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1. Introduction

Diboson productiongp— VV’; V,V/ =W or Z) is an important process at the Large Hadron
Collider (LHC). Measurements of the total cross-sectiod kRimematic distributions of diboson
production provide a powerful test of the electroweak (EV&ltpf the Standard Model (SM).
Diboson production can proceed through either t-channeldrannel diagrams. The latter are
due to triple gauge couplings that are precisely prediatethé SM; diboson measurements are
thus sensitive to anomalous triple gauge couplings thabcaar in the context of many different
models of new physics. Another reason to study diboson psaseis that they are important
backgrounds to many physics searches, such a4 thaV*W~ search. Lastlyy V' measurements
can be viewed as "stepping-stone" measurements towanagtdtmeasurements of vector-boson
scattering pp — VV'jj, where | is a jet), which are crucial to a better understanding of EW
symmetry breaking.

The processepp — WHW~,WZ andZZ have all been measured previously at the LHC,
by both ATLAS and CMS [1-7]. However, most of these proce$ses only been measured
in the fully leptonic W — ¢v, Z — ¢7¢~) channels. An intriguing complementary measurement
is the semi-leptonic channgdp — WW — /¢vjj, which has a rate about six times larger than
WW — ¢vlv. Additionally, it allows for better reconstruction of the@emt kinematics than in
WW — ¢v/lv decays, due to the presence of only one neutrino rather wwrHowever, since the
experimental di-jet mass resolutions at ATLAS and CMS aselfiicient to distinguisiW — jj
fromZ — |j decays, it is necessary to measure the combined pregess (WW/W Z) — (v jj.

A further complication in this channel is the large backgrucoming primarily from\W+jets
events.

In these proceedings, we report a measurement by ATLAS opthee (WW/W2Z) — (vjj
cross-section ays= 7 TeV, using 4.7 fbo* of proton-proton collision data [8]. The measurement is
performed by fitting the di-jet mass spectrum of events ¢oimntg an/ (= u,€) and large missing
transverse energy, and looking for a peak ffdfiZ — jj decays. A similar measurement was
recently reported by the CMS Collaboration [9].

2. Selection and Background Modeling

The main backgrounds in this analysis come f\mjets v =W, Z), tt, single-top, and multi-
jet processes. Thé-jets background is modeled with Alpgen interfaced to Herang Jimmy.
Thett and single-top backgrounds are modeled with MC@NLO. Theifatlbackground is mod-
eled using a data-driven technique described later in &usan. The signdlVW andW Zprocesses
are modeled with Herwig, and normalized to the NLO crossises of 4494+ 2.2 pb WW) and
185+ 1.3 pb (WZ) obtained with MCFM [10]. The Monte Carlo (MC) simtéd events are passed
through a full GEANT4 [11] simulation of the ATLAS detectoEffects due to multiple interac-
tions per bunch crossing are included in the simulation. titkel description of the detector can
be found in Ref. [12].

Events in this analysis must contain one highelectron or muon candidate, large missing
transverse energ)E@“S%, and exactly two jets, and are also required to pass amgmuon (18
GeV) or electron (20-22 GeV) trigger. Electron and muon ddates are required to havepa
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of at least 25 GeV and electrons must have a pseudorapigliteess than 2.47 and excluding the
calorimeter crack region 1.37dk1.52, whereas muons must hame < 2.4. Lepton candidates
are required to satisfy both track and calorimeter isotatioteria, and are required to have tracks
pointing back to the primary vertex. Jets are formed withathiéky algorithm [13] with a radius of
0.4, using calorimeter clusters calibrated at the elecugimatic scale. Jets are required to have a jet
vertex fraction greater than 0.75, defined as the scalar $tine @t of the tracks associated to the
jet that point to the primary vertex, divided by the scalansaf the pr of all the tracks associated
to the jet.

