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4University of Science and Technology of China, Hefei, People’s Republic of China
5Universidad de los Andes, Bogotá, Colombia
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13LAL, Université Paris-Sud, CNRS/IN2P3, Orsay, France

14LPNHE, Universités Paris VI and VII, CNRS/IN2P3, Paris, France
15CEA, Irfu, SPP, Saclay, France
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We present a search for the standard model Higgs boson in 9.5 fb−1 of pp̄ collisions at
√
s =

1.96 TeV collected with the D0 detector at the Fermilab Tevatron Collider. The final state considered
contains a pair of b jets and is characterized by an imbalance in transverse energy, as expected from
pp̄ → ZH → νν̄bb̄ production. The search is also sensitive to the WH → ℓνbb̄ channel when the
charged lepton is not identified. The data are found to be in good agreement with the expected
background. For a Higgs boson mass of 125 GeV, we set a limit at the 95% C.L. on the cross
section σ(pp̄ → [Z/W ]H), assuming standard model branching fractions, that is a factor of 4.3
times larger than the theoretical standard model value, while the expected factor is 3.9. The
search is also used to measure a combined WZ and ZZ production cross section that is a factor
of 0.94 ± 0.31 (stat) ± 0.34 (syst) times the standard model prediction of 4.4 pb, with an observed
significance of 2.0 standard deviations.

PACS numbers: 13.85.Qk, 13.85.Ni, 13.85.Rm, 14.80.Bn

INTRODUCTION

In the standard model (SM) [1], electroweak symme-
try breaking is achieved via the introduction of a dou-
blet of scalar fields, of which one degree of freedom re-
mains once the W and Z vector bosons have acquired
their masses. This degree of freedom manifests itself as
a new scalar particle [2], the Higgs boson (H). Associ-
ated ZH production in pp̄ collisions at

√
s = 1.96 TeV,

with Z → νν̄ and H → bb̄, is among the most sensi-

∗with visitors from aAugustana College, Sioux Falls, SD, USA,
bThe University of Liverpool, Liverpool, UK, cUPIITA-IPN, Mex-
ico City, Mexico, dDESY, Hamburg, Germany, eSLAC, Menlo
Park, CA, USA, fUniversity College London, London, UK, gCentro
de Investigacion en Computacion - IPN, Mexico City, Mexico,
hECFM, Universidad Autonoma de Sinaloa, Culiacán, Mexico and
iUniversidade Estadual Paulista, São Paulo, Brazil.

tive processes in the search for a Higgs boson with mass
MH . 135 GeV at the Fermilab Tevatron Collider [3].
The D0 Collaboration published a search for this process
based on 5.2 fb−1 of integrated luminosity [4]. In this Let-
ter, an extension of this search to the full Run II dataset
is presented. The CDF Collaboration recently reported
results from a similar search [5], as well as the ATLAS
and CMS Collaborations using pp collisions at 7 TeV at
the LHC [6, 7]. A lower limit of 114.4 GeV was set on
MH by the LEP Collaborations [8], while an upper limit
at 127 GeV has been established by the ATLAS and CMS
Collaborations [9, 10]. These limits and those given be-
low are all defined at the 95% C.L. The ATLAS and CMS
Collaborations have also published [9, 10] excesses above
background expectations at approximately 125 GeV and
have recently reported results confirming these excesses
at the five standard deviations level [11, 12].

The final-state topology considered in this search con-
sists of a pair of b jets from H → bb̄ decay and missing
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transverse energy (6ET ) from Z → νν̄. The search is also
sensitive to the WH process when the charged lepton
from W → ℓν decay is not identified. The main back-
grounds arise from (W/Z)+heavy-flavor jets (jets initi-
ated by b or c quarks), top quark production, and multi-
jet (MJ) events with 6ET arising from mismeasurement of
jet energies. A boosted-decision-tree discriminant based
on kinematic properties is first used to reject most of the
multijet events. Next, jets from candidate Higgs boson
decays are required to be identified as b jets. Finally, dis-
crimination between signal and remaining backgrounds is
achieved by means of additional boosted decision trees.
To validate the techniques used in the search for the

Higgs boson, the analysis is also interpreted as a mea-
surement of WZ and ZZ diboson production. The only
modification is in the training of the final discriminants,
for which a diboson signal is used instead of a Higgs bo-
son signal.

