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Top quarks are abundantly produced in collision events at the LHC, either as pairs or single quarks.
Inclusive and differential cross section measurements for such processes represent a crucial part
of the physics program of the ATLAS Collaboration. These measurements allow for precision
studies for QCD predictions, including state-of-the-art next-to-next-to-leading order calculations.
Furthermore, they can be exploited to measure fundamental parameters of the Standard Model,
and to potentially get access to new physics phenomena beyond the Standard Model. An overview
on recent results from the ATLAS experiment is presented.
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1. Introduction

The top quark is the heaviest elementary particle in the Standard Model (SM) of particle
physics, with a mass of 𝑚𝑡 ≈ 173 GeV providing it with unique physical properties. Top quarks
are produced abundantly in hadron collisions at the LHC, both in pairs and as single quarks. They
almost exclusively decay via the 𝑡 → 𝑊𝑏 channel, resulting in rich final states with hadronic
jets associated with 𝑏-quarks (𝑏-jets), and possibly jets associated with light partons (light-jets),
𝑐-quarks (𝑐-jets), and leptons. Precision inclusive and differential cross section measurements in
the context of top physics can shed light on crucial SM mechanisms, represent a unique testing
ground for the predictions of QCD and electroweak phenomena, and provide sensitivity to new
physics beyond the SM (BSM).
In these proceedings an overview on recent top cross section measurements from the ATLAS
experiment [1, 2] is presented. Section 2 presents results on 𝑡𝑡 production, Section 3 describes
single-top measurements, while conclusion are presented in Section 4.

2. Top pair measurements

A recent thorough study of 𝑡𝑡 events, focused on observables associated with hadronic jets,
is presented in Reference [3]. A dataset equivalent to 140 fb−1 of 𝑝𝑝 collisions at

√
𝑠 = 13 TeV

is analysed, corresponding to the full statistics of Run-2 of the LHC. Events where one 𝑊 boson
decay via 𝑊 → 𝑒/𝜇𝜈 and the other decays hadronically (ℓ+jets channel) are utilised. Electrons are
reconstructed identifying tracks associated with energy deposits in the electromagnetic calorimeter,
muons by combining information from the inner tracker and the muon spectrometer. Hadronic
jets are reconstructed with an anti-𝑘𝑡 algorithm [4] with a distance parameter 𝑅 = 0.4, using a
particle flow algorithm. The identification of 𝑏-jets is performed using a dedicated algorithm
based on a deep neural network [5]. A simple selection requesting one isolated 𝑒/𝜇 and at least
4 hadronic jets with is applied. At least two jets are required to be identified as 𝑏-jets. Events
satisfying this selection are included for the 𝑡𝑡 inclusive category. Subsets of these events with
respectively at least 5 and 6 jets are used to the define the 𝑡𝑡 + 1 jet and 𝑡𝑡 + 2 jets categories. The
small contribution of background events is estimated with Monte Carlo (MC) simulations, with
the exception of events with fake leptons, which are determined with a data-driven technique. A
pseudo-top algorithm is used to reconstruct the event topology, while the highest 𝑝T jets not used
for the reconstruction of the 𝑡𝑡 system are identified as jets from QCD radiation for the 𝑡𝑡 + 1 jet and
𝑡𝑡 + 2 jets categories. An Iterative Bayesian Unfolding method is used to correct the distributions
of observables of interest for detector effects, obtaining particle-level differential cross sections.
Dominant uncertainties are associated with 𝑏-tagging, jet energy measurement, MC modelling and
backgrounds, depending on the phase space region. Results are compared with MC predictions
obtained with state-of-the-art next-to-leading order (NLO) and for the first time with next-to-next-
to-leading order (NNLO) matrix element calculations, interfaced with parton shower algorithm,
as shown for one observable in Figure 1. Comparisons of data and predictions show in general
good agreement, with the exception of the high end of several transverse momentum and invariant
mass observables. NNLO predictions show improvements in the description of several observables.
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Another recent result, obtained on the same dataset, presents a detailed study of the substruc-
ture of top quark jets in 𝑡𝑡 events [6] for events with boosted top quarks, which are selected both in
the ℓ+jets channel and for events where both 𝑊 bosons decay hadronically (𝑎𝑙𝑙-ℎ𝑎𝑑). For former,
the 𝑡 → 𝑊𝑏 → 𝑞𝑞𝑏 decay is identified by reclustering 𝑅 = 0.4 jets into a 𝑅 = 1.0 jet, on which a
trimming algorithm is applied to remove contributions from pileup events; at least one such large-𝑅
reclustered jet with 𝑝T >350 GeV is requested in the event, together with an isolated 𝑒/𝜇 and one
small-𝑅 𝑏-jet. Background estimation for this channel is similar to that described for the previous
measurement. For the latter, a 𝑅 = 1.0 clustering algorithm followed by trimming is applied on
calorimeter deposits; two of such large-𝑅 jets are requested in the event, with 𝑝T >500 (350) GeV
for the leading (subleading). In this channel a top-tagging algorithm is applied to reduce the QCD
background, and events are classified depending on the results of top-tagging and 𝑏−tagging on the
two jets, defining 16 event categories which are exploited for a data-driven determination of the
background. An Iterative Bayesian Unfolding method is then applied in order to extract particle-
level one-dimensional and two-dimensional differential cross section measurements for several
observables associated with the substructure properties of the top jets. For the 𝑎𝑙𝑙-ℎ𝑎𝑑 channel,
the measurements are performed with a tag-and-probe approach, requesting top-tagging on one jet
when measuring the other one, to avoid any bias. Dominant uncertainties are associated with the
jet energy measurement and the MC modelling. Results are compared with several MC predictions,
which provide in general a reasonable description of the data for many variables (see Figure 1),
although some MC setups are performing worse and some variables are not well described by any
prediction.

