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A search is conducted for standard model Higgs bosons with large transverse momentum (p;) decaying to bottom
quark pairs and produced in association with a hadronically decaying W or Z boson at the LHC. The result is based
on a dataset of proton-proton collisions at a center-of-mass energy of 13 TeVcollected with the CMS detector in
2016-2018, corresponding to an integrated luminosity of 138fb™". Boosted Higgs, W, and Z boson decays are
reconstructed using large-radius jets with p; > 450 GeV and identified with heavy-flavor classifiers based on a

graph convolutional neural network. The observed signal strength relative to the standard model expectation is
u = 0.72%7 including statistical and systematic uncertainties.
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1. Introduction

The observation of a Higgs boson (H) consistent with the standard
model (SM) expectation in 2012 [1-3] and subsequent measurements
of its properties [4,5] have advanced our understanding of electroweak
(EW) symmetry breaking and the origin of particle masses [6-13]. The
H has been observed at the CERN LHC in its main production processes
and several decay channels.

The dominant H production mechanism at the LHC is gluon fu-
sion (ggH), contributing about 87% of the inclusive H cross section
at 4/s = 13 TeV. However, its relative contribution decreases with in-
creasing py [14]. In contrast, the relative fraction of vector boson fusion
(VBF) shows minimal p; dependence, while the relative fraction of asso-
ciated production with vector bosons (VH, V = W or Z) increases at high
pr- Therefore, precise measurements of the VH process could uncover
beyond-the-SM (BSM) phenomena in the H sector, which may appear
more prominently at high py [15-17].

The decay of an H into a bottom quark-antiquark pair (H — bb) is
particularly well suited for studying boosted (high-p) H production be-
cause of its large branching fraction of 58% [18]. Furthermore, at high
pr, the H — bb decay products are reconstructed as a single large-radius
jet, enabling the use of jet substructure and flavor-tagging observables
to identify the boosted H candidate and suppress the dominant multijet
background.

Searches for VH production with H — bb have been performed at
the LHC in leptonic V decay channels [19,20], while the hadronic V de-
cay channel has so far been explored only by ATLAS [21]; this analysis
constitutes the first such search at CMS. Furthermore, this channel has
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been used to constrain BSM phenomena within an effective field theory
framework [22]. Other boosted H — bb measurements have targeted the
ggH [23,24] and VBF [25] processes. The excess of 2.7 standard devi-
ations (o) with respect to SM predictions observed in the previous VBF
analysis [25] motivates further exploration of the VH process, as it could
be explained by enhanced couplings of the H to vector bosons.

This work extends CMS high-p; H measurements in the H — bb chan-
nel to VH production in final states with a hadronic W or Z decay, V(qq).
The search uses a dataset of proton-proton (pp) collisions at \/E =13TeV
collected by the CMS experiment at the LHC in 2016-2018, correspond-
ing to an integrated luminosity of 138 fb~' [26-28]. The same strategy
is also used to measure V(qq)Z(bb) production simultaneously as a vali-
dation of the method.

2. The CMS detector

The CMS apparatus [29,30] is a multipurpose, nearly hermetic de-
tector, designed to trigger on [31-33] and identify electrons, muons,
photons, and hadrons [34-36]. Its central feature is a superconducting
solenoid of 6 m internal diameter, providing a magnetic field of 3.8 T.
Within the solenoid volume are a silicon pixel and strip tracker, a lead
tungstate crystal electromagnetic calorimeter, and a brass and scintil-
lator hadron calorimeter, each composed of a barrel and two endcap
sections. Forward calorimeters extend the pseudorapidity (1) coverage
provided by the barrel and endcap detectors. Muons are reconstructed
using gas-ionization detectors embedded in the steel flux-return yoke
outside the solenoid. More detailed descriptions of the CMS detector,
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together with a definition of the coordinate system used and the rele-
vant kinematic variables, can be found in refs. [29,30].

