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We present the result of searches for single top-quark production in the ¢ and W¢-channels in 7
TeV proton-proton collisions with the ATLAS detector using 0.7 fb~! integrated luminosity. The
t-channel search is based on the selection of events with a single lepton (muon or electron), jets
and missing transverse energy. The W¢-channel analysis is based on the selection of events with
two leptons, jets and missing transverse energy.

The f-channel production cross section is measured by two different techniques, one following a
cut-based approach and one fitting the distribution of a multivariate discriminant constructed with
a neural network. The cut-based analysis combines the 2-jet and 3-jet data sets and measures
o; = 90733 pb. The observed significance is 7.6 standard deviations.

A simple cut-based approach is used to select the Wt contribution. After selection, we observe
287 data events compared to a prediction of 293 events, with a predicted signal purity of 16%. The
following upper limits at 95% CL are determined on the Wt associated production cross-section :
o(pp — Wt +X) <39(41) pb for the observed (expected) limit.
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1. Introduction

At the LHC, single top-quarks can be produced at tree level in three processes. The 7-channel
exchange of a virtual W boson has a predicted production cross section of 64.6 pb [1]. The as-
sociated production of an on-shell W boson and a top quark (W¢-channel), which has a predicted
production cross section of 15.7 pb [2]. The s-channel production and decay of a virtual W boson
has a predicted production cross section of 4.6 pb [3]. The single top-quark final state provides a
direct probe of the Wtb coupling and thus determines Vg, without assumptions about the number
of quark generations and is sensitive to many models of new physics [4]. Alternatively, it allows
the b-quark parton distribution function (PDF) to be measured.

This report presents the measurement of the ¢-channel cross section [5] and a search for the
Wt-channel production [6]. The W boson from the top-quark decay is always reconstructed in its
leptonic decay modes. We report on two measurements based on different techniques to separate
signal and background: one employs sequential cuts, the other one is based on a fit to a multivariate
discriminant based on a neural network (NN). For the Wz-channel search the separation of signal
and background events is carried out using sequential cuts.

2. Measurement of single top quark 7-channel cross section

Both analyses measuring the ¢-channel cross section reduce the large multijet and W+jets
backgrounds using a common selection. Electron candidates are required to have Et > 25 GeV
and || < 2.47 and to be well isolated. Muon candidates are reconstructed by combining track
segments found in the inner detector and in the muon spectrometer. Muon candidates have to
have pr > 25 GeV and || < 2.5. Particle jets are reconstructed using the anti-k7 algorithm with a
width parameter of 0.4. The response of the calorimeter is corrected through a pr- and 17-dependent
factor. Only jets having pr > 25 GeV and |n| < 4.5 are considered. Jets containing bottom quarks
are tagged in the region |n| < 2.5 by reconstructing secondary vertices. The final event selection
requires exactly one charged lepton, e or u, exactly two jets or exactly three jets, and missing
transverse energy E‘TniSS > 25 GeV. Since the multijets background is difficult to model precisely its
contribution is reduced with M (W) > (60 GeV — Ess).

The main backgrounds to the single-top quark final state are QCD multijet events, W boson
production in association with jets, and top pair production(zf). Smaller backgrounds and the #7
background are normalised to their theory predictions. Multijet events contribute as a background
to the selected sample if one of the jets in the event is misidentified as an isolated lepton or if the
event has a non-prompt lepton that appears isolated. The multijets background normalisation is
obtained by a binned maximum likelihood fit to the EITniSS distribution in the data, using a data-
derived template for the multijets background and Monte Carlo templates for all other processes,
see Fig. 1a. The kinematic distributions for the W +jets background, that comprises contributions
from Wbb+jets, Wcc+jets, Wc+ets and W+light jets, are taken from Monte Carlo samples, while
the overall normalisation and the flavour composition are derived from data. The NN analysis de-
termines the normalization of the different W+jets processes from a simultaneous fit to the NN
output distribution when measuring the z-channel single top-quark rate, while the cut-based analy-
sis derives scale factors by using the event yields in the 1-jet tag, 2-jet pretag, and 2-jet tag sample,
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Figure 1: a) E%liss distribution for the 2-jet tag sample. b) Distributions of the reconstructed top
quark mass in the 2-jet sample after the jet 7, Hy and An cuts. The t-channel signal contribution is
normalized to the measured combined cut-based cross section [5].

