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The inclusive tt̄ production cross-section is measured in the lepton+jets channel using 20.2 fb−1

of proton–proton collision data at a centre-of-mass energy of 8 TeV recorded with the ATLAS
detector at the LHC. Major systematic uncertainties due to the modelling of the jet energy scale
and b-tagging efficiency are constrained by separating selected events into three disjoint regions.
In order to reduce systematic uncertainties in the most important background, the W+ jets pro-
cess is modelled using Z+ jets events in a data-based approach. The inclusive tt̄ cross-section is
measured with a precision of 5.7 % to be σtt̄ = 248.3±0.7(stat.)±13.4(syst.)±4.7(lumi.) pb,
assuming a top-quark mass of 172.5 GeV. The result is in agreement with the Standard Model
prediction.
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1. Introduction

The top quark is an elementary particle in the Standard Model of particle physics. Being the
most massive known elementary particle, makes it very important to study its properties. These
studies provide both a precise probe of the Standard Model and a window for physics beyond
the Standard Model. In proton-proton collisions, the dominant production process of top quarks
is pair production (tt̄ production) via the strong interaction. The measurement of the production
cross-section reported here is performed in the semileptonic decay mode (lepton+jets), where one
W boson decays leptonically and the other W boson decays hadronically, i.e. (tt̄ → `νb+ qq̄′b̄)
[1]. The analysis is based on data collected with the ATLAS detector at the LHC corresponding to
an integrated luminosity of 20.2 fb−1 at a pp centre-of-mass energy of

√
s = 8TeV. This analysis

supersedes the previous measurement from the ATLAS collaboration which achieved a total un-
certainty of 9.4 % using the same dataset [2]. The measurement is in agreement with the Standard
Model theoretical prediction, which is σ(pp→ tt̄) = 253+13

−15 pb. [3].

2. Event selection

The ATLAS experiment is described in details here [4]. tt̄ events in the lepton+jets channel are
identified to include electrons and muons, jets, some of which are b-tagged for likely containing
b-hadrons, and sizable missing transverse energy. The identification and reconstruction of physics
objects are not mentioned here. Details can be found in References [5, 6, 7, 8, 9].

Selected events are required to have one isolated charged lepton, i.e. an electron or muon,
with transverse momentum pT > 25GeV. Electrons are required to be within pseudo-rapidity
|η |< 2.47, excluding the calorimeter overlap-region 1.37 < |η |< 1.52. Muons are selected within
|η |< 2.5. Events must have at least four jets with pT > 25GeV and |η |< 2.5. At least one of the
jets has to be b-tagged. To enhance the fraction of events with a leptonically decaying W boson,
events are required to have Emiss

T > 25GeV and the transverse mass mT(W ) of the lepton - Emiss
T

system is required to be

mT(W ) =

√
2pT(`) ·Emiss

T

[
1− cos

(
∆φ

(
~̀,~Emiss

T

))]
> 30GeV, (2.1)

with pT(`) the transverse momentum of the charged lepton and ∆φ the angle in the transverse plane
between the charged lepton and the ~Emiss

T .

3. Backgrounds estimation and modelling

The dominant background to tt̄ production is W+ jets production. This analysis uses a sample
defined from collision data to model the discriminant distribution shapes for this background, while
the normalisation is determined in the final fit. The multijet background is also modelled using
collision data but normalised using control regions. All other backgrounds, i.e. single top, Z+ jets
and diboson production, are determined using simulated events and theoretical predictions.
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3.1 W+jets background

The method to obtain a modelling of the W+ jets background shape from data is based on
the similarity of the production and decay of the Z boson to that of the W boson. An almost
background-free Z+ jets sample is selected from data by requiring events to contain two opposite
charged leptons of the same flavour, i.e. e+e− or µ+µ−. The dilepton invariant mass m(``) has to
match the Z-boson mass (80≤ m(``)≤ 102GeV). These events are then “converted” into W+ jets
events. This is achieved by boosting the leptons of the Z-boson decay into the Z boson rest-
frame, scaling their momenta to that of a lepton decay from a W boson by the ratio of the boson
masses (mW/mZ) and boosting the leptons back into the laboratory system. After this conversion,
one of the leptons is randomly chosen to be removed, and the ~Emiss

T is re-calculated. Finally, the
event selection cuts discussed in Sect. 2 are applied, except for the b-tagging requirement. In the
following, this sample is referred to as the ZtoW sample.