A two-tiered trigger system selects events of interest. The first level,
implemented in hardware, reduces the rate to about 100kHz within
4 us [31]. The high-level trigger, implemented in software, further re-
duces the rate to about 1 kHz before data storage [32,33].

The dataset used here is divided into four periods: early 2016, late
2016, 2017, and 2018. These divisions reflect the 2017 tracking detector
upgrade, variations in accelerator and detector conditions, and updates
to reconstruction and calibration procedures. The 2016 data are fur-
ther split into early and late periods to account for a mid-year change
in strip-tracker operating conditions that significantly affected tracking
performance [37].

3. Simulated samples

Signal and background events are simulated using various Monte
Carlo (MC) event generators, with the CMS detector response mod-
eled by GEANT4 [38]. Independent samples are produced for each
data-taking period using identical generator settings and incorporating
changes in running conditions.

The background from quantum chromodynamics (QCD) multijet pro-
cesses, i.e. events consisting of multiple hadronic jets produced via the
strong interaction, is generated at leading order (LO) accuracy with
MADGRAPH5_ aMC@NLO 2.6 [39,40] using up to four partons in the
matrix element calculation. The W +jets and Z + jets processes are also
simulated at LO with MADGRAPH5_aMC@NLO, including decays to all
flavors of quarks and up to three and four additional partons at the ma-
trix element level for W +jets and Z+ jets, respectively. The samples
are corrected as a function of the boson p; to match higher-order pre-
dictions. The QCD next-to-LO (NLO) corrections are derived with MAD-
GRAPH5_aMC@NLO, simulating W and Z boson production with up to
two additional partons. The EW NLO corrections are taken from theo-
retical calculations described in refs. [41-44].

Diboson processes (WW, WZ, and ZZ) are generated at LO accuracy
with PYTHIA 8.240 [45] and corrected to next-to-NLO (NNLO) cross sec-
tions using MCFM 7.0 [46]. Top quark pair and single-top processes are
modeled at NLO in QCD with POWHEG 2.0 [47-51].

The ggH process is simulated with HIMINLO [52,53], including fi-
nite top quark mass effects [54] as recommended in ref. [14]. The
POWHEG V2 generator [55-57] is used for VBF H production, VH, and
ttH at NLO. The VBF sample is reweighted to NNLO in the p; spec-
trum and next-to-NNLO accuracy in the inclusive cross section [58,59].
These corrections have a negligible effect on the yield of this process for
events with H pr > 450 GeV. Electroweak corrections are applied to the
VBF, VH, and ttH samples [14].

Parton showering and hadronization are modeled with PYTHIA using
the CP5 tune [60]. Jets from the parton shower are matched to those
from the matrix element calculations using the MLM [61] and FXFX [62]
schemes for LO and NLO samples, respectively. The NNPDF3.1 [63] set
of parton distribution functions (PDF) at NNLO accuracy is used for all
processes. To account for additional pp interactions occurring in the
same or nearby LHC bunch crossings (pileup), the PYTHIA generator is
employed. All MC samples include effects of pileup by overlaying simu-
lated minimum bias events on the hard-scattering event, with the mul-
tiplicity distribution matching that observed in data.

4. Event reconstruction and selection

A particle-flow (PF) algorithm [64] aims to reconstruct and identify
each individual particle in an event (PF candidate) using an optimized
combination of information from the various elements of the CMS de-
tector. The primary vertex is defined as the one most consistent with
the hardest scattering in the event, as determined from tracking infor-
mation [36,65].
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Jets are formed from PF candidates using the anti-k clustering algo-
rithm [66], as implemented in FASTJET [67]. Small-radius (AK4) jets use
a distance parameter of 0.4, and large-radius (AK8) jets use 0.8 [68]. The
AKS jets are used to reconstruct and select the boosted H and V boson
candidates through their collimated hadronic decays, while AK4 jets en-
ter event-level kinematic selections such as the Hy trigger requirement
and jet multiplicity vetoes. Jet momentum is calculated as the vector
sum of all particle momenta in the jet.

