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1. Introduction

After QCD jets,W, andZ bosons, the production of top-quarks will be the dominantess
at the LHC. The measurment of the cross-section of top-gpaik production is important for
many reasons. It will provide an important test of the Statididodel as theoretical predictions are
now at the level of around 10%. An abundéinsample will also serve as a useful calibration tool
for reconstructed objects such as jets and misEingIn addition,tt events will be a significant
background for many new physics searches. Thus, a well studeitt cross-section measurement
is essential at the LHC. In the Standard Model, top-quarksylalmost exclusively into\ boson
and ab-quark. Top-pair events are characterized by the numbaflmdsons that decay leptonically.
Considered in section 2 is thdilepton channe[1], where bothw bosons decay leptonically. In
section 3, theingle lepton channdR] is discussed, where oWg decays leptonically and the other
hadronically. The studies presented here are based onasiomd with 10 TeVpp collisions.

2. Dilepton Channel

Though the dileptomt branching ratios are small, the presence of two leptonsiges\a very
clean signature. Dileptott events are selected by requiring exactly 2 tight opposge Eptons
(electrons or muons) witlpr > 20 GeV and|n| < 2.5, Bt > 35 GeV foreeand uu events or
Fr > 20 GeV foreu events, and at least 2 jets with > 20 GeV andn| < 2.5. For theeeandu
channels, events with a dilepton invariant mass within 5 Gete Z mass (91 GeV) are vetoed in
order to further suppress the Drell-Yan background.

Figure 1 shows the jet multiplicity distributions for theffdrent contributions after all cuts
except on the number of jets. Due to difficulties in modeling background distributions in the
tail regions, methods for background estimation using det@n techniques have been developed.
The largest contributions are expected to be the Drell-Yackground as well as fakes coming
from QCD and\/+jets.

As outlined above, two main selections are used to supphes®rell-Yan events: one on
Ft and one on the invariant mass of the two same flavour leptome Direll-Yan background
is estimated by scaling the Monte Carlo prediction in théregions of each of these distribu-
tions individually (where Drell-Yan still dominates) to teh the observed number of events in the
corresponding tail regions of data and then extrapolatirttye signal region.

To estimate the background coming from fakes, we first meabr efficiencye (using a tag
and probe method oB — Il events) and the fake rafe(using data samples dominated by fakes)
of our lepton selections. A loose and tight lepton selectiodefined and three different types of
reconstructed events are considered: events with two lggiidbns and events where the highest
pr lepton is tight (loose) and the other loose (tight). At thehrlevel, events again come in three
types: events with two real leptons and events where theehigh lepton is real (fake) and the
other fake (real). The truth level events are related to #oenstruction level events through a
matrix equation using the measured fake rates and effigign¥vith this equation, an estimate for
the number of events coming from fakes can be determined.
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Figure 1: Jet multiplicity distributions for theechannel (left) u u-channel (centre), angli-channel (right)

The cross-section is extracted by maximizing the followlikglihood function:

icbins

L(0sig.-Z,a;) = [] |PoisN®ING)Gaus Z1.7, 0.7) [ Gaugd; = 0laj, A = 1) | (2.1)
J

whereN°™ is the number of observed events in fiejet multiplicity bin, Nig; is the num-
ber of expected events in that bi&’ is the luminosity (with.Z being the nominal value andy
the uncertaintiy), and the;j represent the various systematic uncertainties groupehl that the

corresponding variations in the efficienciesre expected to be uncorrelated. The final system-
L(0sig,Z,0 )
~ L(Gsig,-Z,a)
# and 3{,- are found from maximizing the likelihood while holdingq fixed. The distribution
—2logA (agge) is used along with Wilk’s theorem to establish a confidenterial. The expected
number of signal events after all selections, the signddatckground ratio, and the statistical and

systematic uncertainties with 200pbat 10 TeV for each channel are shown in table 1.

atic uncertainty is estimated from the likelihood profilefided asA (0sig) = , Where

3. Single Lepton Analysis

The single lepton channel has the benefit of higher statisii@ to higher branching fractions
than the dilepton case (about 15% for each flavour). Evemrtselected by requiring exactly 1
tight lepton (electron or muon) withr > 20 GeV andn| < 2.5, Fr > 20 GeV, and at least 4 jets
with |n| < 2.5 andpr > 20 GeV, 3 of which withpy > 40 GeV. A hadronic top-quark candidate
is reconstructed by finding the 3 jet combination whose tptals the greatest among all 3 jet
combinations. At this point, an optioniahy-cut can be applied by requiring that at least one of the
three 2 jet combinations is within 10 GeV of thémass.

It is possible that an accurate understanding of the midsingeasurement will require sub-
stantial commissioning. One variation in the selection® iperform the measurement without a
missingEr cut in favor of a cut on HT2 (scalar sum of tipg of the lepton and the™, 39, and
4 jet). This is motivated by the fact that in QCD, the energydgeto be dominated by the two
leading jets, in contrast th events which share the energy more equally. The leptoandn cuts
are tightened in this variation of the analysis.

The easiest way to determine the cross-section is to use-andutount method using the
equationo = % = N°f;;'ib"g, where.Z is the luminosity anc is the signal efficiency. One of
the most important backgrounds in this analysi§\isooson production in association with jets.
The Monte Carlo predictions for the fraction \&f events which are produced with 4 or more jets
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Figure 2: Fit to the top-quark candidate invariant mass distributiogy; ) for thee+ jets channel (left) and
the u + jets channel (right)

have a large uncertainty. Since tt&to Z ratio uncertainty is smaller, we can estimate ke
contribution to the signal region by measuring the raticAbfo Z events in a control region in
data and extrapolating to the signal region. The expectatbeuof signal events and the expected
uncertainties using the cut-and-count method for 200t 10 TeV are shown in table 1.

Another way to extract the cross-section is to do a fit to thet Biyariant mass to determine the
signal size. After thaviy-cut, a binned maximum likelihood fit is performed with a Gsiaa for
the 3 jet invariant mass and a 6th order Chebyshev polyndorighe background. The integral of
the fitted Gaussian is then used as an estimator for the nushberrectly reconstructett events.
The fits for each channel are shown in figure 2.

4. Summary

Some of the methods used to measure the top-pair crosesetith early data at ATLAS
have been summarized. For the dilepton channels, a simipdé selections have been studied and
a likelihood method to extract the cross-section has beeslalged. For the single lepton channels,
again a simple set of selections have been defined along eittra variations. Both cut-and-
count and fit methods for extracting the cross-section haes Istudied. Expected sensitivities at
\/S=10TeV for 200pb* for all channels are summarized in table 1.

Channel S SB || Ao(stat)/o Ao(sysh/o Ao(lumi)/o
ee 209 | 39 +7.8/—75 | +139/-127 | +263/-173
[ 327 | 3.8 +6.2/—-6.0 | +102/-89 | +262/-174
eu 683 | 56 +4.1/—-4.0 | +102/-94 | +262/-174
e+jets 1286 | 2.1 +3.4 +14.4/—152 +223

U +jets 1584 | 2.0 +3.1 +119/-147 +222

Table 1: Table showing expected number of signal events, signbhtikground ratio, and uncertainties
with 200pb ™ of 10 TeV data. The single lepton channels show results ubigut-and-count method.
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