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Top quark pair production cross section with the ATLAS experiment
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Abstract. This document reviews the existing results of inclusive top quark pair production cross section measurements in proton-proton collisions at a center of mass energies of 7 and 8 TeV performed with the ATLAS detector at the Large Hadron Collider.
These measurements cover the diﬀerent analysis channels, single lepton, dilepton and all
hadronic channel, as well as dedicated analysis for channels including tau leptons decaying hadronically. All measurements shown in this document are in good agreement with
the Standard Model expectation.

1 Introduction
√
The Large Hadron Collider (LHC) [1]
has delivered a dataset of 5 fb−1 at s = 7 TeV in 2011
√
followed by a dataset of 20 fb−1 at s = 8 TeV in 2012. These two datasets have allowed the
ATLAS experiment [2] to collect a large sample of top quark pairs (tt¯), providing the opportunity to
perform precision measurements of the inclusive tt¯ cross section. These measurements are useful as a
benchmark for QCD perturbative calculations, which are now available at full NNLO [3, 4]:
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They are also expected to be sensitive to new physics in the top quark production and decay. While
top quark pairs are produced through strong interaction (at LHC they are produced mainly via gluon
fusion), the top quark decays through weak interaction into a W boson and a b quark with a branching
ratio of almost 100%. Subsequently the W boson can decay either leptonically (W → lν) or hadronically (W → qq̄). Therefore three diﬀerent channels are deﬁned to classify top quark pairs events: all
hadronic (described in section 2), dileptonic (section 5) and single lepton or lepton plus jets (section
6). This document describes brieﬂy seven recent measurements of the inclusive tt¯ production cross
section (σtt¯) performed by the ATLAS experiment. All channels are covered using the 7 TeV sample,
including two analysis for tau leptons decaying hadronically: tau plus lepton (section 4) and tau plus
jets (section 3) channels. Finally, a measurement in the lepton plus jets channel is presented using the
8 TeV dataset.
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2 All hadronic channel,

√

s = 7 TeV

The all hadronic channel is the ﬁnal state of tt¯ events with the largest branching ratio, however it
suﬀers from a large QCD multi-jet background. The signal extraction is based on a kinematical ﬁt
that exploits the characteristic topology of an hadronic tt¯ event [5]: at least six jets, two of them
identiﬁed as coming from the decay of a b quark, and no signiﬁcant amount of missing transverse
energy (ETmiss ). The tt¯ event reconstruction is based on a maximization of a likelihood function to
determine the best assignment of jets to the products of the top quark decay to obtain the top mass.
Subsequently the top mass distributions built for signal, background and data are used in an unbinned
likelihood ﬁt to extract the σtt¯, as it is shown in Figure 1. For the background modeling, the analysis
technique derives the shape of the multi-jet background by performing the kinematical ﬁt on the data
sample without applying the b-tagging requirement. The eﬀect of applying b-tagging on the top mass
is checked with a separate sample. The measurement is based on a data sample corresponding to an
integrated luminosity of 4.7 fb−1 . The dominant components of the total systematic uncertainty are jet
energy scale uncertainty, with a relative uncertainty of 20%, and initial/ﬁnal state radiation (ISR/FSR)
and b-tagging eﬃciency, both with a relative uncertainty of 17%. The cross section measured has a
value of:
σtt¯ = 168 ± 12(stat.)+60
(3)
−57 (syst.) ± 7(lumi.) pb

Figure 1. Fit of the top quark mass distribution with an unbinned likelihood to the selected data sample (dots).
The signal and background templates are indicated as well [5].

3 Tau plus jets channel,

√

s = 7 TeV

The tau plus jets channel consists of a ﬁnal state with one W boson decaying to light quarks that
hadronize to jets, while the other one decays to a tau neutrino and tau lepton which subsequently
decays hadronically. The candidate events are selected with at least ﬁve jets, where two or more of
them must be b-tagged jets. The main contributions to the background are other tt¯ channels, QCD
multi-jets, W+ jets and single-top production. A likelihood ﬁt to the number of track distribution for
the τ candidate (ntrack ) is performed with three templates [6]: the tau/electron template (containing
signal event candidates), the gluon-jet template (mainly from QCD multi-jet events), and quark-jet
template (from tt¯ background and W+jets), shown in Figure 2. The signal event candidates contain
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both, real tau leptons and electrons which failed the electron veto. The tau/electron template is built
using simulated tt¯ events and the relative contribution of taus and electrons is determined by Monte
Carlo prediction. The gluon-jet template is built using data from a control region that enhances the
contribution from gluon-initiated jets. The quark-jet template is also built using data, from a sample
enriched in quark-initiated jets. The measurement is performed on a data sample corresponding to an
integrated luminosity of 1.67 fb−1 . The dominant systematic uncertainties are ISR/FSR (15%), event
generator model (11%) and b-tagging eﬃciency (9%). The cross section measured in this channel has
a value of:
σtt¯ = 194 ± 18(stat.) ± 46(syst.) pb
(4)

Figure 2. ntrack distribution. The black points correspond to data, while the solid black line is the result of the
ﬁt. The red (dashed), blue (dotted) and magenta (dash-dotted) histograms show the ﬁtted contributions from the
τ signal, and the gluon-jet and quark-jet backgrounds, respectively [6].

