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We present the results of the combination of searches for the standard model Higgs boson produced in
association with a W or Z boson and decaying into bb using the data sample collected with the DO detector
in pp collisions at /s = 1.96 TeV at the Fermilab Tevatron Collider. We derive 95% C.L. upper limits on
the Higgs boson cross section relative to the standard model prediction in the mass range 100 GeV =
My = 150 GeV, and we exclude Higgs bosons with masses smaller than 102 GeV at the 95% C.L. In the
mass range 120 GeV = My = 145 GeV, the data exhibit an excess above the background prediction with
a global significance of 1.5 standard deviations, consistent with the expectation in the presence of a

standard model Higgs boson.

DOI: 10.1103/PhysRevLett.109.121802

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

Despite its success as a predictive tool, the standard
model (SM) of particle physics [1] remains incomplete
without a means to explain electroweak symmetry break-
ing. The simplest proposed mechanism [2] involves the
introduction of a complex doublet of scalar fields that
generates the masses of elementary particles via their
mutual interactions. After accounting for longitudinal
polarizations for the electroweak bosons, this mechanism
also gives rise to a single scalar boson, the SM Higgs
boson, with an unpredicted mass (Mp). Direct searches
for et e™ — Z* — ZH at the CERN e" e~ Collider (LEP)
yielded a lower mass limit of My > 114.4 GeV [3] at 95%
confidence level (C.L.). Precision electroweak measure-
ments [4], including the latest W boson mass measure-
ments [5,6] at the Fermilab Tevatron Collider, result in an
upper 95% C.L. limit of My < 152 GeV. Direct searches
at LEP [3], the Tevatron [7], and the CERN Large Hadron
Collider (LHC) [8,9] exclude at the 95% C.L. most of the
allowed mass range, except for 116.6 GeV <My <
119.4 GeV and 122.1 GeV < My < 127.0 GeV. In addi-
tion, the ATLAS and CMS Collaborations have published
[8,9] excesses above background expectations at a mass of

=~ 125 GeV and have recently published results [10] con-
firming these excesses at the level of 5 standard deviations
(s.d.), driven by searches for H — yy and H — ZZ"*) —
£te— ¢t ¢, where € and €' denote an electron or muon.
These searches primarily exploit the gluon-gluon fusion
production mechanism for the Higgs boson, gg — H, me-
diated by a top-quark loop, while H — vy searches are
also sensitive to vector (V = W, Z) boson fusion, gg' —
Hggq'. In the allowed mass range, the Tevatron experiments
are particularly sensitive to the SM Higgs boson produced in
association with a vector boson, VH, and the Higgs boson
decaying into bb, the primary decay mode for a Higgs boson
with My <135 GeV. Searches at both hadron colliders
have a high degree of complementarity, with the main search
channels at the LHC being particularly sensitive to the Higgs
boson mass and couplings to vector bosons, while searches at
the Tevatron provide information on the Higgs boson cou-
pling to b quarks.

This Letter describes the combination of searches for
VH, H — bb production at the DO experiment using the
sample of pp collision data at /s = 1.96 TeV collected
during run II of the Fermilab Tevatron Collider. These
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searches are focused on leptonic W and Z boson decays
that allow us to efficiently suppress the large multijet
background present at a hadron collider and are restricted
to the mass range 100 GeV = My = 150 GeV. Therefore,
the signal processes being targeted are WH — €vbb [11],
ZH — vibb [12], and ZH — €*€¢ " bb [13]. A similar
combination of searches in the H — bb decay mode has
recently been reported by the CDF Collaboration [14] and
previously by the ATLAS [15], CMS [16], and LEP [3]
Collaborations.

The DO detector is described elsewhere [17]. Details on
the reconstruction and identification criteria for the physics
objects used in these searches [electrons, muons, jets, and
missing transverse energy (f7)] can be found elsewhere
[11-13,18]. Jets are identified as consistent with the
fragmentation of a b quark (b-tagged) by a multivariate
algorithm [19] combining information from the impact
parameter of displaced tracks and the topological proper-
ties of secondary vertices reconstructed in the jet.