3.2 Multijet background

In order to construct a sample of multijet background events, different methods are adopted
for the electron and muon channels. The “jet-lepton” method [10] is used in the electron channel
to model the background due to fake electrons using a dijet sample, where a jet that passes the
selection cuts of a signal electron is selected to resemble the electron. The “anti-muon” method [10]
is used in the muon channel. A dedicated selection on data is performed to enrich a sample in events
that contain fake muons, by changing some of the muon identification cuts. The normalisation of
the multijet background is obtained from a fit to the observed Emiss

T in the electron channel or
mT(W ) distribution in the muon channel.

4. Systematic uncertainties

Several sources of systematic uncertainties affect the tt̄ cross-section measurement. In addi-
tion to the luminosity determination, they are related to the modelling of the physics objects, the
modelling of tt̄ production and the understanding of the background processes. All of them affect
the yields and kinematic distributions (shape of the distributions) in the three signal regions. The
systematic uncertainties are evaluated using pseudo-experiments. Details about the sources and
evaluation of systematic uncertainties are explained in [1].

5. Extraction of the tt̄ cross-section

Selected events are separated into three disjoint signal regions. SR1 (≥ 4 jets, 1 b-tag) has the
highest background fraction and the highest selected signal events. SR2 (4 jets, 2 b-tags) provides
an unambiguous association of the reconstructed objects to the top-quark decay products. SR3 (≥ 4
jets, ≥ 2 b-tags excluding events from SR2 ) has the smallest background fraction.

For the determination of the tt̄ cross-section, a discriminant variable in each signal region is
defined. The number of tt̄ events is extracted using a simultaneous fit of all three discriminant dis-
tributions to observed data. In order to reduce systematic uncertainties due to the jet energy scale
and b-tagging efficiency, their effects on the signal and background distributions are parametrised
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with nuisance parameters, which are included in the fit. The ratio of single to double b-tagged
events, i.e. the ratio of events in SR1 and the sum of events in SR2 and SR3 together is sensitive
to the b-tagging efficiency. In SR1 and SR3, the output distribution of an artificial neural network
(NN) [11] is used. Seven variables are chosen as input to the NN. These variables are based on
invariant masses between jets and leptons, event shape observables and properties of the recon-
structed top quarks. For the training of the NN, an equal number of simulated tt̄ events and ZtoW
events is used. The discriminating power of the NN between ZtoW and tt̄ events can be seen in
Fig. 1(a) for SR1 . Since in SR2 the background contribution is very small, a different distribution
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Figure 1: (a) Probability densities of the neural-network discriminant oNN for the simulated tt̄ signal pro-
cess and the W+ jets background process derived from data using converted Z+ jets events for SR1 . (b)
Probability densities for the tt̄ signal process of the m( j j) distribution for three different values of the JES,
where events beyond the x-axis range are not shown and the range is restricted to show the peak [1].

is used as the discriminant in the final fit, which is the invariant mass of the two untagged jets
m( j j). The m( j j) is frequently utilised in several measurements of the top quark mass to reduce
the impact of the jet energy scale (JES) uncertainty [12]. The dependency of m( j j) on the JES is
shown in Fig. 1(b) using simulated tt̄ events with modified JES correction factors. Here the energy
of the jets are scaled by a constant scaling factor of 1.00±0.04.

6. Result

The distributions of signal and background processes scaled and morphed to the fitted values
are compared to the observed distributions of the NN discriminant distribution in SR1 and SR3 and
the m( j j) distribution in SR2, shown in Fig. 2. The total uncertainty in the inclusive tt̄ cross-section
is determined to be ±5.7%. The largest uncertainty is due to the uncertainty in the PDF sets and
the MC modelling of the signal process. The uncertainties in the JES and the b-tagging efficiency
have been significantly reduced by including them as nuisance parameters together with the choice
of the signal regions and the discriminant distributions.

The inclusive tt̄ cross-sections is measured to be [1]:

σtt̄ = 248.3±0.7(stat.)±13.4(syst.)±4.7(lumi.) pb

assuming a top-quark mass of mtop = 172.5GeV.
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Figure 2: Neural network discriminant oNN and the m( j j) distributions normalised to the result of the
maximum-likelihood fit for (a) SR1, (b) SR2, and (c) SR3. The hatched and gray error bands represent the
post-fit uncertainty. The ratio of observed to predicted (Pred.) number of events in each bin is shown in the
lower histogram. Events beyond the x-axis range are included in the last bin [1].
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