

6. Results

The BDT distribution in the signal region for the SM analysis is 
shown in Fig. 4. The observed (expected) signal strength, the rate of 
the VBS WH signal relative to the SM, is 2.2+6.1−5.8 (1.0

+4.8
−4.1). The observed 

(expected) signal significance is 0.34𝜎 (0.22𝜎), where 𝜎 is a stan-
dard deviation. Finally, the observed (expected) 95% confidence level 
CLs [59,60] upper limit is 14.3 (9.9) times the SM prediction.

The limits in the BSM analysis are set following the procedure de-
scribed in Section 3.2 of Ref. [61]. We find that the scenario where 
𝜆WZ = 𝜅W∕𝜅Z = −1, with |𝜅W| = 1 and |𝜅Z| = 1, is excluded at a confi-
dence level (CL) higher than 99.99%, with an expected and observed sig-
nificance beyond 5𝜎. This procedure is repeated for 625 different values 
of 𝜅W and 𝜅Z. The exclusion significance regions in the two-dimensional 
𝜅W-𝜅Z plane are shown in Fig. 5. The observed 95% CL (2𝜎) and 99.99% 
(5𝜎) contours are given by the dark and light blue colors, respectively, 
while the expected contours are given by the labeled yellow lines. The 
contours correspond to the conditions −2Δlog𝐿 < 6.18 and <28.7, re-
spectively, where 𝐿 is the value of the likelihood function. We find that 
all of the opposite sign scenarios with 𝜅W and 𝜅Z values compatible with 
the current measurements, |𝜅W| = 1.02±0.08 and |𝜅Z| = 1.04±0.07 [8], 
are excluded at a CL higher than 99.99%.
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Fig. 4. Observed and expected distributions of the BDT output in the signal 
region of the SM analysis. The data are shown by the points and the expected 
contributions from the various sources after the fit to the data by the colored his-
tograms. The lower plot displays the ratio of the data to the sum of the predicted 
distributions. The vertical bars on the points indicate the statistical uncertainty 
in the data, and the hatched regions show the systematic uncertainty in the sum 
of the predicted yields. The rightmost bin includes overflow.

Fig. 5. The >95% (2𝜎) and >99.99% (5𝜎) exclusion regions in the two-
dimensional 𝜅W-𝜅Z plane are shown by the dark and light blue colors, respec-
tively. Previous CMS measurements of the magnitude of 𝜅W and 𝜅Z at the 95% 
CL [8] are represented by the horizontal and vertical bars, and the SM expecta-
tion is given by the gold star.

7. Summary

In this Letter, we have reported the first study of WH production 
through vector boson scattering (VBS) using 138 fb−1 of data recorded 
with the CMS detector at the LHC between 2016 and 2018 at a center-
of-mass energy of 13 Te V. We focused on both the standard model (SM) 
scenario and scenarios where 𝜆WZ = 𝜅W∕𝜅Z, with 𝜅W and 𝜅Z being the 

HWW and HZZ coupling modifiers, respectively, is modified from the 
SM value of 1. Events were selected by requiring exactly one isolated 
charged lepton (electron or muon) and the magnitude of the missing 
transverse momentum 𝑝miss

T being consistent with the W boson lep-
tonic decay, two jets consistent with a VBS interaction, and one or two 
additional jets consistent with the Higgs boson decay to bb. Assum-
ing a signal with SM features, the observed (expected) ratio between 
the measured rate of VBS WH and the expectation from the SM is 
2.2+6.1−5.8 (1.0

+4.8
−4.1), corresponding to an observed (expected) 95% confi-

dence level upper limit of 14.3 (9.9) times the SM prediction. The BSM 
scenario where 𝜆WZ = −1, with |𝜅W| = |𝜅Z| = 1, and all the opposite-
sign scenarios with 𝜅W and 𝜅Z values compatible with the current 
measurements are excluded with a significance greater than 5 standard 
deviations, corresponding to a confidence level higher than 99.99%.
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