The main backgrounds affecting these searches originate
from W/Z + heavy-flavor jets (jets initiated by b and ¢
quarks) and from top-quark pair (¢7) production. Smaller
contributions arise from W/Z + light-flavor jets, single
top-quark, diboson (WW, WZ, ZZ), and multijet produc-
tion. Multijet events contribute to the selected samples via
the misidentification of a jet or a photon as an electron, the
presence of a nonprompt lepton from a semileptonic b- or
c-hadron decay (WH — €vbb and ZH — ¢* ¢~ bb analy-
ses), or jet energy mismeasurements resulting in apparent
large f; (ZH — vobb analysis). In all instances, the nor-
malization and kinematic distributions of multijet events
are estimated via data-driven methods. The remaining
backgrounds, as well as the signal, are estimated with
Monte Carlo simulation. Samples of W/Z + jets and 7
events are generated by using the ALPGEN [20] tree-
level matrix element generator, while samples of single
top-quark and diboson events are generated by using the
SINGLETOP [21] and PYTHIA [22] leading-order (LO) gen-
erators, respectively. These samples are normalized to
next-to-next-to-LO (NNLO) [23], approximate NNLO
[24,25], and next-to-LO [26] theoretical cross sections.
Samples of WH and ZH signal events are generated by
using the PYTHIA generator for a range of masses,
100 GeV = My = 150 GeV, in steps of 5 GeV and are
normalized to the most recent theoretical predictions
[27-29]. All Monte Carlo samples are generated by using
the CTEQ6LI parton distribution function set [30] and pro-
cessed through PYTHIA to model parton showering and
fragmentation. Signal and backgrounds samples are pro-
cessed by a GEANT3-based [31] simulation of the DO de-
tector and reconstructed by using the same algorithms
applied to the collider data. Simulated events are corrected
so that the object identification efficiencies, energy scales,
and energy resolutions match those determined in data
control samples. More details on the simulation and

normalization of the signal and background samples can
be found elsewhere [11-13].

In the case of the ZH — vibb analysis, the data were
collected by using triggers requiring jets plus Fy and
correspond to an integrated luminosity of 9.5 fb~! [32].
The ZH — €€~ bb and WH — £vbb analyses use a logi-
cal OR of triggers dominated by single lepton, dilepton,
lepton-plus-jets, and jet-plus-§; triggers, resulting in an
integrated luminosity of 9.7 fb~!. The analyses select non-
overlapping subsets of data via different requirements on
lepton multiplicity: (i) exactly two opposite-charge leptons
(ZH — €€~ bb), (ii) exactly one charged lepton and large
Fr (WH — €vbb), and (iii) exactly zero charged leptons
and large F; (ZH — vibb). A significant fraction of
signal events selected by the ZH — v#bb analysis origi-
nate from WH production, where the charged lepton is not
reconstructed. In addition, events are required to have two
or three reconstructed jets, with the exception of the ZH —
vobb analysis, which is restricted to events with exactly
two jets. The signal-to-background ratio is significantly
enhanced by requiring one or two b-tagged jets in an event.
The sensitivity of the searches is maximized by categoriz-
ing events into different analysis subchannels depending
on the flavor and quality of the charged leptons, jet multi-
plicity, b-tagged jet multiplicity, and b-tagged jet quality.
The primary discriminating variable between the VH sig-
nal and the backgrounds is the dijet invariant mass, for
which the signal shows a distinct resonant structure; how-
ever, by combining this variable with several other kine-
matic variables via a multivariate approach, the sensitivity
of the searches is improved by approximately 25%.
Therefore, the final observable for each of the subchannels
in the different searches is a one-dimensional multivariate
discriminant optimized for each hypothesized My value.