Pileup interactions can contribute additional tracks and calorimet-
ric energy depositions, increasing the apparent jet momentum. For
AK4 jets, tracks identified to be originating from pileup vertices are
discarded and an offset correction is applied to account for remain-
ing contributions [69]. For AKS8 jets, the pileup-per-particle identifi-
cation algorithm [69,70] is used to mitigate the effect of pileup at
the reconstructed-particle level, making use of local shape information,
event pileup properties, and tracking information. Jet energy correc-
tions are derived from simulation studies so that the average measured
energy of jets becomes identical to that of particle level jets. In-situ mea-
surements of the momentum balance in dijet, Z+ jet, photon +jet, and
multijet events are used to determine any residual differences between
the jet energy scale in data and simulation, and appropriate corrections
are made [71]. Additional selection criteria are applied to each jet to re-
move jets potentially dominated by instrumental effects or reconstruc-
tion failures [69].

Events are selected by triggers requiring either an AK8 jet with large
pr or a minimum event Hr, defined as the scalar p; sum of all AK4
jets with pp > 30GeV and |n| < 3. These triggers are about 90% effi-
cient for jets with 450 < pr < 500 GeV, |5| < 2.5, and fully efficient above
500 GeV.

Offline, exactly two AKS8 jets, corresponding to the boosted H and
W/Z bosons, are required with pr > 450GeV and [y < 2.5. They must
pass tight jet identification requirements [68] and be separated from

any isolated leptons or photons by AR = VA2 + A¢? > 0.8, where Ar
and A¢ are the differences in pseudorapidity and azimuthal angle, re-
spectively. Jets must satisfy —6.0 < p = 2In(mgp/pr) < —2.1, where py is
the jet transverse momentum and mgp, is the groomed jet mass obtained
with the soft drop algorithm, which removes soft, wide-angle radiation,
using parameters z.,, = 0.1 and g =0 [72]. The lower p threshold re-
moves regions where nonperturbative effects are poorly modeled, and
the upper p threshold removes jets where the constituents are not fully
contained by the jet cone. The soft drop algorithm reduces contamina-
tion from underlying events and pileup, improving the jet mass resolu-
tion to about 10% for boosted two-prong jets and stabilizing the mass
response across a wide range of jet momenta.

To suppress the background contribution from semi- and di-leptonic
tt decays, events are required to contain no isolated leptons. The rel-
ative isolation variable for electrons (muons) is defined as the scalar
sum pr of charged hadrons and neutral particles within a cone of ra-
dius AR =0.3 (0.4) around the lepton, corrected for pileup and di-
vided by the lepton p;. For the purpose of this veto, electrons must
have p; > 10GeV, |5| < 2.5, pass loose identification criteria [34], and
have relative isolation less than 0.15. Muons must have pr > 10GeV,
|n| < 2.4, pass loose identification criteria [35], and have relative iso-
lation less than 0.25. Hadronically decaying tau leptons, 7;,, must have
pr > 20GeV, |n| < 2.3, and pass the DEEPTAU algorithm identification
requirements [73]. Events are also require;d to have p‘TniSS < 140 GeV. The
missing transverse momentum vector j;"'* is computed as the negative
vector sum of the transverse momenta of all the PF candidates in an
event, and its magnitude is denoted as p?‘i” [74]. The ﬁ;niss is modified
to account for corrections to the energy scale of the reconstructed jets
in the event. In order to reduce the contribution from fully hadronic tt
decays, events are also vetoed if they have six or more AK4 jets with
pr > 30GeV and |n| < 5.

