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1. Introduction

The measurement of the top quark pair production cross-section is one of the key milestones
for the Large Hadron Collider (LHC) physics programme. The precision achieved in the theoretical
calculcations of the cross-section is now at the level below 10%. Therefore, a precise measurement
of the cross-section allows for precision tests of perturbative QCD. In addition, tt production is an
important background to the search for Higgs boson and various searches for physics beyond the
Standard Model (SM). New physics may also give rise to additional tt production mechanisms or
modification of the top quark decay channels, which can affect the measured tt cross-section.

In the SM the tt production cross-section in pp collisions is calculated to be 165 +11
−16 pb [1, 2, 3]

at a centre-of-mass energy
√

s = 7 TeV assuming a top quark mass of 172.5 GeV. Top quarks are
predicted to decay to a W -boson and a b-quark (t → Wb) nearly 100% of the time. Events with
a tt pair can be classified as ‘single lepton’, ‘dilepton’, or ‘all hadronic’ according to the decays
of the two W -bosons: each can decay into quark-antiquark pairs (W → q1q̄2) (in about 2/3 of the
decays) or a lepton-neutrino pair (W → `ν) (in about 1/3 of the cases). Only the leptonic decays
of the W to an electron or muon are considered, including the small contribution from W → τ → e
and W → τ → µ .

At the Tevatron the tt cross-sections at
√

s = 1.8 TeV and at
√

s = 1.96 TeV have been mea-
sured by CDF [4, 5] and and DØ [6, 7] in most channels. Recently, CMS and ATLAS presented
the first measurements of the tt cross-section at

√
s = 7 TeV at the LHC [8, 9].

This document summarizes the results obtained by ATLAS on the tt production cross-section
available in July 2011. That includes the measurements obtained in the dilepton channel using 0.70
fb−1 of data collected in 2011 [10] (Section 2), those obtained in the single lepton channel with
the full 35 pb−1 of data recorded in 2010 [11, 12] (Section 3), and a search for tt production in the
all-hadronic channel using the 2010 dataset [13]. A combination of the measurements obtained in
the di-lepton and single lepton channels [14] is also presented in Section 4.

2. Measurement of the tt production cross-section in the dilepton channel

The tt production in the dilepton channel, which corresponds to about 5% of the tt decays,
yields an event with two opposite-sign leptons, unbalanced transverse momentum indicating the
presence of neutrinos from the W -boson decays and two b-quark jets. These final states can be
selected with a good signal-to-background ratio using simple kinematic requirements on the final
state objects. With the additional requirement of the presence of a jet consistent with arising from
a b quark, the signal-to-background ratio can be further improved. Two complementary measure-
ments with and without b-tagging requirement suffering from different systematic uncertainties
were performed, in which the leptons include both reconstructed electrons and muons, using a total
of 0.70 fb−1 of data collected in 2011.

The analysis requires collision data selected by an inclusive single lepton trigger (e or µ) that
is fully efficient for leptons satisfying pT > 25 GeV. One of the well-identified leptons and the
trigger object are required to match within ∆R < 0.15. The candidate events contain exactly two
oppositely-sign leptons and at least two jets. In order to reject backgrounds from bottom quark
production and vector meson decays, events are required to have m`` > 15 GeV. Events with ee and
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Figure 1: (Left) Multiplicity distribution of b-tagged jets in ee, µµ and eµ events. Contributions from
diboson and single top-quark events are summarized as ’Other EW’. (Right) Cross-section summary in the
dilepton channel.

µµ channels must satisfy Emiss
T > 60 GeV, to suppress multi-jet background, and m`` must differ

by at least 10 GeV from the Z-boson mass to suppress background from Z/γ ∗+jets. For the eµ
channel, instead of cuts on Emiss

T and m``, HT , defined as the scalar sum of the transverse energies
of the two selected leptons and all selected jets, must satisfy HT > 130 GeV. For the analysis
requiring one b-tagged jet, the Emiss

T requirement for ee and µµ channel was relaxed to 40 GeV,
while the HT requirement for eµ events was set at HT > 140 GeV.

The cross-section was extracted using a cut and count method, where the number of expected
background events are subtracted from the number of candidate events passing the selection crite-
ria, and the cross-section is measured taking into account the tt signal acceptance obtained from
Monte Carlo. Background contributions from Z/γ ∗+jets and events with misidentified leptons are
evaluated directly from data. The contribution for other electroweak background processes with
two real leptons, such as single top quarks, Z → ττ , WW , ZZ and WZ production are determined
from Monte Carlo simulations. In Figure 1 (left) the number of selected b-tagged jets and the
expectation for 0.70 fb−1 is shown for the analysis with b-tagging requirement after applying all
selection criteria except the b-tagged jet multiplicity cut, with the three channels combined (ee, µµ
and eµ). For both analyses, the results of the three channels were combined using a likelihood fit.
The impact of systematic uncertainties from leptons, jets, pile-up, theoretical cross-sections, data
driven methods, generation and simulation were included into the likelihood fit.