We interpret the result of the searches via the CL;
method [33,34], which employs a log-likelihood ratio
LLR = —2In(L;,,/L;) as a test statistic, where L,
(Lj) is a Poisson likelihood to observe the data under the
signal-plus-background (background-only) hypothesis.
Separate channels are combined by summing LLR values
over all bins, thus maintaining the individual channel
sensitivities. The per-bin signal and background predic-
tions are parameterized in terms of nuisance parameters
that describe the effect of systematic uncertainties.
The impact of systematic uncertainties on the search sen-
sitivity is reduced by maximizing both likelihood functions
L,., and L,, with respect to these nuisance parameters,
subject to Gaussian constraints of their prior values. CL; is
defined as the ratio of the confidence levels for the signal-
plus-background (CL;. ;) and background-only (CL,) hy-
potheses, which are each evaluated by integrating the
corresponding LLR distributions populated by simulating
outcomes via Poisson statistics. Systematic uncertainties
are incorporated via Gaussian fluctuations on the expected
number of signal and background events per bin, taking
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into account correlations across processes and channels
[35]. Signal cross sections resulting in CL; < 0.05 are
excluded at the 95% C.L.

The systematic uncertainties differ between analyses,
but we summarize here the largest contributions. We ac-
count for the impact of these uncertainties both on the
integrated signal and background yields and on the shapes
of the final discriminants where relevant. The ZH — vibb
and WH — {vbb analyses carry a correlated uncertainty
on the integrated luminosity of 6.1% [32]. The ZH —
€T¢"bb analysis normalizes the predictions using the
peak from Z — ¢*{~ decays from data and the corre-
sponding NNLO cross section [23]. The b-tagging effi-
ciency has an uncertainty of = 1%-15%, depending on the
sample and b-tagging criteria. The uncertainty due to
acceptance and energy measurement of jets is typically
around 7%. Uncertainties due to acceptance and energy
measurement of leptons range from 1% to 9%, depending
on the final state. A significant source of uncertainty comes
from the V + jets background cross sections, which have
uncertainties of 4%—10% for light flavor jets and = 22%
for heavy flavor jets. These account for both the uncer-
tainty on the theoretical cross section calculations and the
uncertainties on the higher-order correction factors. The
uncertainty on the expected multijet background is domi-
nated by the statistics of the data sample from which it is
estimated and is considered separately from the other cross
section uncertainties. All analyses take into account the
uncertainties on the theoretical production cross sections
for the different signal processes due to parton distribution
function and scale choice. In addition, analyses incorporate
differential uncertainties on the dominant backgrounds to
allow for potential variations of the final discriminants due
to generator and background modeling uncertainties. The
total impact of systematic uncertainties on the combined
sensitivity is = 20%.

To confirm the ability of these analyses to measure a
signal and to validate the background modeling, we per-
form a measurement of the VZ production cross section in
the same final states. The only difference from the Higgs
boson search is to use SM WZ and ZZ production as the
signal instead of WH and ZH, while the rest of the SM
processes, including WW production, are treated as back-
grounds. Multivariate discriminants using the same input
variables as in the Higgs boson searches are trained to
separate the VZ signal from the backgrounds, and the
resulting distributions are fit to determine the VZ cross
section. The combination of all three analyses yields
o(VZ) = 3.3 = 1.4 pb, consistent with the SM prediction
of 4.4 = 0.3 pb [26]. The observed (expected) significance
of the measured excess is 2.5 (3.4) s.d.

The statistical analysis makes use of simultaneous fits to
the individual final discriminants, but it is useful for pre-
sentation purposes to collect all of the inputs into a single
distribution. This is done by reordering the bins from the

input distributions according to their signal-to-background
ratios (s/b), so that bins with similar log,,(s/b) are com-
bined. Figure 1 shows this distribution for the VZ cross
section measurement and for the Higgs boson search with
My = 125 GeV after subtracting the expected background
from the data. The subtracted background corresponds to
the maximum-likelihood fit of the nuisance parameters to
the data, and the posterior uncertainty from that fit is also
shown in the plot.

We derive limits on SM Higgs boson production
o(VH) X BR(H — bb), with BR the branching fraction,
for Higgs boson masses in the range 100 GeV = My =
150 GeV in steps of 5 GeV. We assume the relative con-
tributions of the different production and decay modes as
given by the SM prediction. We present our results in terms
of the ratio of 95% C.L. upper cross section limits to the SM
predicted cross section. The SM prediction for Higgs boson
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FIG. 1 (color online). Background-subtracted data distribu-
tions of log,o(s/b) in (a) the VZ analysis after a fit of the VZ
and background contributions to the data and (b) the VH, H —
bb search for My = 125 GeV after a fit of the backgrounds to
the data. The background-subtracted data are shown as points,
and the signal is shown as the red histogram in each plot. The
blue lines indicate the posterior uncertainty on the background
prediction.
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FIG. 2 (color online).

