
SNSN-323-63
February 8, 2017

Recent measurements of associated single top-quark
production cross-section with the ATLAS detector
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The measurement of the inclusive Wt cross-section at 13 TeV is per-
formed using 3.2 fb−1 of proton–proton collision data collected by the AT-
LAS detector at the LHC in 2015. Events are required to have at least
one jet and two opposite sign leptons. The cross section is measured to be
σWt = 94 ± 10(stat.)+28

−22(syst.) ± 2(lumi)pb, corresponding to an observed
significance of 4.5σ (3.9σ expected). The result is consistent with the
Standard Model prediction.
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1 Introduction

Single top quark production occurs via the electroweak interaction, through one of
the three possible mechanisms: s-, t- and Wt channel. These are excellent probes of
the Wtb coupling.

At 13 TeV the associated production of a top quark and a W boson is the second
largest one in terms of cross-section.

First observations of Wt associated production were published by the ATLAS
[1] and CMS [2] collaborations, using the full Run 1 dataset to search for events in
which both the W boson and top quark decays include an electron or a muon in the
final state. The cross-section for the associated production of a single top quark has
roughly tripled with the increase in centre-of-mass energy from 8 to 13 TeV, making
it possible to perform measurements in the Wt-channel with the first available LHC
datasets at this energy.

These proceedings present a first measurement of the Wt dilepton channel cross-
section at 13 TeV [3], using 3.2fb−1 of proton–proton collision data collected by the
ATLAS detector [4] in 2015.

2 Analysis strategy

Wt events that match the dilepton final-state topology are selected and sorted into
different data sets. Exactly two opposite sign isolated leptons∗ with pleptonT > 20 GeV
are required. Additionally, one of them must have a transverse momentum higher
than 25 GeV and at least one of the two has to be triggered on. All jets must have
pjetsT > 25 GeV. Two signal regions are defined based on the number of jets. In both
cases, exactly one jet identified as a b-jet is required (called 1j1b) or two jets, one
of which must be b-tagged (2j1b). In order to control the main background coming
from top quark pair production, a dedicated control region with two jets that are
both b-tagged is defined. The agreement between data and Monte Carlo is controlled
in two distinct regions that must include either 1 or 2 jets and no requirement on the
number of b-tagged jets (1j0b and 2j0b).

Figure 1 shows the expected number of events for signal and backgrounds as well as
the observed data events in all the previously defined regions. The errors include the
total systematic and statistical uncertainty. The signal and background samples are
normalised to their respective theoretical predictions. The ratio between the observed
and predicted event yields is also included and shows a very good agreement between
the two. It is also evident that both signal regions are completely dominated by the
top pair production background and that even with the dedicated selection, the signal
to background ratio is small.

∗Leptons refers to only electrons and/or muons throughout the text.
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Figure 1: Expected number of events for signal and backgrounds and observed number
of data events are shown in the two signal regions (1j1b and 2j1b), the top-antitop
control region (2j2b) and two additional validation regions (1j0b and 2j0b). The error
bands represent the total systematic uncertainties [3].

In order to separate the signal from the top-antitop background, variables are com-
bined into a single discriminant with increased separation power by using a boosted
decision tree algorithm (BDT). Separate BDTs are trained for each of the two sig-
nal regions. Variables corresponding to different kinematic properties of the selected
physics objects are given as input. For the 2j1b signal region, the variables with
the largest separation power are chosen to be the transverse momenta of the all the
objects in the final state, as well as the pT difference between the two lepton system
and the jet+Emiss

T one. In the 2j2b region the leading variable is the transverse mo-
mentum of the two lepton system, followed by the ∆R between the and the jet and
missing transverse momentum system.

In order to extract the Wt cross-section, a binned likelihood fit is performed over
the two signal regions (1j1b and 2j1b) and the 2j2b control region. For the signal
regions, the BDT discriminant is used in the fit, while in the control region, only the
normalization is taken into account. The fitted templates are shown in Figure 2.

Many sources of experimental systematic uncertainties are taken into account.
These include the luminosity measurement, lepton efficiency scale factors used to
correct simulation to data, lepton energy scale and resolution, missing transverse
energy related terms and the efficiency of identifying jets coming from b-quarks. The
dominant systematic for this analysis is related to the measurement of the jet energy
scale and resolution. In addition to the experimental systematics, uncertainties that
arise due to theoretical modelling for the signal and tt̄ background are also evaluated.
The dominant uncertainty in this category is the NLO matrix element generator and
the parton shower and hadronisation generator.

The total systematics uncertainty is 30% on the measured Wt cross-section.
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Figure 2: Distributions used for the binned-likelihood fit. In the signal regions (1j1b
and 2j1b) the BDT response is used while in the 2j2b control region only the total
number of events is considered [3].

3 Results

An inclusive measurement of the Wt associated production at 13 TeV is performed by
fitting templates to the BDT discriminant distributions in three separate regions that
include two leptons, missing transverse energy but differ in the number of jets and
b-tagged jets. The cross-section is extracted to be σWt = 94 ± 10(stat.)+28

−22(syst.) ±
2(lumi) pb. The result has an observed (expected) significance of 4.5 σ (3.9 σ). This
result is in good agreement with the Standard Model expectation calculated at next-
to-leading order (NLO) with next-to-next-to-leading logarithmic (NNLL) soft-gluon
corrections σtheory = 71.7 ± 1.8(scale) ± 3.4(PDF) pb [5].
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