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The ATLAS prospects for the measurements of theWW , W Z andWγ cross sections and the limits

on the anomalousWW Z andWWγ couplings at 14 TeV are summarized. The strategy to extract

the signal and measure the triple gauge boson couplings is presented, focusing on early LHC data-

taking. The results are obtained with full simulations of ATLAS detector, with included trigger

selection, detector calibration and alignment corrections.
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Diboson Physics with ATLAS Lj. Simić

Introduction. The local gauge symmetry of the Standard Model (SM) generates self interac-
tions of the gauge fields which manifest themselves as a coupling of three or four gauge bosons
such asWWZ, WW γ or WWZγ , WW γγ . Within the SM the structure and the strength of these
couplings are completely determined by theSU(2)L ×U(1)Y symmetry and precise measurement
of these couplings can either additionally confirm the SM or may indicate a new physics at an un-
probed energy scale. The production of diboson pairs at the LHC provides a direct test ofWWZ
andWW γ couplings at the highest possible energies.

In this report we summarize the most recent ATLAS results [1]on the strategy for studyWW ,
W Z andW γ production and the prospects for probing theWW Z andWW γ triple gauge-boson cou-
plings. These results are obtained with full simulation of the ATLAS detector, which include trigger
selection, detector calibration and alignment corrections. For the analysis, the leptonic (l = e or µ)
decay modes ofW andZ vector bosons are used. Signal and main background processes are mod-
eled with MC@NLO+HERWIG (WW , WZ, ZZ, tt̄), PYTHIA (W γ , Z) and ALPGEN+HERWIG
(W/Z+ jets) generators.

WW production. At the LHC energies theW pairs are produced through both quark-anti-
quark annihilation,qq̄ → W +W− (∼ 95%) and gluon-gluon fusion,gg → W +W−(∼ 5%). The
total NLO cross section forqq̄ → W +W− production is 111.6 pb, and 5.2 pb for the leptonic
(l = e, µ) decay modes. The signature of theWW fully leptonic final state is two highpT isolated
leptons of opposite sign and large missing transverse energy (/ET ). The events are triggered by
a single isolated electron or muon withpT > 25 GeV or pT > 20 GeV. The trigger efficiency
is 96− 98%. Main background SM processes with similar signature are: tt̄, Z/γ∗, W±Z, ZZ,
W+jets/γ where the jet/γ fakes an isolated electron or the jet contains a muon. Signalseparation
from the background (Fig.1) can be achieved with the following cuts: (1) two isolated leptons of
opposite sign, withpl

T > 20 GeV and| η |< 2.5; (2) no jets withp jet
T > 20 GeV and| η |< 3; (3)

/ET > 50 GeV; (4)| MZ −m(l+l−) | > 15 GeV; (5)φll < 2 rad, orΦ(pll
T , 6 pT ) > 1750. With 1 fb−1

of data, about 104 signal and 19 background events are expected. Multivariate Boosted Decision
Trees (BDT) [2] technique can further improve signal efficiency. Using this technique, about 469
signal and about 92 background events are expected. The one-dimensional 95% C. L. limits on
anomalousWWZ andWW γ couplings [1] are:−0.035< ∆κZ < 0.073,−0.040< λZ < 0.038,
−0.149< ∆g1

Z < 0.309,−0.088< ∆κγ < 0.089, and−0.074< λγ < 0.165, for form factor scale
ΛFF = 2 TeV, and for 10 fb−1 of data. The two-dimensional 95% C. L. limits with HISZ assumption
[3], for various integrated luminosities are shown in Fig.1.

W±γ production. At the LHC,W±γ pairs are produced throughqq̄′ scattering. The totalW±γ
NLO cross section, for a photonEγ

T above 7 GeV and a lepton-photon separation∆R(l,γ) > 0.7,
is predicted to be 451.6 pb, dropping to 97.4 pb ifW decays leptonically (l = e, µ). The signature
of W γ is one isolated highpT lepton (e or µ), one isolated highEγ

T photon, and large/ET from
theW neutrino. Three trigger types are investigated (isolated muon with pT > 20 GeV, isolated
electron withpT > 22 GeV and photon withEγ

T > 50 GeV) and trigger efficiency is≈ 80%. The
dominant background is inclusiveW production with final state radiation (FSR),W+jets with jet
mis-identified as photon and inclusiveZ production with one electron mis-identified as photon. The
BDT method is used to select theW±γ events. Three trainings are done to separatelγν events with
FSR photons, signal photons from fake photons, and signal photons from the contamination ofZ
inclusive events. With 1 fb−1 of data, the expected number ofW±γ and background events is 1604
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Figure 1: Left: pT distribution of leptons, forWW events and
∫

Ldt = 1 fb−1, after applying kinematic cuts;
Right: 95% C. L. contour curves in the∆κZ, λZ plane, for various

∫
Ldt andΛFF = 2 TeV.

and 1183 ineγν channel and 2166 and 1342 inµγν channel. Thek factors used for the signal and
background corrections to NLO cross sections are 1.66 and 1.3. The expected limits on anomalous
WW γ couplings at 95% C.L. are:−0.26< ∆κγ < 0.07,−0.05< λγ < 0.02, forΛFF = 2 TeV, and
for 10 fb−1 of data.

W±Z production. The NLO cross section forW±Z production at 14 TeV is 47.8 pb, and
0.72 pb for leptonic (l = e, µ) channels andZ on mass shell. This process has a very distinct
experimental signature with three highpT leptons and high/ET . At least two leptons must have
like-flavour of opposite sign and invariant mass consistentwith the mass ofZ boson. Background
processes includeZ+jets, Zγ , ZZ and tt̄ production. Signal extraction can be achieved with the
following cuts: (1) two same-flavour opposite sign leptons,which satisfy|M(ll)−MZ| < 10 GeV,
and at least one withpT > 25 GeV; (2)/ET > 25 GeV; (3) vector sum of jet transverse momenta
less than 200 GeV; (4) vector sum ofpT of charged leptons and/ET less than 120 GeV; (5) third
lepton (not fromZ decay) is required to havepT > 20 GeV, and transverse massMT determined by
the third leptonpT and /ET must be within 40< MT < 120 GeV. For 1 fb−1 of data 53WZ and 7
background events are expected. With BDT analysis the number of expectedWZ and background
events is 128 and 16 respectively for 1 fb−1 of data. Expected limits on anomalousWWZ couplings
at 95% C.L. are:−0.095< ∆κZ < 0.222,−0.015< λZ < 0.013, and−0.011< ∆g1

Z < 0.034, for
ΛFF = 2 TeV, and for 10 fb−1 of data.

Summary. The increased energy and luminosity at the LHC will allow for substantial progress
in diboson physics studies and marks a new sensitivity domain with respect to that currently avail-
able from the Tevatron data. The results show that ATLAS can measure theWW , W γ andWZ
signal with early (≈ 100 pb−1) LHC data. With 10 fb−1 charged triple gauge boson couplings can
be measured with an accuracyO(10−2) assumingΛFF = 2 TeV.
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