(a) The 95% C.L. cross section upper limit ratios versus My, and (b) LLR distribution versus My, for the

combined VH, H — bb analyses. The solid lines represent the observed values in the data. The short-dashed black (red) lines represent
the median expected values under the background-only (signal-plus-background) hypothesis at each mass. The long-dashed blue lines
show the expected outcome from injecting a SM Higgs boson signal with My = 125 GeV. The green and yellow shaded bands
correspond to the regions enclosing 1 and 2 s.d. variations about the median expected values under the background-only hypothesis,

respectively.

production would therefore be considered excluded at
95% C.L. when this limit ratio falls below unity. Figure 2(a)
shows the combined expected and observed 95% C.L. cross
section limits as aratio to the SM cross section as a function
of My. These results are also summarized in Table I.
The LLR distributions for the combination are shown in
Fig. 2(b). Although consistent with the background-only
hypothesis for My < 115 GeV, the observed LLR exhibits
a signal-like excess at the level of 1-1.7 s.d. for the mass
range 120 GeV = My = 145 GeV.

To understand the compatibility of this excess with the
hypothesis of a SM Higgs boson, we obtain the best-fit
cross section for the Higgs boson signal relative to the SM
prediction (R) as a function of M. This value is obtained
by performing a maximum-likelihood fit over all search
channels simultaneously, allowing the fit to vary all nui-
sance parameters within their priors and with the Higgs
boson cross section as a free parameter. Figure 3 shows the
measured o(VH) X BR(H — bb) as a function of My,
including its *1 s.d. uncertainty band, and compared
with the SM prediction. At a mass of 125 GeV, the best-
fit cross section is o(VH) X BR(H — bb) = 1407149 pb,
which is 1.27]-2 times the SM prediction.

The significance of the data excess above the back-
ground prediction is estimated by computing the p value
under the background-only hypothesis using R as the test
statistic for each value of M. This p value represents the

TABLE 1.

probability to have a value of R as large or larger than
that observed in the data due to a background fluctuation.
The smallest p value is obtained at a mass of 135 GeV
and corresponds to a significance of 1.7 s.d. above the
background-only prediction. This significance does not
take into account the look-elsewhere effect [36], which
accounts for the possibility of a background fluctuation
in the local p value anywhere in the tested mass range. By
taking into account existing limits on M in the bb decay
mode [3], the search region becomes 115 GeV = My =
150 GeV. Given the expected mass resolution of these
searches of = 16%, this translates into a look-elsewhere-
effect factor of = 1.6 for a global significance of 1.5 s.d.
Also taking into account the existing SM Higgs boson
exclusions from the LHC [8,9] experiments, there is no
look-elsewhere effect, and we find an excess at My =
125 GeV with a significance of 1.1 s.d.

In summary, we have presented a combination of
searches for the SM Higgs boson produced in association
with a vector boson and decaying into bb, using the data
sample collected with the DO detector in run II of the
Fermilab Tevatron Collider. We achieve a sensitivity that
is competitive with other searches in this final state
[14-16], deriving 95% C.L. upper limits on the Higgs
boson cross section relative to the SM prediction in the
mass range 100 GeV = My = 150 GeV and excluding
Higgs bosons with masses smaller than 102 GeV at the

Expected (median) and observed 95% C.L. cross section upper limit ratios for the

combined VH, H — bb analyses over the 100 GeV = M, = 150 GeV mass range.

My (GeV) 100 105 110 115

120

125 130 135 140 145 150

Expected 1.2 1.3 1.4 1.6
Observed 0.94 1.1 1.2 1.9

1.9 2.3 2.9 3.8 5.3 7.8 12
2.6 32 43 6.5 8.0 12 14
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FIG. 3 (color online). The best-fit value for o(VH) X
BR(H — bb) as a function of My. The green shaded band
corresponds to the 1 s.d. uncertainty around the best-fit cross
section. Also shown is the SM prediction including the theoreti-
cal uncertainties.

