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1. Introduction

The observation of top quark pait) production is one of the milestones for the early LHC
physics programmet production is also an important background in various searches fsigshy
beyond the Standard Model (SM) [1], and new physics may give riséddianaltt production
mechanisms or modification of the top quark decay channels. In the Stavidded thett produc-
tion cross-section ipp collisions is calculated to be 1641%‘7‘ pb [2] at a centre of mass energy
\/s=7 TeV assuming atop mass of 172.5 GeV, and top quarks are predictedtotdeiV-boson
and ab-quark ¢ — Wh) nearly 100% of the time. Events withtapair can be classified as ‘single-
lepton’, ‘dilepton’, or ‘all hadronic’ by the decays of the tWé bosons: a pair of quark8{ — qq)
or a lepton-neutrino paik{ — ¢v), wherel refers to a lepton. This paper presents a top quark-pair
production cross-section measuremenyat 7 TeV using ATLAS [3], a general purpose detector
at the Large Hadron Collider at CERN. ATLAS is designed to precisely areadectrons, muons,
missing transverse energy and jets. This measurement utilizes data ootiegpto an integrated
luminosity of 2.9 pbt. The dominant backgrounds to tttesignal are estimated using data-driven
techniques.

2. Event and object selection

The reconstruction df events makes use of electrons, muons and jets, and of missing trans-
verse enerng{“isswhich is a measure of the energy imbalance in the transverse plane and is use
as an indicator of undetected neutrinos. Events are triggered by singde kgbectron or muon)
triggers that are fully efficient in the range > 20 GeV and at least one primary vertex with
at least five tracks is required. Electron candidates are based omthar clusters matched to
Inner Detector (ID) tracks (see definition in Ref. [4]) and requiredulfilf pr > 20 GeV and
|Nauser| < 2.47. Clusters in the transition region between the barrel and the endcajnedérs
(1.37 < |n| < 1.52)) are excluded. Criteria on shower shape and hadronic leakage arseidjm
reject hadronic background. Photon conversions are suppriegsauixel detector hit requirement.
Muon candidates are identified by combined tracking using the ID and Mpeat®meter (MS).
Tracks are required to hay®s > 20 GeV and be withif| < 2.5. Background due to leptons from
decays of hadrons produced in jets are suppressed by isolationeraeguits in the calorimeter and
the tracker, as detailed in Ref. [5]. Jets are reconstructed with théalgerithm [6] R = 0.4)
from topological clusters in the calorimeter. Jets within close proximity to an electndidate
are removed to avoid double-counting of electrons as jets. Jetskfrguarks are selected by the
existence of a secondary vertex spatially displaced from the primaryyvditie missing transverse
energy is constructed from a vector sum of all calorimeter cells containegatogical clusters.
Cells are calibrated to the electron or hadronic energy scale dependihghencells belong to
an electron candidate or a jet respectively. Acceptances and effaseare extracted from Monte
Carlo simulations and verified with data in control regions which are depldtédevents.Scale
factors for lepton efficiencies are derived from a comparison betwatmand simulation in the
Z-boson mass window.
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3. Single lepton channel

The single leptorit final state is characterized by an isolated lepton with relatively pigh
and missing transverse energy corresponding to the neutrino from theténile decay, twdo-
qguark jets and two light jets from the hadronic W decay. Events are seléaedontain exactly
one reconstructed lepton and fulf{'sS > 20 GeV andEMsS+ myr (W) > 60 Ge\E. These require-
ments efficiently suppress background from QCD multi-jets. At least 4 jets wyith 25 GeV
and|n| < 2.5 are required and at least one of the jets has tb-tagged. The dominant back-
ground contributions come froM+jets and QCD multi-jets, where the latter mainly enters the
analysis through a jet misreconstructed as a lepton or through a semilepiguésikoor c-quark
decay. Their contributions are difficult to model precisely with simulation aedtserefore esti-
mated using a set of data-driven approaches further detailed in [®&].sfaller sources of back-
ground, single top and+jets are estimated from simulation. The estimated product of acceptance
and branching fraction fait events, measured from Monte Carlo samples,(are+0.7)% and
(3.2+0.7)% for et+jets andu+jets respectively. Table 1 summarizes the observed event yield, the
estimated total background and thesignal. A number of sources of systematic uncertainty are
accounted for. The dominant contributions are: luminosity measurement, étdtialand final state
radiation, b-tagging, jet energy reconstruction and background oateatisation. Figure 1 shows

etjets Utjets combined
Observed 17 20 37
Total est. background  7.5+3.1 4.7+17 122+39
tt 95+414+31 | 153+44+17 | 248+6.1+3.9