The two selected AK8 jets are designated as the H and V can-
didates. The flavor properties of each jet are determined using the
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mass-decorrelated (MD) version of the PARTICLENET algorithm [75].
This version of the tagger, denoted PARTICLENET-MD, is trained on sim-
ulated jets with uniform distributions in mass and p to minimize depen-
dence of the jet selection on its mass. The PARTICLENET-MD classifier
assigns four scores to each AKS8 jet, p(X = bb), p(X = c¢), p(X = qq), and
p(QCD), corresponding to four categories: three for a boson X decaying
to bottom, charm, or light quarks, and one for generic QCD background
jets not consistent with the targeted two-prong boson-decay topology.
The scores sum to unity. Discriminants formed from these scores are
used to classify the AK8 jets and to suppress the QCD background.

The H candidate (Jet 1) is chosen to be the jet with the higher dis-
criminant D(bb vs. c&, qq), where

p(X = bb)

D(bb vs. ¢, qq) = = :
p(X = bb) + p(X - ¢€) + p(X — qq)

The other selected AK8 jet (Jet 2) is designated as the V candidate.
Events where the V candidate jet has a high p(QCD) score are discarded,
where the p(QCD) threshold corresponds to a signal efficiency of 25%
and a misidentification rate of 3% on QCD jets [75]. Events are divided
into three categories based on the mgy, of the V candidate jet: 40-68 GeV,
68-110 GeV, and 110-201 GeV. The middle category contains the peak
corresponding to the V boson, while the others serve as sideband control
regions (CRs) that constrain backgrounds containing only one hadronic
decay of a heavy particle.

A second flavor discriminant, D(bb vs. QCD), is used to determine
whether the H candidate jet originates from a heavy particle decaying
to two b quarks. This discriminant is defined as a ratio of PARTICLENET-
MD classifier scores:

p(X — bb)
p(X = bb) + p(QCD)
Events that have high D(bb vs. QCD), above the threshold correspond-
ing to 40% X — bb signal efficiency [75], enter the signal region (SR).
Events with lower D(bb vs. QCD) form a CR dominated by QCD multijet
processes, which is used to estimate the background contribution from
QCD.

D(bb vs. QCD) =

5. Background estimation

The QCD multijet process is the dominant background in all analy-
sis categories. Significant resonant backgrounds arise from W +jets and
Z+jets processes, where the two-prong decay of a high-p; vector bo-
son is mistagged as a H candidate. The tt process and single top quarks
produced in association with a W boson form nonresonant backgrounds,
where the decay of a high-p top quark is reconstructed as a large-radius
jet and passes the H candidate selection. Additional minor backgrounds
arise from other H production processes (ggH, VBF, and ttH). The QCD
multijet and top quark backgrounds are determined with data in CRs,
while the other backgrounds are estimated using simulation.

5.1. Multijet background

The QCD multijet background in the SR is estimated from data using
events failing the D(bb vs. QCD) requirement, referred to as the QCD
CR. The shape of the H candidate mgy, distribution of QCD background
in the SR is taken from the QCD CR and multiplied by a parametric
transfer factor, T F(mgp), to account for shape differences due to the
D(bb vs. QCD) requirement and differences in the tagger performance
between data and simulation. The coefficients of this transfer factor are
freely floating parameters determined directly from a simultaneous max-
imum likelihood fit to data in the signal and control regions.

The QCD multijet background yield in the SR is

Nsr(msp) = Ricp NEaP(mgpy) T F(mgp),

where Rg"RC/CR is the ratio of the QCD MC event yield in the SR and

CR, Ngﬁta is the number of data events minus the number of predicted
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non-QCD background events in the QCD CR, and 7 F(mgp) is the trans-
fer factor that accounts for shape differences between the CR and SR.
The same transfer factor is applied to all three bins in the V candidate
mgp, allowing the sideband regions to help constrain the QCD back-
ground. Independent transfer factors are defined for each data-taking
period. Each transfer factor is defined as a Bernstein polynomial [25] in
log(mgp /GeV), and a first-order polynomial is determined to be optimal
for all data-taking periods using a Fisher F-test [76]. The transfer factor
is therefore defined as

T F(mgp) = a(l — log(mgp, /GeV)) + blog(mgp /GeV),

where the values of the coefficients a and b are obtained in the simul-
taneous fit to data described in Section 7. Alternative functional forms
for T F(mgp) were tested and found to have a negligible impact on the
final result.