95% C.L. In the mass range 120 GeV = My = 145 GeV,
the data exhibit an excess above the background prediction
with a global significance of 1.5 s.d. and a magnitude
consistent with that expected for the SM Higgs boson.

We thank the staffs at Fermilab and collaborating
institutions and acknowledge support from the DOE and
NSF (USA); CEA and CNRS/IN2P3 (France); MON,
NRC KI, and RFBR (Russia); CNPq, FAPERJ, FAPESP,
and FUNDUNESP (Brazil); DAE and DST (India);
Colciencias (Colombia); CONACyT (Mexico); NRF
(Korea); FOM (Netherlands); STFC and the Royal
Society (United Kingdom); MSMT and GACR (Czech
Republic); BMBF and DFG (Germany); SFI (Ireland);
The Swedish Research Council (Sweden); and CAS and
CNSF (China).

*Visitor from Augustana College, Sioux Falls, SD, USA.
"Visitor from The University of Liverpool, Liverpool,
United Kingdom.
*Visitor from UPIITA-IPN, Mexico City, Mexico.
$Visitor from DESY, Hamburg, Germany.
Visitor from SLAC, Menlo Park, CA, USA.
IVisitor from University College London, London, United
Kingdom.
**Visitor from Centro de Investigacion en Computacion—
IPN, Mexico City, Mexico.
Visitor from ECFM, Universidad Autonoma de Sinaloa,
Culiacan, Mexico.
*Visitor from Universidade Estadual Paulista, Sdo Paulo,
Brazil.

[1] S. Glashow, Nucl. Phys. 22, 579 (1961); S. Weinberg,
Phys. Rev. Lett. 19, 1264 (1967); A. Salam, in Elementary
Particle Theory, edited by N. Svartholm (Almquist and
Wiksells, Stockholm, 1968), p. 367.

(2]

(31

(4]

(51
(6]
(71
(8]
[9]
[10]
[11]
[12]
[13]
[14]
[15]

[16]
[17]

(18]

[19]

[20]

(21]
(22]
(23]
(24]

[25]
[26]

121802-7

P. W. Higgs, Phys. Lett. 12, 132 (1964); F. Englert and R.
Brout, Phys. Rev. Lett. 13, 321 (1964); P. W. Higgs, Phys.
Rev. Lett. 13, 508 (1964); G. S. Guralnik, C. R. Hagen, and
T. W. B. Kibble, Phys. Rev. Lett. 13, 585 (1964).

The ALEPH, DELPHI, L3, OPAL Collaborations, and
The LEP Working Group for Higgs Boson Searches,
Phys. Lett. B 565, 61 (2003).

The ALEPH, CDF, DO, DELPHI, L3, OPAL, SLD
Collaborations, The LEP Electroweak Working Group,
The Tevatron Electroweak Working Group, and The
SLD Electroweak and Heavy Flavor Working Groups,
arXiv:1012.2367.

T. Aaltonen et al. (CDF Collaboration), Phys. Rev. Lett.
108, 151803 (2012).

V.M. Abazov et al. (DO Collaboration), Phys. Rev. Lett.
108, 151804 (2012).

The CDF and DO Collaborations and The Tevatron New
Physics and Higgs Working Group, arXiv:1207.0449.
ATLAS Collaboration, Phys. Rev. D 86, 032003 (2012).
CMS Collaboration, Phys. Lett. B 710, 26 (2012).

G. Aad et al. (ATLAS Collaboration), Phys. Lett. B 716, 1
(2012); S. Chatrchyan et al. (CMS Collaboration), Phys.
Lett. B 716, 30 (2012).

V.M. Abazov et al. (DO Collaboration), following Letter,
Phys. Rev. Lett. 121804 (2012).

V.M. Abazov et al. (DO Collaboration), Phys. Lett. B 716,
285 (2012).

V.M. Abazov et al. (DO Collaboration), following Letter,
Phys. Rev. Lett. 121803 (2012).