DATA AND SIMULATED SAMPLES

The D0 detector used for Tevatron Run II (2001 –
2011) is described in detail in Ref. [13]. Its main com-
ponents are: a tracking system surrounding the beam
pipe, followed by a liquid-argon and uranium sampling
calorimeter, and then a muon system. The tracking sys-
tem is immersed in a 2 T magnetic field provided by
a superconducting solenoid and consists of a silicon mi-
crostrip tracker followed by a scintillating fiber tracker.
The calorimeter is composed of a central and two end
sections housed in separate cryostats. Each section is
segmented in depth, with four electromagnetic layers fol-
lowed by up to five hadronic layers. Scintillating tiles
provide additional sampling between the cryostats. The
muon system consists of tracking and trigger detectors
in front of and beyond 1.8 T iron toroids. Online event
selection is provided by a three-level trigger system.
The data used in this analysis were recorded using trig-

gers designed to select events with jets and 6ET [14]. After
imposing data quality requirements, the total integrated
luminosity recorded with these triggers is 9.5 fb−1, cor-
responding to all available Run II data for this analysis.
The analysis relies on (i) charged particle tracks, (ii)

calorimeter jets reconstructed in a cone of radius 0.5 in
y-φ space, where y is the rapidity and φ the azimuthal
angle, using the iterative midpoint cone algorithm [15],
and (iii) electrons or muons identified through the asso-
ciation of tracks with electromagnetic calorimeter clus-
ters or with hits in the muon detector, respectively. The
6ET is reconstructed as the negative of the vectorial sum
of the transverse components of energy deposits in the
calorimeter and is corrected for identified muons. Jet
energies are calibrated using primarily transverse energy
balance in photon+jet events [16], and these corrections
are propagated to the 6ET assessment.

Those backgrounds arising from MJ processes with
instrumental effects giving rise to 6ET are estimated
from data. The remainder of the backgrounds and the
signal processes are simulated by Monte Carlo (MC).
Events from (W/Z)+jets processes are generated with
alpgen [17], interfaced with pythia [18] for initial- and
final-state radiation and for hadronization. The pT spec-
trum of the Z boson is reweighted to match the D0
measurement [19]. The pT spectrum of the W boson
is reweighted using the same experimental input, cor-
rected for the differences between the W and Z pT spec-
tra predicted in next-to-next-to-leading order (NNLO)
QCD [20]. To simulate tt̄ and electroweak single top
quark production, the alpgen and singletop [21] gen-
erators, respectively, are interfaced with pythia, while
vector boson pair production is generated with pythia.
The ZH and WH signal processes are generated with
pythia for Higgs boson masses from 100 to 150 GeV in
5 GeV steps. All these simulations use CTEQ6L1 parton
distribution functions (PDFs) [22].
The absolute normalizations for (W/Z) inclusive pro-

duction are obtained from NNLO calculations of to-
tal cross sections [23] using the MSTW2008 NNLO
PDFs [24]. The heavy-flavor fractions in (W/Z)+jets
are obtained using mcfm [25] at next-to-leading order
(NLO). The diboson cross sections are also calculated
with mcfm [27]. Cross sections for pair and single top
quark production are taken from Ref. [26]. For signal
processes, cross sections are taken from Ref. [28].
Signal and background samples are passed through

a full geant3-based simulation [29] of the detector re-
sponse and processed with the same reconstruction pro-
gram as used for data. Events from randomly selected
beam crossings with the same instantaneous luminosity
distribution as data are overlaid on simulated events to
account for detector noise and contributions from addi-
tional pp̄ interactions. Parameterizations of the trigger
efficiencies are determined using events collected with in-
dependent triggers based on information from the muon
detectors. Corrections for residual differences between
data and simulation are applied for electron, muon, and
jet identification. Jet energy calibration and resolution
are adjusted in simulated events to match those measured
in data.