5.2. Vector boson backgrounds

Resonant backgrounds due to V +jets and diboson processes are es-
timated using simulation. A W-enriched CR, distinct from the top quark
CR described later, is used to calibrate jet mass scale and resolution,
and to determine the efficiency of the PARTICLENET-MD p(QCD) selec-
tion requirement on the W candidate jet.

Events in this CR are collected with single-muon triggers. Offline,
events are required to have one muon with p; > 53 GeV, |y| < 2.1, rela-
tive isolation less than 0.15, p'T“iSS > 40 GeV, no additional leptons, and
an AK8 jet with p; > 450 GeV passing the baseline kinematic, identifica-
tion, and isolation requirements described in Section 4. The event must
also contain at least one AK4 jet with pr > 50 GeV and |5| < 2.5 that is
separated by AR > 0.8 from the AKS8 jet and b-tagged using the DEEPJET
algorithm [77,78]. This CR contains a high fraction of tt events where
one top quark decays semi-leptonically and the other to a boosted W
boson.

Template mgp, distributions are derived from simulation in two re-
gions based on whether the AK8 jet passes or fails the p(QCD) require-
ment. The templates in each region correspond to events that contain a
W boson and events that do not. For the former, variations of the mgp,
scale and resolution are calculated using linear morphing [79].

An independent fit to data in this CR, separate from the simulta-
neous signal extraction described in Section 7, is performed to extract
three corrections. The fit is evaluated simultaneously on the mgp, distri-
butions in regions passing and failing the p(OC D) selection. In this fit,
jets successfully matched to a hadronic W decay form a resonant mass
peak, which constrains the jet mass scale shift and resolution, while
the relative yield of W-boson jets between the pass and fail regions de-
termines the p(QCD) selection efficiency. The corrections are derived
independently for each data-taking period. The measured p(QCD) effi-
ciency ranges from 0.70 to 0.89 with relative uncertainties of 7 to 16%,
depending on the data-taking period. The jet mass scale correction is
consistent with unity, with uncertainties of 200-300 MeV. The jet mass
resolution scale factor ranges from 1.14 to 1.25, with uncertainties of
0.13-0.38.

5.3. Top quark backgrounds

Top quark processes constitute a nonresonant component of the
background. The shapes of the mgp, distributions in tt and single top
quark processes are estimated from simulation. The normalizations of
the tt and single top quark backgrounds, as well as the efficiency of the
D(bb vs. QCD) requirement on top quark jets, are constrained using a
CR targeting tt events, where one top quark decays via t — W(uv)b and
the other decays hadronically. Events in this CR are required to have
exactly one muon with p; > 55GeV, |5| < 2.1, and relative isolation less
than 0.25; no electrons or 7;; at least one AK4 jet b-tagged with DEEP-
JET; and one AKS jet with p; > 450 GeV and |7| < 2.5. The b-tagged AK4
jet must be separated from the AK8 jet by AR > 0.8. This region is about
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Fig. 1. The H candidate mg, distribution in the D(bb vs. QCD) fail (left) and pass region (right), both in the category with V candidate mass between 68 and 110 GeV.
The lower panels show residuals normalized to the data statistical uncertainty, yielding unit error bars. Agreement in the fail region (left) is by construction, as the
QCD background is derived directly from the data. The grey bands represent the systematic uncertainty in the background prediction. The V(qq)Z(bb) process is
separated from other V(qq)V(qq) processes since it is used to validate the analysis strategy.

