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First measurements by the ATLAS experiment are presentédedV — ¢v andZ — ¢¢ pro-
duction cross section, where= e, 1. The observed 118V — /v and 1257 — /¢ candi-
dates were produced ipp collisions at./s = 7TeV at the LHC. The total integrated lumi-
nosities correspond to approximately 17htfor the W and 225nb? for the Z. The total
inclusive W-boson production cross section times the leptonic brawgchétio is measured to
be [8.5+ 1.3(sta = 0.7(sysy & 0.9(lumi)] nb for theW — ev channel, and10.3+ 1.3(stap +
0.8(syst & 1.1(lumi)] nb for theW — uv channel. The total inclusivB-boson production cross
section times leptonic branching ratio within the invatiamass window 66< my,, < 116 GeV
was measured to H8.72+ 0.11(staf + 0.10(syst + 0.08(lumi)] nb for theZ — ee channel and
[0.89+ 0.10(staf + 0.07(sysh + 0.10(lumi)]nb for theZ — pu channel. Both cross section
values are in good agreement with theoretical calculatadndNLO in QCD. In addition, the
expected charge asymmetry between the cross sectionsfandwW— production is experimen-
tally confirmed.
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1. Introduction

The inclusive production oV andZ bosons with subsequent decay in the electron or muon
channels{ = e, u, are processes with large cross sections at the Large Hadron Cdllidi€) (vith
about 10nb and 1nb, respectively. Their measurement is therefmibliealready using the initial
data. A precision measurement serves a two-fold purpose. Firstly,stittdas an important test
of the Standard Model. The theoretical calculations are available up to NNL@CD [].The
main uncertainty stems from the knowledge of the proton parton distributiactiéuns (PDFs),
which were measured in most of the relevant range with high precision biAERA collider
experiments[[2], albeit at a lower energy scale and involving mostly diffeteuplings to the
partons. Therefore a measurement can be a precision test of QC2lartd kbonstrain the PDFs.
Secondly, the clean signature and the well kn@&ymoperties measured at LEP and SLC [3], makes
these channels important for the detector calibration and the lepton efficrerasurements.

The ATLAS detector is described elsewhere in more defhil [4]. The cuate system is
defined in the conventional way with the beam direction definingtves, 8 measuring the polar
angle w.r.t. the beam axis and the pseudorapidity defingg-as-Intan(6/2). The distancéR
in the n — @ space is defined a8R = /An2+A@?. The detector consists of a inner tracker
system immersed in a 2T solenoidal field to provide tracking information forgeldaparticles
in the range|n| < 2.5. The calorimeter system covers the range< 4.9, using a variety of
detector technologies with electromagnetic and hadronic sections. Thewrlagtretic calorimeter
in the ranggn| < 2.5 is of prime importance for the electron channel measurements. It is divided
into a barrel and endcap parts with the transition regi@7 & |n| < 1.52 excluded for the early
measurements. The muon spectrometer, covering the rangg ef 2.7, is instrumented with
separate triggett)| < 2.4) and high-precision tracking chambers inside large supercondudating a
core toroid magnets. While ATLAS employs a sophisticated three level triggéers, the data
covered in this presentation was taken only using the first level triggedl@sinformation of the
calorimeter and the muon chambers, respectively.

The results presented hefE [5] are compared to expectations basemhtGarlo simulations
(MC). The samples were generated mostly with PytHia [6], then simulated witiNGBAJi], and
reconstructed and treated as the data. For the measurement of theectmsssshe MC samples
are an indispensable tool. Total cross sections are determined fromsthieth eventhl®PS using
two correction factor& andC as

NObS_ kag

Oy iz X BRW — 1V/Z — 04) = CAZ.

(1.1)

Here the facto€ = Nrec/Ngenfid COrrects for experimental effects, like efficiencies, within the fidu-
cial acceptance defined by the selection requireméhtsay also contain corrections of the MC
efficiencies to values determined from data. The faétet Ngenfid/Ngenan iS @ pure MC quan-
tity extrapolating the result to the full phase space outside the kinematic acceotithe detector.
The backgroundsi®9 are determined using data driven techniques for the QCD sources, wéile M
samples are used for the backgrounds involving electro-weak pesceHse integrated luminosity
Lt is known to 11%.
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Figure 1: Transverse mass spectra after full event selection exautliemr requirement for the electron
and muon channels in the left and right panel, respectiVidig signal region is chosen ag > 40GeV.