EVENT SELECTION

A preselection that greatly reduces the overwhelm-
ing background from multijet events is performed as
follows. The interaction vertex must be reconstructed
within the acceptance of the silicon vertex detector and
at least three tracks must originate from that vertex.
Jets with associated tracks that meet criteria ensuring
that the b-tagging algorithm operates efficiently are de-
noted as “taggable” jets, except for those also identified
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as hadronic decays of τ leptons [30]. Exactly two taggable
jets are required, one of which must be the leading (high-
est pT ) jet in the event; the Higgs candidate is formed
from these two jets, denoted jet1 and jet2 (ordered in
decreasing pT ). These jets must have transverse momen-
tum pT > 20 GeV and pseudorapidity |η| < 2.5. The
two taggable jets must not be back-to-back in the plane
transverse to the beam direction: ∆φ(jet1, jet2) < 165◦.
Finally, 6ET > 40 GeV is required.

Additional selection criteria define four distinct sam-
ples: (i) an “analysis” sample used to search for a Higgs
boson signal; (ii) an “electroweak (EW) control” sam-
ple used to validate the background MC simulation, en-
riched in W (→ µν)+jets events where the jet system has
a topology similar to that of the analysis sample; (iii) an
“MJ-model” sample, dominated by multijet events, used
to model the MJ background in the analysis sample; and
(iv) a large “MJ-enriched” sample, used to validate this
MJ-modeling procedure.

The analysis sample is selected by requiring the scalar
sum of the transverse momenta of the two leading tag-
gable jets to be greater than 80 GeV and a measure of
the 6ET significance S > 5 [31]. Larger values of S corre-
spond to 6ET values that are less likely to be caused by
fluctuations in jet energies. The S distribution is shown
for the analysis sample in Fig. 9.
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FIG. 1: (Color online.) The measure S of 6ET significance
in the analysis sample without the requirement that S be
larger than 5. The data are shown as points with error bars
and the background contributions as histograms: dibosons
are labeled as “VV,” “V+l.f.” includes (W/Z)+(u, d, s, g) jets,
“V+h.f.” includes (W/Z)+(b, c) jets, and “Top” includes pair
and single top quark production. The distribution for signal
(VH) is scaled by a factor of 500 and includes ZH and WH
production for MH = 125 GeV.

The dominant signal topology is a pair of b jets recoil-
ing against the 6ET due to the neutrinos from Z → νν̄
decay, leading to the direction of the 6ET being at a large
angle with respect to the direction of each jet. In con-
trast, in events from MJ background with fluctuations in

jet energy measurement, the 6ET tends to be aligned with
a mismeasured jet. A second estimate of the 6ET can be
obtained from the missing pT , /pT , calculated from the re-
constructed charged particle tracks originating from the
interaction vertex. This variable is less sensitive to jet
energy measurement fluctuations. In signal events, /pT
is also expected to point away from both jets, while for
MJ background, its angular distribution is expected to
be more isotropic. Advantage is taken of these features
through the variableD = [∆φ(/pT , jet1)+∆φ(/pT , jet2)]/2.
For signal events, as well as for the non-MJ backgrounds,
D > π/2 in the vast majority of events, whereas the MJ
background events tend to be symmetrically distributed
around π/2. In the analysis sample, D > π/2 is therefore
required. To improve the efficiency of this criterion for
the (W → µν)H signal with non-identified muons, tracks
satisfying isolation criteria are removed from the /pT com-
putation. The reverse of the D requirement is also used
to define the MJ-model sample, as explained below.