8−10

6−10

4−10

2−10

 [
1

/G
e

V
]

je
t­

ra
d

1

T
/d

p
σ

) 
d

σ
(1

/

­1 = 13 TeV,140 fbs

ATLAS   

  +jets) + 1jet→ (t t→pp ℓ
Data
 POWHEG+PYTHIA8
 POWHEG+PYTHIA8
(MiNNLOPS)

500 1000 1500 2000

 [GeV]
jet­rad1

T
p

0

1

2

3

P
re

d
ic

ti
o
n
/D

a
ta

) 2
 / 

d(
D

ttσ
 d⋅ ttσ

1/

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8 PWG+PY8 Data

PWG+H7 Stat. unc.

aMC@NLO+PY8 Stat.+Syst. unc.

PWG+PY8 FSR Up

PWG+PY8 FSR Down

ATLAS

Fiducial phase-space

-1 = 13 TeV, 140 fbs

 > 500 GeV 
T

top
all-had, p

 jet D2Rmeasured large-

0 1 2 3 4

  
D

at
a

P
re

di
ct

io
n

0.8

1

1.2

2
Large-R jet D

0 1 2 3 4

  
D

at
a

P
re

di
ct

io
n

0.8
1

1.2

Figure 1: Normalised differential cross section measurements on 𝑡𝑡 events for (left) the 𝑝T of the jet
associated with QCD radiation in 𝑡𝑡 + 1 jet events [3] and (right) a variable sensitive to the substructure of
large-R top jets in 𝑎𝑙𝑙-ℎ𝑎𝑑 events with boosted top quarks [6].

Production of 𝑡𝑡 pairs has been observed also on a dataset of 𝑝+𝑃𝑏 collisions at√𝑠𝑁𝑁 =8.16 TeV
corresponding to 165 nb−1 [7]. This measurement is of particular interest because it provides sen-
sitivity to nuclear parton distribution functions in the poorly constrained high 𝑥 region. A dedicated
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heavy ion (HI) jets reconstruction, using the anti-𝑘𝑡 algorithm with 𝑅 =0.4 is performed, with an
in-situ calibration; these jets are matched with standard particle flow jets to exploit their 𝑏-tagging
information. Events in the ℓ+jets channel, with at least 4 HI jets, and events with both 𝑊 decaying
leptonically (ℓℓ), with at least 2 HI jets, are selected, and they are divided in 6 categories depending
on the multiplicity of leptons and 𝑏-jets. MC samples, produced separately for 𝑝𝑝 and 𝑝𝑛 configu-
rations which are then combined, are obtained overlaying simulated events with real data events, to
properly model the underlying event. Background associated with fake leptons are measured with
data-driven techniques, and other backgrounds are estimated with simulations. A binned likelihood
fit is performed on the distribution of the scalar sum of lepton and jets 𝑝T in order to extract the
signal strength 𝜇𝑡𝑡 ; results are presented in Figure 2. Results are used to extract the 𝑡𝑡 cross section
𝜎𝑡𝑡 = 58.1+5.2

−4.9 nb, resulting in an observation of the process in 𝑝 + 𝑃𝑏 collisions, with dominant
uncertainties associated with the jet energy measurement and the MC modelling.