Table1: Observed event yield, estimated total backgroundtasignal, for electrons and muons separately
and combined. The uncertainty on the total background dedistatistical uncertainties in control regions
and systematic uncertainties. The first quoted uncertaimtiett signal yield is statistical, while the second
is from the systematics on the background estimation.

the observed jet multiplicity together with the sum of all expected contributiohs.largest frac-
tion of tt events is concentrated in4-jets bin, which is defined as the signal region and used for
thett signal extraction. Other regions are used as control samples for thenidettion of back-
grounds. As a cross-check that the selected events ardffidesays, the invariant mass is formed
from the combination of the three jets (wih > 20 GeV) with the highest vector supy. This
combination is expected to reconstruct [7] the hadronic top quark caedid@5 % of the cases.
The observed distribution of the invariant masgy; § of the hadronic top quark candidates in the
combined sample shown in Figure 1d demonstrates good agreement of timatiaad information
between the data and the signal+background expectation.

4. Dilepton channel

The dileptontt final state is characterized by two isolated leptons with relatively Ipigh
missing transverse energy corresponding to the neutrinos frolV tleptonic decays, and twio

Imr(w) = \/Zp'T pY(1—cog ¢ — ¢V)) where theEMSSvector provides the neutrino information.
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Figure 1: (a) - (c): Jet multiplicity distributionsife. number of jets withpt > 25 GeV): (a) electron
channel, (b) muon channel and (c) electron/muon combinete data are compared to the sum of all
expected contributions.

(d) Distribution of the invariant mass of the 3-jet combioathaving the highegtr for the combined sample
with > 4 jets. The background uncertainty on the total expectasioepresented by the hatched area.

quark jets. Events are required to have exactly two oppositely-chargemh&eee, uu or eu)
each satisfyingpr > 20 GeV, where at least one must be associated to a leptonic high-levertrigg
object. Futhermore, at least two jets wiph > 20 GeV and with|n| < 2.5 are required, but no
b-tagging requirements are imposed.

To suppress backgrounds frafwjets and QCD multi-jet events in tlee channel, the missing
transverse energy must satigif'ss > 40 GeV, and the invariant mass of the two leptons must
differ by at least 5 GeV from th& boson mass,e. |me —Mz| > 5 GeV. For the muon channel, the
corresponding requirements dfé“ss> 30 GeV andm, —mz| > 10 GeV. For theey channel,
no E?“SS or Z boson mass veto cuts are applied. However, the étgntlefined as the scalar sum
of the transverse energies of the two leptons and all selected jets, mufst Bgtis 150 GeV to
suppress backgrounds frafrtjets production.

Finally, to remove events with cosmic-ray muons, events with two identified muitim¢ange,
oppositely signed transverse impact parametys-(500 um) and consistent with being back-to-
back in ther — ¢ plane are discarded. Tf@“ss, Z boson mass window, antdr cuts are derived
from a grid scan significance optimisation on simulated events which includésnsgtic uncer-
tainties. The estimatetl acceptances including tiiebranching ratios, given a dilepton event, in
each of the dilepton channels ar4% (ge), 0.38% (uu) and 081% u). The dominant back-
ground contributions come fro@jets (foreeanduu) and fromW-+jets (foreeandeyu). The latter
enters the analysis through jets misreconstructed as leptons. Theseutmmtsilare estimated us-
ing a set of data-driven approaches further detailed in [5]. The snsaleces of background:

Z — 171, single top and diboson productioW\¥,WZ andZZ) are estimated from simulation.