Events containing an isolated electron or muon with
pT > 15 GeV are rejected to ensure there is no overlap
with the D0 WH search in the lepton+ 6ET topology [32].

The EW control sample is selected in a similar man-
ner to the analysis sample, except that an isolated muon
with pT > 15 GeV is required. The multijet content of
this sample is rendered negligible by requiring that the
transverse mass of the muon and 6ET system is larger
than 30 GeV and that the 6ET , calculated taking account
of the muon from the W boson decay, is greater than
20 GeV. To ensure similar jet topologies for the analy-
sis and EW control samples, the 6ET , not corrected for
the selected muon, is required to exceed 40 GeV. The
number of selected events is in good agreement with
the SM expectation. All the kinematic distributions
are also well described once reweightings of the distri-
butions of ∆η(jet1, jet2) and η(jet2) are performed, as
suggested by a comparison [33] of data with a simulation
of (W/Z)+jets using the sherpa generator [34]. The dis-
tribution of the dijet mass in the EW control sample is
shown in Fig. 11(a).
The MJ-model sample, used to determine the MJ back-

ground, is selected in the same manner as the analy-
sis sample, except that the requirement D > π/2 is re-
versed. The small remaining contributions from non-MJ
SM background processes in the D < π/2 region are sub-
tracted, and the resulting sample is used to model the MJ
background in the analysis sample. The MJ background
in the region D > π/2 is normalized by performing a fit
of the sum of the MJ and SM backgrounds to the 6ET

distribution of the data in the analysis sample.

The MJ-enriched sample is used to test the validity of
this approach and is defined in the same manner as the
analysis sample, except that S < 4.5 is now required (see
Fig. 9). As a result, the MJ background dominates the
entire range of D values, and this sample is used to verify
that the events with D < π/2 correctly model those with
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FIG. 2: (Color online.) Distributions of the dijet mass before
b-tagging in the (a) EW control and (b) MJ-enriched samples.
The data are shown as points with error bars and the back-
ground contributions as histograms: dibosons are labeled as
“VV,” “V+l.f.” includes (W/Z)+(u, d, s, g) jets, “V+h.f.” in-
cludes (W/Z)+(b, c) jets, and “Top” includes pair and single
top quark production.

D > π/2. The distribution of the dijet mass in the MJ-
enriched sample is shown in Fig. 11(b).

A multivariate b-tagging discriminant, with several
boosted decision trees as inputs, is used to select events
with one or more b quark candidates. This algorithm
is an upgraded version of the neural network b-tagging
technique described in Ref. [35]. The new algorithm in-
cludes more information related to the lifetime of the jet
and results in a better discrimination between b and light
(u, d, s, g) jets. It provides an output between 0 and 1 for
each jet, with a value closer to one indicating a higher
probability that the jet originated from a b quark. The
output from the algorithm measured in simulated events
is adjusted to match the output measured in dedicated
data samples as described in more detail in Ref. [35].
¿From this continuous output, thirteen operating points
(Lb = 0, 1, . . . , 12) are defined, with b purity increasing
with Lb. Jets with Lb = 0 are defined as untagged. The
typical per-b-jet efficiency and misidentification rate for

light-flavor jets are about 80% (50%) and 10% (1%) for
the loosest non-zero (tightest) b-tag operating point, re-
spectively.
To improve the sensitivity of the analysis, two high

signal purity samples are defined from the analysis sam-
ple using the variable Lbb = Lb(jet1) + Lb(jet2). The
two samples are defined as follows: a tight b-tag sam-
ple with Lbb ≥ 18 and a medium b-tag sample with
11 ≤ Lbb ≤ 17. The medium b-tag sample contains events
with two loosely b-tagged jets, as well as events with one
tightly b-tagged jet and one untagged jet. The signal-
to-background ratios for a Higgs boson mass of 125 GeV
in the pre, medium, and tight b-tag samples, after ap-
plying a multijet veto (defined in the next section), are
respectively 0.035%, 0.23%, and 1.00%.