T. Aaltonen et al. (CDF Collaboration), Phys. Rev. Lett.
109, 111802 (2012).

ATLAS Collaboration, arXiv:1207.0210.

CMS Collaboration, Phys. Lett. B 710, 284 (2012).

S. Abachi et al., Nucl. Instrum. Methods Phys. Res., Sect.
A 338, 185 (1994); V.M. Abazov et al. (DO
Collaboration), Nucl. Instrum. Methods Phys. Res., Sect.
A 565, 463 (2006); M. Abolins et al., Nucl. Instrum.
Methods Phys. Res., Sect. A 584, 75 (2008); R.
Angstadt et al., Nucl. Instrum. Methods Phys. Res.,
Sect. A 622, 298 (2010).

V.M. Abazov et al. (DO Collaboration), Phys. Rev. D 86,
032005 (2012).

V.M. Abazov et al. (DO Collaboration), Nucl. Instrum.
Methods Phys. Res., Sect. A 620, 490 (2010). An updated
version of this algorithm was used.

M. L. Mangano, F. Piccinini, A. D. Polosa, M. Moretti, and
R. Pittau, J. High Energy Phys. 07 (2003) 001. Version
2.11 was used.

E. Boos, V. Bunichev, L. Dudko, V. Savrin,
V. Sherstnev, Phys. At. Nucl. 69, 1317 (2006).

T. Sjostrand, S. Mrenna, and P. Skands, J. High Energy
Phys. 05 (2006) 026. Version 6.409 was used.

R. Hamberg, W.L. van Neerven, and T. Matsuura, Nucl.
Phys. B359, 343 (1991); B644, 403 (2002).

U. Langenfeld, S. Moch, and P. Uwer, Phys. Rev. D 80,
054009 (2009).

N. Kidonakis, Phys. Rev. D 74, 114012 (2006).

J.M. Campbell and R. K. Ellis, Phys. Rev. D 60, 113006
(1999); updated using J.M. Campbell, R.K. Ellis, and
C. Williams, MCFM-Monte Carlo for FeMtobarn pro-
cesses, http://mcfm.fnal.gov/.

and


http://dx.doi.org/10.1016/0029-5582(61)90469-2
http://dx.doi.org/10.1103/PhysRevLett.19.1264
http://dx.doi.org/10.1016/0031-9163(64)91136-9
http://dx.doi.org/10.1103/PhysRevLett.13.321
http://dx.doi.org/10.1103/PhysRevLett.13.508
http://dx.doi.org/10.1103/PhysRevLett.13.508
http://dx.doi.org/10.1103/PhysRevLett.13.585
http://dx.doi.org/10.1016/S0370-2693(03)00614-2
http://arXiv.org/abs/1012.2367
http://dx.doi.org/10.1103/PhysRevLett.108.151803
http://dx.doi.org/10.1103/PhysRevLett.108.151803
http://dx.doi.org/10.1103/PhysRevLett.108.151804
http://dx.doi.org/10.1103/PhysRevLett.108.151804
http://arXiv.org/abs/1207.0449
http://dx.doi.org/10.1103/PhysRevD.86.032003
http://dx.doi.org/10.1016/j.physletb.2012.02.064
http://dx.doi.org/10.1016/j.physletb.2012.08.020
http://dx.doi.org/10.1016/j.physletb.2012.08.020
http://dx.doi.org/10.1016/j.physletb.2012.08.021
http://dx.doi.org/10.1016/j.physletb.2012.08.021
http://dx.doi.org/10.1016/j.physletb.2012.08.034
http://dx.doi.org/10.1016/j.physletb.2012.08.034
http://dx.doi.org/10.1103/PhysRevLett.109.071804
http://dx.doi.org/10.1103/PhysRevLett.109.071804
http://arXiv.org/abs/1207.0210
http://dx.doi.org/10.1016/j.physletb.2012.02.085
http://dx.doi.org/10.1016/0168-9002(94)91312-9
http://dx.doi.org/10.1016/0168-9002(94)91312-9
http://dx.doi.org/10.1016/j.nima.2006.05.248
http://dx.doi.org/10.1016/j.nima.2006.05.248
http://dx.doi.org/10.1016/j.nima.2007.10.014
http://dx.doi.org/10.1016/j.nima.2007.10.014
http://dx.doi.org/10.1016/j.nima.2010.04.148
http://dx.doi.org/10.1016/j.nima.2010.04.148
http://dx.doi.org/10.1103/PhysRevD.86.032005
http://dx.doi.org/10.1103/PhysRevD.86.032005
http://dx.doi.org/10.1016/j.nima.2010.03.118
http://dx.doi.org/10.1016/j.nima.2010.03.118
http://dx.doi.org/10.1088/1126-6708/2003/07/001
http://dx.doi.org/10.1134/S1063778806080084
http://dx.doi.org/10.1088/1126-6708/2006/05/026
http://dx.doi.org/10.1088/1126-6708/2006/05/026
http://dx.doi.org/10.1016/0550-3213(91)90064-5
http://dx.doi.org/10.1016/0550-3213(91)90064-5
http://dx.doi.org/10.1016/S0550-3213(02)00814-3
http://dx.doi.org/10.1103/PhysRevD.80.054009
http://dx.doi.org/10.1103/PhysRevD.80.054009
http://dx.doi.org/10.1103/PhysRevD.74.114012
http://dx.doi.org/10.1103/PhysRevD.60.113006
http://dx.doi.org/10.1103/PhysRevD.60.113006
http://mcfm.fnal.gov/