80% pure in tt, with small contributions from QCD, W +jets, Z+ jets,
and single top quark processes. The region is split into passing and fail-
ing D(bb vs. QCD) categories, and both are fitted simultaneously with
the SR during the signal extraction. The resulting scale factors for the
normalizations and the efficiency of the D(bb vs. QCD) requirement are
consistent with unity.

6. Systematic uncertainties

Systematic uncertainties account for possible mismodeling of the
background and signal processes. They are included as nuisance param-
eters in the signal extraction procedure and treated according to the
frequentist paradigm [80].

The dominant systematic uncertainty arises from the modeling of the
QCD multijet background, specifically from the coefficients of T F(mgp)
that are left unconstrained in the fit. Additional small experimental sys-
tematic uncertainties are included, amounting to less than a few percent.
The uncertainties in the jet mgp, scale and resolution derived from the W
boson-enriched CR are propagated to all resonant processes using linear
morphing of the templates, and the uncertainty in the p(QCD) tagging
efficiency is propagated to the normalizations of the VH and VV pro-
cesses. The integrated luminosities for the 2016, 2017, and 2018 data-
taking years have 1.2-2.5% individual uncertainties, while the overall
uncertainty is 1.6% [26—28]. The jet energy scale and resolution uncer-
tainties range from 0.5 to 4.0%, and are treated as independent from
the mgp uncertainties. Variations in the amount of pileup obtained by
adjusting the total inelastic cross section, modeling of the trigger effi-
ciency, and the isolation and identification of the vetoed leptons are also
considered, and contribute only a few percent to the total uncertainty.

Theoretical uncertainties are included in the final fit to account for
inaccuracy in the modeling of SM processes. The dominant theoretical
uncertainty is due to the renormalization and factorization scales cho-
sen for the simulated H and diboson samples. These uncertainties are
applied to the H and diboson processes and are assessed by varying the
scales up and down by factors of two, while keeping their ratio between
0.5 and 2. This uncertainty is propagated to the total expected yield of
the VH and VZ processes according to the prescription recommended in
ref. [14]. Uncertainties in the signal processes due to initial- and final-
state radiation are also calculated by varying the renormalization scale

and nonsingular term using the PYTHIA showering algorithm [81]. The
Hessian PDF uncertainty is also applied to signal yield, according to the
prescription of ref. [82].

Theoretical uncertainties in the W+ jets and Z+ jets processes ac-
count for missing higher-order QCD and mixed QCD-EW effects beyond
the corrections described in Section 3, following the prescription of
ref. [44]. All theoretical uncertainties are considered to be correlated
across data-taking periods, and experimental systematic uncertainties
are considered to be uncorrelated, with the exception of correlated com-
ponents of the uncertainties in the integrated luminosity.

Beyond the dominant uncertainty from the QCD background mod-
eling, subleading contributions originate from jet-mass scale and reso-
lution calibrations, as well as from the top-quark background normal-
ization and pass/fail efficiency constrained in the muon CR. Tagger-
efficiency scale factors have smaller effects and are only weakly con-
strained. Theoretical and luminosity uncertainties primarily affect the
overall normalization and have a negligible impact on the fitted signal
strength. The precision on the signal strength is ultimately limited by
the amount of data available, in particular by the finite sideband sam-
ple constraining the QCD yield beneath the H mass peak through the
transfer factor.

7. Results

A binned maximum likelihood fit to the observed H candidate mgy,
distributions is performed using the sum of the signal and background
contributions. The test statistic chosen to determine the signal yield is
based on the profile likelihood ratio [80]. The fit is performed simulta-
neously using the D(bb vs. QCD) pass and fail regions for all three bins
in the V boson candidate mass and the tt CR, and for all four data-
taking periods. The results have been obtained using the CMS statistical
analysis tool COMBINE [83], which is based on the ROOFIT [84] and
ROOSTATS [85] frameworks.