ANALYSIS USING DECISION TREES

A stochastic gradient boosted decision tree (DT) tech-
nique is employed, as implemented in the tmva pack-
age [36], to improve the discrimination between signal
and background processes.
First, an “MJ DT” (multijet-rejection DT) is trained

to discriminate between signal and MJ-model events be-
fore b-tagging is applied. To avoid Higgs boson mass
dependence at this stage of the analysis, signal events
are not used, and the MJ DT is trained on a sam-
ple of (W/Z)+heavy-flavor jets events instead. Vari-
ables that provide some discrimination have been cho-
sen for the MJ DT, excluding those strongly correlated
to the Higgs mass (such as the dijet mass itself or the
∆R =

√

(∆η)2 + (∆φ)2 between jet1 and jet2).
The MJ DT output, which ranges between −1 and

+1, is shown in Fig. 13 for the analysis sample after
the medium b-tagging requirement. Good agreement is
seen between data and the predicted background. A
value of the multijet discriminant in excess of −0.3 is
required (multijet veto), which removes 93% of the mul-
tijet background while retaining 90% of the signal for
MH = 125 GeV. The numbers of expected signal and
background events, as well as the number of observed
events, are given in Table I after imposing the multijet
veto. Dijet mass distributions in the analysis sample af-
ter the multijet veto are shown in Fig. 4 for b-tagged
events.
Next, to separate signal from the remaining SM back-

grounds, two “SM DTs” (SM-background-rejection DTs)
are trained for eachMH , one in the medium b-tag channel
and one in the tight b-tag channel. Some of the MJ DT
input variables are used again, but most of the discrim-
ination comes from additional kinematic variables corre-
lated to the Higgs boson mass, of which, as expected,
the dijet mass has the strongest discriminating power.
The SM DT outputs, which range between −1 and +1,
are used as final discriminants. Their distributions are
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TABLE I: The numbers of expected signal, expected background, and observed data events after the multijet veto, for the
pre, medium, and tight b-tag samples. The signal corresponds to MH = 125 GeV, “Top” includes pair and single top quark
production, and “V V ” is the sum of all diboson processes. The uncertainties quoted on the signal and total background arise
from the statistics of the simulation and from the sources of systematic uncertainties mentioned in the text.

Sample ZH WH W+jets Z+jets Top V V MJ Total Background Observed
Pre b-tag 18.3± 1.8 16.7± 1.6 66895 25585 1934 3144 1977 99535± 12542 98980
Medium b-tag 6.7± 0.7 6.1± 0.6 3112 1074 761 237 278 5462± 776 5453
Tight b-tag 6.0± 0.8 5.3± 0.7 443 252 377 56 6 1134± 192 1039
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FIG. 3: (Color online.) Distribution of the MJ DT output af-
ter the medium b-tagging requirement in the analysis sample.
The distribution for signal (VH), shown for MH = 125 GeV,
is scaled by a factor of 100 and includes ZH and WH produc-
tion. The data are shown as points with error bars and the
background contributions as histograms: dibosons are labeled
as “VV,” “V+l.f.” includes (W/Z)+(u, d, s, g) jets, “V+h.f.”
includes (W/Z)+(b, c) jets, and “Top” includes pair and single
top quark production.

shown in Fig. 5 for MH = 125 GeV.

SYSTEMATIC UNCERTAINTIES

Experimental uncertainties arise from the integrated
luminosity (6%) [37], the trigger simulation (2%), the
jet energy calibration and resolution [(1–2)%], jet re-
construction and taggability (3%), the lepton identifica-
tion (1%), the modeling of the MJ background (25%,
which translates into a 1% uncertainty on the total back-
ground), and the b-tagging (from 4% for background in
the medium b-tag sample to 9% for signal in the tight
b-tag sample). In addition to the impact of these uncer-
tainties on the integrated signal and background yields
mentioned above, modifications of the shapes of the final
discriminants are also considered, when relevant. Corre-
lations among systematic uncertainties in signal and each
background are taken into account when extracting the
final results.