2. Measurement of theW — ¢v Cross Section

The selection oV — ¢v candidates is relatively straight-forward. One component is the
selection of a well identified high transverse momentpim > 20GeV lepton candidate within
the acceptance of the detector, ilg] < 1.37 or 152 < |n| < 2.47 for the electron anf| < 2.4
for the muon. “Tight” quality criteria are required for the electron taking intocamt various
shower shapes of the calorimeter cluster, track properties and trastlercinatching. The muon
is primarily defined by the tracks in the ID and the muon spectrometer and da&eeduced by
requiring good matching between the two and minimpmrequirements. In addition the track
activity in aAR < 0.4 cone around the muon candidate is required to be small.

The second important component in selecivigandidates is requiring a large missing trans-
verse energyE%T1iSS > 25GeV. This is computed primarily as vectorial sum over all calorimeter
clusters, calibrated for the different response of the calorimeterddaotremagnetic and hadronic
showers. In the muon analysis, the muon is added forEH& reconstruction. The signal is
extracted requiring the transverse mass of the le@8fsystem to be largerr > 40 GeV.

Figure[l shows the transverse mass distribution o¥Wheandidates, where i, = 17 nb1
there are 46 and 72 observed candidates in electron and muon chaspektively, over a small
~ 5% background. A good agreement with the MC prediction is observdtielalectron channel
the main background contributions &&— 1v events and fake electror‘l@.%lJiSS from QCD jets. In
the muon chann&/ — 1v events as well a8 — pu events with one muon escaping the detection
are important.

The experimental correction facto@y have sizable systematic uncertainties for the small
data set. There are contributions from the trigger efficiency (especialheimuon channel), the
lepton reconstruction and identification (especially in the electron chanméle#ects from the
lepton andE?“"“s scale and resolutions. The total systematic uncertainties amount to 8% and 7%
in the electron and muon channels, respectively. The extrapolation dagtoare of the order
0.45— 0.50 depending on channel aid charge with about 3% systematic uncertainty. The total
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Figure2: Dilepton invariant mass spectra excluding the requirement for the electron and muon channels
in the left and right panel, respectively. The signal reggchosen as 66 my, < 116 GeV.

W-boson production cross section is measure@a&st 1.3(stab + 0.7(sysy 4+ 0.9(lumi)|nb and
and[10.3+ 1.3(stad 4+ 0.8(sysd + 1.1(lumi)] nb for theW — ev andW — uv channels, in good
agreement with the NNLO QCD prediction ¢£0.5+0.4) nb. Also the predicted ratio &/ to
W~ cross sections is confirmed within large statistical uncertainties. Hiure Baiegl, shows the
new ATLAS measurements in context of otNércross section measurements at hadron colliders.

3. Measurement of the Z — ¢¢ Cross Section

The selection o — ¢¢ candidates is even simpler than Weselection and requires essentially
only two well identified highpt leptons. The quality criteria are similar to the ones applied for
the correspondinyV — /v measurement, but slightly relaxed in the electron case to give higher
efficiency at still small background levels. FigJile 2 shows the invariargsndéstributions for
the selected lepton pairs. The signal region is defined as 6% < 116 GeV. In.% = 220—
230nb ! there are 46 and 79 observed candidates in electron and muon chaspektively, in
good agreement with the MC prediction. The backgrounds are very siiahh and dominated by
fake electrons from QCD jets and muons from electro-weak backgsouespectively.

The systematic uncertainty on the experimental correction fa@gns dominated by the
lepton efficiencies, which equals to 14% and 7% in the electron and muoyreapectively. The
total Z-boson production cross section within the invariant mass window is mebtsube[0.72+
0.11(stat + 0.10(sysh + 0.08(lumi)]nb and[0.89+ 0.10(staf + 0.07(sysh + 0.10(lumi)] nb for
the electron and muon channels, in good agreement with the NNLO QCD tweadit (0.96+
0.04)nb. Figure[B, right panel, shows the new ATLAS measurements in corftether Z cross
sections at hadron colliders.

4. Summary

The first measurements of thié — /v andZ — ¢¢ production cross sections were performed
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Figure 3: Summary of total inclusivéV andZ cross section measurements at hadron colliders.

with the ATLAS detector. Clear signals with 1¥8 — /v and 1252 — ¢¢ candidates are observed
in good agreement with MC simulations. The total integrated luminosities corrdsp@approxi-
mately 17nb? for theW and 225nb? for the Z. The total inclusivéV- andZ-boson production
cross section times the leptonic branching ratio are measured to be in geedwagrt with theoret-
ical calculations at NNLO in QCD. In addition the expected charge asymmetwelen the cross
sections foW* andW~ production is experimentally confirmed. The results are so far clearly
limited by the available statistics. Measurements on a slightly larger ATLAS datd 3¢6nb*
have meanwhile be publisheld [8].

Future measurements can be expected to yield much more precise result$, stakistical
and systematical uncertainties. They will include as well differential csesion measurements
in terms of interesting observables like the boson or lepton rapidities.
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