Figure 2 shows the predicted and observed distributio@lb*\sfor theee and uu channels
and ofHy for the ey channel. The predicted and observed multiplicities of all jets are compared
in Figure 3a-c for each channel individually. Figure 3d shows the samie-tagged jets for all
channels combined. The latter shows that a majority of the selected evertathaast ond-
tagged jet, consistent with the hypothesis that the excess of events oestithated background
originates fromtt decay. The number of expected and measured events in the signal aegion
shown in Table 2. A number of sources of systematic uncertainty are atecbfor. The dominant
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contributions in the dilepton channel are: luminosity measurement, signal simmulgicnergy
reconstruction and background rate normalisation.

ee MU el
Observed 2 3 4
Total est. background 0.60+0.27 | 0.88+0.40 | 0.97+0.30
tt 1.19+0.19 | 1.874+0.26 | 3.85+0.51

Table 2: Observed event yield, estimated total backgroundtasignal for theee, pu andeu channels. All
systematic uncertainties are included.
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Figure 2. The EIsS distribution for (a) theee channel without theE™Ss > 40 GeV requirement, (b) the
pp channel without theE!™Ss > 30 GeV requirement, and (c) the distribution of tHe, defined as the
scalar sum of the transverse energies of the two leptonslbselected jets, in the signal region without the

Ht > 150 GeV requirement.
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Figure 3: Jet multiplicities for (a) thee channel, (b) the:u channel and (c) theu channel. Thé-tagged
jet multiplicity is shown for (d) the combined dilepton chreah with theNj«s > 2 requirement.

5. Cross-section measurement

The cross-section is measured in each decay channel and translataal imbtusivett cross-
section using th&/ — ¢v andt — ¢vv; branching ratios. The combined measurement otithe
production cross-section is based on a likelihood fit in which the numbexp#ated events is

modeled as
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N®P(ai, aj) = L-&i(aj) - Utt‘+; L - &okg(Q]) - Obkg(j) + Nop (0j) (5.1)
g

whereL is the integrated luminosityis the signal acceptancayg, Oukg are the efficiency and
cross-section for backgrounds as obtained from MC simulation regplcAndNpp is the number

of expected events from data-driven estimates. The acceptance euytdaand estimates depend
on sources of systematic uncertainty labelled asSources of systematic uncertainties are grouped
into subsets that are uncorrelated to each other. However each gnohjpwe correlated effects on
multiple signal and background estimates. Table 3 lists the cross-sectiosgyaatisignificance
for the single-lepton, dilepton and the combined channels with the correisgpstatistical and
systematic uncertainties extracted from the likelihood fit. By combining all fiancéls, the
background-only hypothesis is excluded at a significance&d 4btained with the approximate
method of [8]. The absence of bias in the fit is validated by pseudoiexgets.

Channel ot [pb] Signal significancéo]
etjets 105+ 46 753 -

p+ets 168+49 '35 -

= 103723 7% -

HH 185715, 55 -

e 1291100 22 :

Single lepton channels 142+ 34 739 4.0
Dilepton channels 15117837 2.8

All channels 145+ 31152 4.8

Table 3: Measured cross-sections in each individual channel andarcombined fit. The uncertainties
represent the statistical and combined systematic uriicteespectively.

6. Summary

Measurements of thi production cross-section in the single-lepton and dilepton channels
using the ATLAS detector are reported. In a combined sample of 29 83 tt candidate events
are observed in the single-lepton topology, as well as 9 candidate evehésdilepton topology,
resulting in a measurement of the inclusiveross-section of

o = 145431132 pb.

This is the first ATLAS Collaboration measurement making simultaneous usecohstructed
electrons, muons, jetd-tagged jets and missing transverse energy, therefore exploiting the full
capability of the detector. The cross-sections measured in each of tteufivehannels are con-
sistent with each other and kinematic properties of the selected eventsnaisteot with SMtt
production. Furthermore, the cross-sections is in good agreement wéhm#tasurements and
the approximate NNLO top quark cross-section calculation [9]. With theppetive of having a
higher statistics data sample, the statistical and systematic uncertainty tbretbss-section will
decrease and a precise measurement can challenge the SM predictidrob&3CD calculations
and constrain the parton distribution functions. Larger samplésefents will also be critical in
precision studies of the production, mass and decay properties of tdgsgaad be vital in new
physics searches in which St¥production is an important background.
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