4 Tau plus lepton channel,

√

s = 7 TeV

In the tau plus lepton channel, one W boson decays to a tau lepton that decays hadronically while
the other W decays into a electron or muon with the corresponding leptonic neutrino. The main
background contributions in this channel are single lepton tt¯ events, W plus jets and QCD multi-jet.
The events are selected with one electron or muon and three or more jets, with at least one of them
b-tagged. Events are marked as same sign charge (SS) or opposite sign charge (OS) based on the
reconstructed charge of the lepton and the tau candidate [7]. Since tau candidates in the SS sample
are almost entirely fake tau leptons and candidates in the OS sample are a mixture of fake and real,
as it is shown in Figure 3, the fake tau removal is achieved by subtracting SS events from the OS
signal region. A boosted decision tree (BDT j ) is employed to separate hadronic tau decays from jets
in candidate events, yielding the distribution shown in Figure 3. The measurement is performed on
a data sample corresponding to an integrated luminosity of 2.05 fb−1 . The cross section is extracted
from a χ2 ﬁt of BDT j OS-SS templates built for signal tt¯ events (with real taus and electrons failing
the tau-electron veto) and a background template. This background template is obtained from a data
sample with all the selection requirements expect b-tagging and requiring in addition zero b-jets. The
expected amount of tau lepton signal is subtracted using MC and corrected bin by bin with the ratio
of ≥ 1 b-jet background to 0 b-jet background:
σtt¯ = 186 ± 13(stat.) ± 20(syst.) ± 7(lumi.) pb
00105-p.3
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Figure 3. BDT j (OS-SS) distributions of lepton plus single-track τ candidates is shown. The normalisation
of each template is derived from a ﬁt to the data. The ﬁtted contributions are shown as the light/red (signal),
dashed/blue (background) and dark/black (total) lines. Shaded/blue bands are the statistical uncertainty of the
background template [7].

The dominant systematic uncertainties for this analysis are b-jet tagging eﬃciency (9%), ISR/FSR
modeling (4.8%) and the τ identiﬁcation (3%).

5 Dilepton channel,

√

s = 7 TeV

In the dilepton channel both W bosons decay to a lepton-neutrino pair in the ﬁnal state. The event
selection is based on the presence of two opposite sign leptons, two jets and large ETmiss . Leptons are
either well identiﬁed electron or muon candidates that are selected using the full detector or isolated
tracks to reduce losses from lepton identiﬁcation ineﬃciencies. The analysis is performed using eight
channels that do not overlap between each other [8]: ee, eμ, and μμ with and without requiring a btagged jet, and the two lepton plus track selection named eT L and μT L. The cross section is extracted
from a proﬁle likelihood for the individual channels and for the combination of channels, as it is
shown in Figure 4, using the number of signal and background events after the event selection and
the number of observed events in data. The measurement is based on a total integrated luminosity
of 0.70 fb−1 . The main systematic uncertainties on the combined measurement are associated with
the Monte Carlo generator (5%), the jet energy scale (4%) and lepton identiﬁcation (3%). The cross
section measured in this channel is found to be:
σtt¯ = 168 ± 12(stat.)+60
−57 (syst.) ± 6(lumi.) pb

(6)

6 Lepton plus jets channel
In the lepton plus jets channel, one of the two W bosons from the tt¯ pair decays into light quarks
which subsequently hadronize into jets, while the other W boson decays to an electron, muon, or
leptonically decaying tau lepton together
with the corresponding neutrino. Three
√
√ analysis have been
performed in this channel, two at s = 7 TeV [9, 10] and the ﬁnal one at s = 8 TeV [11]. The
dominant background processes are W+jets and multi-jet production, which are estimated from data.
A common event selection require one charge, isolated high pT lepton and at least three jets, as well
as a signiﬁcant amount of missing transverse energy.
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Figure 4. Summary of the individual cross section measurements and the combination result with and without
b-tagging. The vertical dashed line and yellow band are the approximate NNLO theory calculation and its
uncertainty [8].