The observed data and fitted mgp, distributions in the D(bb vs. QCD)
fail and pass regions are shown in Fig. 1 for the category where the
V candidate has mg;, between 68 and 110GeV. The V mass side-
bands (V candidate mgp in the ranges 40-68 and 110-201 GeV) are
shown in Fig. 2. The near-perfect model agreement with data in the
fail regions is by construction: these regions dominate the QCD back-
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Fig. 2. The H candidate mgy, distribution in the D(bb vs. QCD) fail (left) and pass region (right) regions, in the category where the V candidate mygy, is in the range
40-68 GeV (upper) and 110-201 GeV (lower). Other details are as described in the caption of Fig. 1.

ground determination due to the large event count compared to the pass
regions.

The background in both the D(bb vs. QCD) fail and pass regions is
dominated by QCD. In the D(bb vs. QCD) pass region, the tt background
exhibits a peak in the mgp, of the H candidate near the top quark mass
of 173 GeV. This peak corresponds to the decay of a highly boosted top
quark, where the H candidate jet (Jet 1) captures most of the decay prod-
ucts. The large fraction of tt events entering the highest V mass category
(Fig. 2, lower right), where the top quark peak is especially prominent,
corresponds to events where two boosted top quarks are captured in the
two selected AKS jets.

The contribution of Z(bb) + jets production to the background in the
D(bb vs. QCD) pass region is clearly visible at the Z mass peak for all
three V mass categories. Mistagged W and Z decays to light quarks and
diboson processes also comprise a small portion of the background. In
particular, the V(qq)Z(bb) process generally satisfies the same selection
criteria as the V(qq)H(bb) signal, and therefore it is used to validate the
analysis strategy.

The best fit value of the VH signal strength (uyy), defined as the
ratio of the measured to the SM expected cross section times H — bb
branching fraction, and an approximate 68% confidence level interval

Table 1

Fitted signal strengths and their total uncer-
tainties for the VH and VZ processes, shown
individually for each data-taking period and
for the combined dataset.

b

Hvn Hvz

Early 2016 195 102733 -0.15477
Late 2016 168 1. 34*2 e —0.83j;§§
2017 415 o.ooj{-fg 1.20%)28
122 092

2018 59.8  1.04*10 040700
Combined 138.0 07257 0.09+063

—0.71 —0.63

are extracted following ref. [86]. The signal strength of the V(qq)Z(bb)
process (uyy) is extracted simultaneously with pyy.

The fitted signal strengths for VH and VZ production are extracted
separately for the four data-taking periods, and a combined fit over the
full dataset is performed for the final result. The ggH, VBF, and ttH
processes are fixed to their SM predictions. The results are summarized
in Table 1. The observed (expected) signal strength for the VH process is

syy = 0. 72+8 ;? (1. 00*8 ‘6’;), and the observed (expected) signal strength
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for the VZ process is uy, = 0.09%0%3 (1.00703%). This corresponds to an
observed (expected) significance with respect to the background-only
hypothesis of 1.00 (1.64) ¢ for the V(qq)H(bb) process and 0.15 (1.76)
o for the V(qq)Z(bb) process. Tabulated results are provided in the HEP-

Data record for this analysis [87].

8. Summary

A search for standard model Higgs boson (H) candidates with high
transverse momentum (py) decaying to bottom quark pairs (bb) in as-
sociation with a hadronically decaying W or Z (V) boson at the LHC
has been presented. The analysis identifies collision events containing
boosted hadronic jets with pr > 450 GeV and with substructure and fla-
vor properties characteristic of H — bb and hadronic V decays. The
signal strength for the V(qq)H(bb) process extracted from a maximum
likelihood fit to the data in the large-radius jet mass distribution is
pyy = 072707 including statistical and systematic uncertainties. This
corresponds to a significance of 1.00 standard deviations (¢), compared
to 1.64 o expected. The sensitivity of this measurement is primarily lim-
ited by the amount of data available.
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