Theoretical uncertainties on cross sections for SM pro-
cesses are estimated as follows. For (W/Z)+jets produc-
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FIG. 4: (Color online.) Dijet invariant mass in the analysis
sample after the multijet veto for events with (a) medium
b-tag and (b) tight b-tag. The distributions for signal (VH),
which are scaled by a factor of 100 for medium b-tag and 10 for
tight b-tag respectively, include ZH and WH production for
MH = 125 GeV. The data are shown as points with error bars
and the background contributions as histograms: dibosons are
labeled as “VV,” “V+l.f.” includes (W/Z)+(u, d, s, g) jets,
“V+h.f.” includes (W/Z)+(b, c) jets, and “Top” includes pair
and single top quark production.

tion, an uncertainty of 10% is assigned to the total cross
sections and an uncertainty of 20% to the heavy-flavor
fractions (estimated using mcfm at NLO [25]). For other
SM backgrounds, uncertainties are taken from Ref. [26]
or using mcfm [27] and range from 6% to 10%. The
uncertainties on cross sections for signal (7%) are taken
from Ref. [28]. Uncertainties on the shapes of the final
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discriminants arise from (i) the modeling of (W/Z)+jets,
assessed by varying the renormalization and factorization
scales and by comparing results from alpgen interfaced
with herwig [38] to alpgen interfaced with pythia, and
(ii) the choice of PDFs, estimated using the prescription
of Ref. [22].

LIMIT SETTING PROCEDURE

Agreement is found between data and the predicted
background, both in the numbers of selected events (Ta-
ble I) and in the distributions of final discriminants (Fig.
5), once systematic uncertainties are taken into account.
The modified frequentist CLs approach [39] is used to
set limits on the cross section for SM Higgs boson pro-
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FIG. 5: (Color online.) The SM DT output for the (W/Z)H
search with MH = 125 GeV following the multijet veto for
events with (a) medium b-tag and (b) tight b-tag prior to the
fit to data. The distributions for signal (VH) are scaled by a
factor of 100 for medium b-tag events and 10 for tight b-tag
events, respectively, and include ZH and WH production for
MH = 125 GeV. The data are shown as points with error bars
and the background contributions as histograms: dibosons are
labeled as “VV,” “V+l.f.” includes (W/Z)+(u, d, s, g) jets,
“V+h.f.” includes (W/Z)+(b, c) jets, and “Top” includes pair
and single top quark production.

duction, where the test statistic is a log-likelihood ratio
(LLR) for the background-only and signal+background
hypotheses. The result is obtained by summing LLR
values over the bins in the final discriminants shown in
Fig. 5. The impact of systematic uncertainties on the
sensitivity of the analysis is reduced by maximizing a
“profile” likelihood function [40] in which these uncer-
tainties are given Gaussian constraints associated with
their priors. Figure 15 shows a comparison of the SM
DT distributions expected for a signal with MH = 125
GeV and observed for the background-subtracted data.
The subtracted background and its uncertainties are the
result of the profile likelihood fit to the data under the
background-only hypothesis.
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with statistical error bars) for the (a) medium and (b) tight b-
tag channels. The subtracted background is the result of the
profile likelihood fit to the data under the background-only
hypothesis. Also shown is the ±1 standard deviation (s.d.)
band on the fitted background. No scaling factor is applied
to the signal.
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HIGGS BOSON SEARCH RESULTS