6.1 σtt¯ measured using kinematic information,

√

s = 7 TeV

This analysis utilizes a total integrated luminosity of 0.70 fb−1 . The dominant contributions to the
background come from W+jets events and QCD multi-jet events, where one jet can be misidentiﬁed
as a reconstructed lepton. Since the background from these sources is diﬃcult to simulate correctly,
its modeling is based on data. A likelihood discriminant is built using various kinematic variables
(η(l), pT (j), Aplanarity1 , and HT,3p 2 ). Templates are constructed for signal and backgrounds, splitting
the sample in the electron and muon channel and diﬀerent jet multiplicities. For this analysis no btagging is required. A proﬁle likelihood ﬁt including systematic uncertainties as nuisance parameters
is performed in this distribution, as shown in Figure 5. The main systematic uncertainties are associated with the Monte Carlo generator (3%) and jet energy scale (2%). The cross section measured in
this analysis is found to be:
σtt¯ = 179.0 ± 3.9(stat.) ± 9.0(syst.) ± 6.6(lumi.) pb

6.2 σtt¯ measured using Soft Muon Tagging,

√

(7)

s = 7 TeV

This analysis exploits the full 7 TeV sample of 4.66 fb−1 . The Soft Muon Tagging (SMT) algorithm
targets semimuonic B meson decays (b → μX) and makes use of a quality match between tracks in
the inner detector and the muon spectrometer [10]. Selected events are required to have at least one
SMT tagged jet, condition that enhances the amount of tt¯ signal events as it is shown in Figure 6. The
main uncertainties in this analysis are the background modeling (7%), the jet energy scale (3.5%) and
the experimental knowledge of the branching ratio of decays of b quarks generating muons (2.9%).
1 Aplanarity, A, is deﬁned as A = 3 λ , with λ being the smallest eigenvalue of the normalized momentum tensor calculated
3
2 3
using the momenta of all jets and the lepton.
2H
T,3p is the transverse momentum of all but the two leading jets, normalized to the sum of absolute values of all longitudinal
momenta in the event.
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The cross section is measured counting events passing the selection, and the value obtained is found
to be:
σtt¯ = 165 ± 2(stat.) ± 17(syst.) ± 3(lumi.) pb
(8)

6.3 σtt¯ measured using kinematic information,

√

s = 8 TeV

√
The last analysis shown in this document is the only one available currently at s = 8 TeV sample,
and it uses a total integrated luminosity of 5.8 fb−1 . In this case, the selection criteria is tightened to
reduce the multi-jet background and at least one b-tagged jet is required. A likelihood discriminant
is built with two kinematic variables, η(l) and the transformed Aplanarity A, shown in Figure 7. This
discriminant exploits the kinematic diﬀerences between tt¯ signal events and W plus jets background
events. The observed number of tt¯ events is extracted from a likelihood to binned distributions of this
discriminant made for tt¯ signal, each of the backgrounds and the data. A negative log-likelihood ﬁt is
performed to obtain the tt¯ cross section, yielding a result of:
σtt¯ = 241 ± 2(stat.) ± 31(syst.) ± 9(lumi.) pb

(9)

The measurement is dominated by systematic uncertainty, being the main ones the signal modeling
(11%) and jet related uncertainties (6%).

7 Summary
√
For the s = 7 TeV data sample all channels have been covered, allowing a good understanding of
the detector and Monte Carlo generators. Three channels were combined using this dataset: lepton
plus jets, dilepton and a previous analysis in the all hadronic channel, shown in Figure 8(a), yielding
a combined result of [12]:
σtt¯ = 177 ± 3(stat.)+8
−7 (syst.) ± 7(lumi.) pb

(10)

Figure 5. Result of combined ﬁt to data of the electron+jets and μ+jets channels. The lower plot shows the ratio
of data to the sum of ﬁtted signal and background contributions. Uncertainties on the ratio include data and MC
statistical uncertainties [9].
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Figure 6. The ﬁgure shows the number of observed and expected jets per event in the e+jets tagged sample.
"Other" denotes the smaller Z+jets, single top and diboson backgrounds which are estimated with Monte Carlo.
Uncertainties include statistical and systematic contributions [10].

The analysis in the tau plus lepton and tau plus jets channels allow a test of ﬂavor-dependent eﬀects in
top quark decays as well as studies for new physics searches, such as those predicting a charged Higgs
boson decaying to a tau lepton plus a neutrino [13]. The results obtained in these dedicate channels as
well as the rest results shown for the 7 TeV samples are in good agreement with the Standard Model
predictions, as it is summarized in Figure 8(a).
√
The eﬀort to analyse the large s = 8 TeV data sample is starting. The ﬁrst result available was
presented at section 6.3. The measurements at diﬀerent center of mass energies, 7 and 8 TeV, are in
good agreement with the evolution of the cross section with the center of mass energy predicted by
the theory, as it is shown in Figure 8(b).

Figure 7. Fit to the likelihood discriminant distribution in the μ+jets channel (left) and in the e+jets (right). The
hatched bands display the combined expected statistical and systematic uncertainty [11].
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(a) ATLAS
√ combination of diﬀerent channels us- (b) Summary plot showing the top pair production cross section
ing the s = 7 TeV dataset [12].
as a function of the LHC proton proton center of mass energy.
The experimental results in the various top decay channels (and
their combination) ant 7 TeV and the recent result at 8 TeV are
compared to an approximate NNLO QCD calculation based on
Hathor 1.2 [11, 12]

Figure 8. Summary plots for the σtt¯ measurements available performed
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