Events are required to have one electron or muon candidétepwi> 25 GeV, and the event
is vetoed if there is an additional lepton witly > 20 GeV. An event must have one jet with
pr > 30 GeV and a second jet withy > 25 GeV, and in order to redude backgrounds, events
are rejected if there is an additional jet wigh > 20 GeV. Each event must haveE&"ss > 30
GeV and the transverse mass, formed from theE{”iss and transverse momentum of the lepton,
must satisfymr > 40 GeV. The difference in azimuthal andie between th&"s%and the highest-
pr jet must be greater than 0.8, to reduce multi-jet backgreuadd each jet must be separated
from the lepton byAR(j,/) > 0.5, whereAR = /A@? + AnZ2. The following additional angular
requirements between the leading and sub-leading jetsnd j») are imposedAn(j1, j2) < 1.5
andAR(jl, j2) > 0.7.

The multi-jet background is estimated from data. These dprackds can be due to jets be-
ing misreconstructed as electrons, or due to semileptatayd from heavy-flavor jets. Control
regions are created that are enriched in multi-jet backgisuby applying the normal selection ex-
cept inverting lepton quality criteria. For the electroranhel, the electron candidates are required
to have no signal in the Transition Radition Tracker [12]d dar the muon channel, the fake-
muon candidates must fail to point to the primary vertex. Seheontrol regions are used to form
EMistemplates for the multi-jet background. Then in the nomaeéction region, thEMssut is
removed, and a fit is performed to tB&"SSspectrum using thE™Stemplates derived previously,
and the multi-jet normalization is extracted. The V+jetskzaound is also allowed to float in this
fit, from which a scale-factor is derived that is used for atidhdata-MC comparison, shown in
Fig. 1. As can be seen, the data is well described by MC exj@tta

3. Fit Method and Results

The WW)/W Z cross-section is measured using a binned maximum-likediHa to the dijet-
mass distribution, from [25-250] GeV in 5-GeV bins. The #&les and muon channels are fit
separately in a simultaneous fit. Dijet-mass templatesraead for the signal and for three back-
ground categories: V+jettt/single-top, and multi-jet, and are shown in Fig. 2. To take account
the uncertainty on the background rates, the V+jets anddoggrounds are allowed to float in the
fit, subject to 20% and 10% constraints, respectively. Thé#ifed background normalization is
fixed in the nominal fit, and varied as a systematic. Nuisarmcameters are introduced that ac-
count for the effects of certain systematics, most impaltahe jet energy resolution and the shape
of the V+jets background (estimated by varying parametetbé Alpgen generation), and these
nuisance parameters are allowed to float in the fit. Otheesyaics are estimated using pseudo-
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Figure 1: Comparison between data and MC expectation for four kinierwatiables [8], after the event
selection described in the text. The multi-jet backgromeéstimated using a data-driven method. The
yellow bands in the bottom portions of the plots give the eysitic uncertainty only due to the jet energy
scale.

experiments, most importantly the jet energy scale (JE®)shape of the multi-jet background,
and the effect of limited MC statistics.

The results of the fit are shown in Fig. 3. A cross-sectiomwpp - WW/WZ) =72+ 9
(stat.) £+ 15 (syst.) + 13 (MC statistics) pb is measured. This is consistent withKihO SM
expectation of 6342.6 pb. Besides the 18% systematic from limited MC stasistite other most
significant systematics are from the JES effect on the dij$s spectrum (12%) and the normal-
ization of V+jets (11%). The observed (statistical plugeystic) significance of the measurement
is estimated using pseudo-experiments, and found to3dmg 8/ith a 300 expected significance.
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Figure 2: The templates for the signal and the different backgroumdpmments that are used in the fit to
the dijet mass distribution [8]. The electron (muon) chdane shown on the left (right).

4. Summary

ATLAS measures the cross-sectioiipp - WW/W2Z) = 72 + 9 (stat.) + 15 (syst.)+ 13
(MC stat.) pb in the semi-leptonitv jj channel at,/s= 7 TeV, in good agreement with the SM
expectation. This measurement has a significance @f,38d represents the first evidence by
ATLAS for diboson production in a semi-leptonic channel.
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Figure 3: The results of the fit to the dijet mass distribution [8]. Tbhe two plots show the fitted signal
plus background compared to the data, for the electron amshitiiannels. The bottom three plots show the
background-subtracted data compared to the fitted sigirahé electron and muon channels separately and
for the combination of the channels.
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