Figure 1 (right) summarizes the cross-sections extracted for the individual channels and for the
combination of all channels for the the two complementary analyses with and without b-tagging re-
quirement. Dominant systematics come from the luminosity and jet energy scale uncertainties, be-
ing the b-tagging calibration uncertainty also an important source for the analysis using b-tagging.
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3. Measurement of the tt production cross-section in the single lepton channel

Single lepton tt events, , which corresponds to about 30% of the tt decays, are characterised by
the presence of an electron or muon, jets and missing transverse energy in the final state. The events
selected for analysis were triggered by a single lepton trigger. They were required to contain exactly
one reconstructed lepton with pT >20 GeV, matching the corresponding high level trigger object.
The Emiss

T was required to be greater than 35 (20) GeV in the electron (muon) channel and the
transverse leptonic W mass was required to be greater than 25 GeV (60 GeV-E miss

T ) in the electron
(muon) channel. The requirement was stronger in the electron channel to suppress the larger multi-
jet background. Finally, events were required to have three or more jets with pT > 25 GeV and
|η | <2.5 GeV.

The main backgrounds to tt signal events arise from W -boson production in association with
jets (in which W decays leptonically) and from QCD multi-jet production. Relatively smaller back-
grounds also arise from Z+jets, diboson and single top production. The multi-jet background was
measured with a data-driven approach. The other smaller backgrounds have been estimated from
MC simulations, normalized to the latest theoretical predictions. The MC simulation is expected
to predict correctly the W+jet kinematical distributions, but not the relative normalizations of the
different jet multiplicities, which are then extracted from the fit described below.

Two different approaches were used to extract the top quark pair cross-section from the full 35
pb−1 of data recorded in 2010. One exploits only the kinematic differences between tt and the dom-
inant W+jets background, while the other one adds b-tagging information to further separate signal
and background. A likelihood discriminant is built from well modeled event kinematics variables,
as uncorrelated as possible and leading to reduced statistical and jet energy scale uncertainties on
the measured cross-section. The variables used are: aplanarity, lepton charge and pseudorapidity
η for the non-b-tag analysis; aplanarity, HT,3p, as sum of the transverse momenta of all jets except
for the leading two, normalized to the sum of longitudinal momenta of all reconstructed objects,
lepton η and average b-tagging algorithm output of the two most b-like jets for the b-tag analysis.

The tt production cross-section was extracted from a binned likelihood fit to data, in which the
multi-jet and smaller backgrounds were fixed to their expected contributions. To provide maximum
sensitivity, the fit is performed simultaneously to different subsamples: with 3 and ≥ 4 jets (3, 4
and ≥ 5 jets) for the non-b-tag (b-tag) analyses in the electron and muon channels separately.

The analysis using b-tagging incorporates systematic uncertainties as nuisance parameters in
the fit allowing data to constrain these uncertainties, while the uncertainties from the non-b-tag
analysis are obtained from ensemble tests. The results of the fits are shown in Figure 2 (left).

The measured cross-section was σtt = 186±10(stat.)+21
−20(syst.)±6(lumi.) for the analyses us-

ing b-tagging information and σtt = 171±17(stat.)+20
−17(syst.)±6(lumi.) for the one not relying on

b-tagging. Systematic uncertainties are dominated by the b-tagging calibration and the knowledge
of the heavy flavour fraction of the W+jets background for the analysis using b-tagging and by the
initial and final state radiation modeling and jet energy scale uncertainties for the analysis without
b-tagging.
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Figure 2: (Left) Distribution of the likelihood discriminant D for the single lepton analysis using b tagging.
(Right) Dependence of σtt on

√
s.

4. Combination of tt cross-section measurements in lepton channels and conclusions

A combination of the measurements obtained in the dilepton channel with 0.70 fb−1 of data
taken in 2011 without using b tagging information and in the single lepton channel using b-tagging
with the full 35 pb−1 of 2010 data was performed. Common sources of systematic uncertainties in
the different analyses were treated consistently in order to perform the combination. The result ob-
tained was σtt = 176±5(stat.)+13

−20(syst.)±6(lumi.). The dominant systematic uncertainties come
from W+jets heavy flavour content, the dilepton fake lepton background estimate, reconstructed jet
identification efficiency, jet energy scale and initial and final state radiation.

Figure 2 (right) summarizes the measurements of the tt cross-section obtained from Tevatron
and LHC experiments overlaid on the theoretical predictions as a function of the center-of-mass
energy. The ATLAS combined measurement presented in this note, which has a total error of
8.2% is approaching the precision of recent Tevatron cross-section combinations. The precision
achieved is significantly better than that obtained in the previous ATLAS measurement based on
2010 data [9]. The result shows a good agreement with the SM predictions as well as with the CMS
measurement. In the all hadronic channel, a search for tt production was performed with 36 pb−1

of data collected in 2010, setting a 95% confidence level upper limit of 261 pb, compatible with
the predicted SM cross-section and the ATLAS measurements. Measurements of the cross-section
in this channel, as well as in the tau final states channels are in progress, together with differential
cross-sections and measurements of the associated production of jets in tt events.
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