PRL 109, 121802 (2012)

PHYSICAL REVIEW LETTERS

week ending
21 SEPTEMBER 2012

(27]

(28]

[29]

(30]

J. Baglio and A. Djouadi, J. High Energy Phys. 10 (2010)
064; O. Brein, R.V. Harlander, M. Weisemann, and T.
Zirke, Eur. Phys. J. C 72, 1868 (2012).

A. Djouadi, J. Kalinowski, and M. Spira, Comput. Phys.
Commun. 108, 56 (1998).

A. Bredenstein, A. Denner, S. Dittmaier, and M. M.
Weber, Phys. Rev. D 74, 013004 (2006); A. Bredenstein,
A. Denner, S. Dittmaier, and M.M. Weber,
J. High Energy Phys. 02 (2007) 080.

J. Pumplin, D.R. Stump, J. Huston, H.-L. Lai,
P. Nadolsky, and W.-K. Tung, J. High Energy Phys. 07
(2002) 012.

(31]

(32]
(33]

[34]
(35]

(36]

121802-8

R. Brun and F. Carminati, CERN Program Library Long
Writeup W5013, 1993 (unpublished).

T. Andeen et al., Report No. FERMILAB-TM-2365, 2007.
T. Junk, Nucl. Instrum. Methods Phys. Res., Sect. A 434,
435 (1999); A. Read, J. Phys. G 28, 2693 (2002).

W. Fisher, Report No. FERMILAB-TM-2386-E, 2006.
Sources of uncertainty common to multiple channels (e.g.,
b-tagging, jet energy scale and resolution, and theoretical
uncertainties) are treated as fully correlated between those
channels.

L. Lyons, Ann. Appl. Stat. 2, 887 (2008); O.J. Dunn,
J. Am. Stat. Assoc. 56, 52 (1961).


http://dx.doi.org/10.1007/JHEP10(2010)064
http://dx.doi.org/10.1007/JHEP10(2010)064
http://dx.doi.org/10.1140/epjc/s10052-012-1868-6
http://dx.doi.org/10.1016/S0010-4655(97)00123-9
http://dx.doi.org/10.1016/S0010-4655(97)00123-9
http://dx.doi.org/10.1103/PhysRevD.74.013004
http://dx.doi.org/10.1088/1126-6708/2007/02/080
http://dx.doi.org/10.1088/1126-6708/2002/07/012
http://dx.doi.org/10.1088/1126-6708/2002/07/012
http://dx.doi.org/10.1016/S0168-9002(99)00498-2
http://dx.doi.org/10.1016/S0168-9002(99)00498-2
http://dx.doi.org/10.1088/0954-3899/28/10/313
http://dx.doi.org/10.1214/08-AOAS163
http://dx.doi.org/10.1080/01621459.1961.10482090