The results are given as limits in Table II and Fig. 7(a)
and in terms of LLR values in Fig. 7(b). For MH =
125 GeV, the observed and expected limits on the com-
bined cross section of ZH and WH production are fac-
tors of 4.3 and 3.9 larger than the SM value, respectively,
assuming SM branching fractions. In Fig. 7(b), the me-
dian expected LLR in the presence of a Higgs boson with
a mass of 125 GeV is also shown for comparison.
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FIG. 7: (Color online.) (a) Ratio of the observed (solid black)
and expected (dotted red) exclusion limits to the SM produc-
tion cross section. (b) The observed (solid black) and ex-
pected LLRs for the background-only (black dots) and sig-
nal+background hypotheses (short red dashes), as well as
the LLR expected in the presence of a Higgs boson with
MH = 125 GeV (long blue dashes). All are shown as a func-
tion of the tested value of MH with the green and yellow
shaded areas corresponding to the 1 and 2 standard deviation
(s.d.) variations around the background-only hypothesis.

DIBOSON SEARCH RESULTS

The final states arising from the SM production of
(Z → νν̄)(Z → bb̄) and (W → ℓν)(Z → bb̄) are the

same in particle content and topology as those used for
the Higgs boson search reported above when the lep-
ton from W → ℓν is not reconstructed. Evidence for
ZZ and WZ production can therefore be used to vali-
date the techniques employed in the Higgs boson search.
The only modification to the analysis is in the training
of the final discriminants, where ZZ and WZ are now
treated as signal with the remaining diboson process,
WW , kept as background. A cross section scale factor of
0.94 ± 0.31 (stat) ± 0.34 (syst) is measured with respect
to the predicted SM value of (4.4 ± 0.3) pb [27], with
an observed (expected) significance of 2.0 (2.1) standard
deviations.
The measurement of the diboson cross section has also

been carried out using as final discriminants the distribu-
tions of dijet invariant mass (as opposed to the SM DTs)
in the medium and tight b-tag samples. A cross section
scale factor of 1.08± 0.35 (stat)± 0.39 (syst) is measured
with respect to the predicted SM value, with an observed
(expected) significance of 2.0 (1.9) standard deviations.
The expected significance is slightly lower than the one
expected with the multivariate analysis, in which addi-
tional discrimination is provided by variables such as the
angular separation between jets or the event centrality.
Figure 17 shows the final discriminant distributions

in the medium and tight b-tag channels, as well as the
dijet mass distribution summed over the medium and
tight b-tag channels, for the expected WZ + ZZ sig-
nal and for the background-subtracted data. The sub-
tracted backgrounds and their uncertainties are the re-
sults of the profile likelihood fits to the data under the
signal+background hypothesis.

SUMMARY

We have performed a search for the standard model
Higgs boson in 9.5 fb−1 of pp̄ collisions at

√
s = 1.96 TeV

collected with the D0 detector at the Fermilab Tevatron
Collider. The final state considered contains a pair of
b jets and is characterized by an imbalance in trans-
verse energy, as expected from pp̄ → ZH → νν̄bb̄ pro-
duction and decays. The search is also sensitive to the
WH → ℓνbb̄ channel when the charged lepton is not
identified. The data are found to be in good agree-
ment with the expected background. For a Higgs bo-
son mass of 125 GeV, we set a limit at the 95% C.L.
on the cross section σ(pp̄ → [Z/W ]H), assuming stan-
dard model branching fractions, that is a factor of 4.3
larger than the theoretical standard model value, for an
expected factor of 3.9.
To validate our analysis techniques, we also performed

a search for WZ and ZZ production, resulting in a mea-
surement of the combined cross section that is a factor
of 0.94± 0.31 (stat)± 0.34 (syst) relative to the standard
model prediction, with a significance of 2.0 standard de-
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TABLE II: The expected and observed upper limits measured using 9.5 fb−1 of integrated luminosity on the ZH plus WH
production cross section relative to the SM expectation, assuming SM branching fractions, as a function of MH .

mH (GeV) 100 105 110 115 120 125 130 135 140 145 150
Expected 2.1 2.2 2.4 2.7 3.2 3.9 5.0 6.7 9.2 13.8 21.6
Observed 1.9 2.3 2.2 3.0 3.5 4.3 4.3 7.2 8.8 15.3 16.8

viations.
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