Another important 𝑡𝑡 production cross section measurement has been obtained on a dataset
of 29 fb−1 of 𝑝𝑝 collision at 13.6 TeV collected in the first year of the third run of LHC [8].
This represent an important investigation of a new energy regime and a crucial testing ground
for the performance of the ATLAS detector at the beginning of a new run. The measurement
is performed simultaneously for 𝑡𝑡 and 𝑍 productions in the ℓℓ channel, using 𝑒𝜇 events with
1 or 2 𝑏-jets for the former and 𝑒𝑒/𝜇𝜇 events for the latter. A data-driven technique is used
to measure the 𝑏-tagging efficiency in 𝑡𝑡 events simultaneously with the event yields, to reduce
the impact of tagging uncertainties. A profile likelihood fit performed on the event yields in
the different event categories result in 𝜎𝑡𝑡 = 850 ± 3 (stat.) ± 18 (syst.) ± 20 (lumi.) and in
𝑅𝑡𝑡/𝑍 = 𝜎𝑡𝑡/𝜎𝑍 = 1.145± 0.003 (stat.)±0.021 (syst.)±0.002 (lumi.) pb, with dominant systematic
uncertainties associated with lepton performance for the former and with MC modelling for the
latter. Results are in agreement with predictions obtained with different PDF sets, as shown in
Figure 2.
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Figure 2: (Left) signal strength for 𝑡𝑡 production in 𝑝 + 𝑃𝑏 collisions for different event categories and their
combination [7], and (right) ratio for 𝑡𝑡 and 𝑍 cross sections measured on 13.6 TeV 𝑝𝑝 collisions compared
with predictions obtained with different PDF sets [8].
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3. Single top measurements

Reference [9] presents an inclusive cross section measurement for single-top production in the
𝑡-channel on 140 fb−1 of 𝑝𝑝 collisions at 13 TeV. This process is dominated by initial states with
a 𝑢(𝑑) quark which result in a single 𝑡(𝑡) quark, produced in association with a light-jet which is
typically quite forward. Due to the proton PDF, this results in a higher cross section for 𝑡 production
with respect to 𝑡. Events with exactly 1 isolated 𝑒/𝜇, 1 𝑏-jet with |𝜂 | < 2.5 and one non-𝑏-jet with
|𝜂 | < 4.5 are selected. A set of kinematic cuts are applied to select events with a higher signal
purity. The QCD background resulting in fake leptons is estimated with data-driven techniques in
background enriched control regions. A neural network algorithm is used to discriminate signal
and background events, exploiting 17 kinematic variables, the most powerful being the invariant
mass of the two jets in the events. The cross section is then extracted with a simultaneous fit to the
resulting score 𝐷𝑛𝑛 in the signal region (see Figure 3) and to other variables for the control regions.
The resulting signal strength parameter is used to extract cross section values of 𝜎(𝑡𝑞) = 137+8

−8 pb
and 𝜎(𝑡𝑞) = 84+6

−5 pb, with dominant uncertainties associated with MC modelling effects. The ratio
𝑅𝑡 = 𝜎(𝑡𝑞)/𝜎(𝑡𝑞) = 1.636+0.036

−0.034 is also measured, with dominant uncertainties associated with
the modelling of 𝑊 + 𝑐 background events, which are characterised by a similar asymmetry as for
the signal, and with signal modelling. Results are in good agreement with theoretical predictions
obtained for different PDF sets. The results are interpreted to set limits on possible BSM effects
using an EFT approach, on a 4-quark operator and on a operator associated with the Higgs boson.
Furthermore, they are also exploited to measure the CKM matrix element |𝑉𝑡𝑏 | and, in a generalised
approach, to set limits on |𝑉𝑡𝑑 | and |𝑉𝑡𝑠 |.

A similar analysis has been performed on a 255 pb−1 dataset of 𝑝𝑝 collisions at 5.02 TeV
[10]. This measurement provides an independent result at a different energy regime and a reference
for measurements in heavy ion collisions at the same energy. A selection analogous to the one
previously discussed is applied; in this case a Boosted Decision Tree (BDT) algorithm using nine
input variables is used to discriminate signal from background, with the highest discriminating
variable being the total scalar sum of the transverse momentum from all objects in an event. The
cross section is extracted with a profile likelihood fit to the BDT score, shown in Figure 3. The
measurement is statistically limited, with dominant systematic uncertainties associated with signal
modelling and background determination. The results are 𝜎(𝑡𝑞) = 19.8+3.9

−3.1 (stat.)+2.9
−2.2 (syst.) pb,

𝜎(𝑡𝑞) = 7.3+3.2
−2.1 (stat.)+2.8

−1.5 (syst.) pb and 𝑅𝑡 = 2.73+1.43
−0.82 (stat.)+1.01

−0.29 (syst.) and are also used to
provide a measurement on |𝑉𝑡𝑏 |.
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Figure 3: (Left) distribution of the neural network discriminant for 𝑡-channel single-top events in 13 TeV 𝑝𝑝

collisions [9] and (right) BDT score for the same signature on 5.02 TeV 𝑝𝑝 collisions [10].

4. Conclusion

An overview on recent 𝑡𝑡 and single-top measurements performed with the ATLAS detector
at the LHC has been presented. These results provide access to fundamental SM mechanisms
and sensitivity to potential BSM physics. The currently ongoing third run of the LHC and the
foreseen HL-LHC campaign will provide new opportunities for exciting measurements. With most
measurements already systematically limited, it is of paramount importance to exploit present and
future data to improve the knowledge on limiting effects, while at the same time exploiting the
additional statistics to investigate more extreme regions of the phase space.
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