excluding the signal selection. Starting from the preselected samples additional cuts are applied
to extract the r-channel signal in the cut-based analysis, while the NN analysis uses all preselected
tagged events and constructs a discriminant that separates signal from background events. The cut
based analysis uses the following series of cuts to isolate the z-channel process: |1 (1 —jet)| > 2.0,
Hrt > 210 GeV, 150 GeV < M}y, < 190 GeV and An(bjetl,ujetl) > 1.0. The My, distribution is
shown after all cuts apart from the cut on My;, in Fig. 1b. The neural network analysis combines 13
variables into one discriminant. The most important variables are the reconstructed top-quark mass
My, the pseudorapidity of the untagged jet |1 (u-jet)|, and the transverse energy of the untagged
jet Ex(u-jet). Systematic uncertainties affect the normalisation of the individual backgrounds and
the signal acceptance. In the neural network analysis the shape of the individual predictions is also
affected; both the rate and the shape uncertainties are taken into account by generating correlated
pseudo-experiments. The impact of the systematic uncertainties on the measurement is estimated
from these pseudo-experiments. Uncertainties on the object modeling, the Monte Carlo genera-
tors, the PDFs, the theoretical cross-sections, the background normalisation to data, and integrated
luminosity are considered.

A profile likelihood method was used to estimate the event yields and incorporate the sys-
tematic uncertainties in the cut-based analysis. After combining the 2-jet and 3-jet samples the
measured cross section and uncertainty is 6; = 90fg(stat) fg(l)(syst) = 90732 pb with an expected
cross section of o, F = 65f%§ pb. The number of events in each category for the 2 jet bin is shown

in Fig. 2a.

To extract the signal content of the selected sample we perform a maximum likelihood fit to
the entire NN output distribution. The fitted z-channel single top expectation value corresponds to
a measured cross section of 6; = 10547 (stat) 3§ (syst) = 105737 pb, the expected measurement
being ;P = 65 + 6(stat) 33 (syst) = 6572 pb. The output distribution normalized to the fit values

is shown in Fig. 2b.
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Figure 2: a) Distribution of the lepton flavour and charge after the cut-based selection in the 2-jet
data set. The t-channel signal contribution is normalized to the measured combined cut-based cross
section. b) Neural network output distribution normalized to the result of the binned likelihood
fit [5].

3. Search for Wt production

The object definitions used in the search for Wt-production are identical to the #-channel anal-
yses. Since we consider only the leptonic decay of both W bosons, exactly two isolated leptons
with pr > 25 GeV and E$> 50 GeV are required. The signal signature contains a single high-pr
jet originating from a b quark and therefore the pr of the leading jet must be greater than 30 GeV.
In the dielectron and dimuon channels a cut on the di-lepton mass is required to reduce the large
Drell-Yan background (Z — [I). In order to reduce the contamination from Z — 7T backgrognd, a
selection is applied on the angle between each lepton and the direction of the E%“iss (AY0) (7, Emiss)),
At this stage, about 85% of the background originates from the ¢7, followed by almost equal con-
tributions from diboson and Drell-Yan events. Signal events are expected to represent 8% of the
preselected sample. Data driven methods are used to estimate the main background contributions,
tt and Drell-Yan, as well as events selected with fake leptons, see Fig. 3a. The fake lepton and
Drell-Yan component of the preselected sample are estimated using data-driven procedures in-
volving side-band regions. The dominant ¢ background is measured directly from data using an
orthogonal sample, see Fig. 3b. The signal region is defined by selecting events with exactly one
jet, while the 77 cross-section is measured using preselected events with at least two jets. The t7
contribution is then extrapolated to the signal sample assuming that the simulation correctly mod-
els the 7 jet multiplicity distribution. A total of 47.1 +3.4 Wt events and of 246 423 background
events are expected, corresponding to a signal over background ratio of 19% and a statistical sig-
nificance of §/v/B = 3.0. The total expected event yield is 293 +23.5, which is in good agreement
with the observed 287 events. The sum of lepton transverse momentum after the final selection is
shown in Fig. 3c. The extraction of the W¢-channel production cross-section is treated as a counting
experiment and modeled using a likelihood function. Systematic uncertainties are grouped in un-
correlated sets and their effect is parametrized using a set of nuisance parameters. The cross-section
is then obtained by fitting for the maximum likelihood estimate, and the effect of statistical and sys-
tematic uncertainties is inferred from the shapes of the likelihood ratio and profile likelihood ratio,
respectively. We obtain the following 95% CL observed upper limit: ¢(pp — Wt+X) < 39.1 pb,
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while the expected upper limitis : o(pp — Wt+X) < 40.6 pb.
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Figure 3: a) Jet multiplicity distribution for the preselected sample. b) Sum of the jet transverse
momentum for events with at least two jets. ¢) Sum of lepton transverse momentum, shown for
1-jet events. In b) and c) the ¢7 sample is normalized using the scale factor determined in the
analysis [6].

4. Summary

We have measured the 7-channel single top-quark production cross section and searched for
the associated production of a top quark and a W boson using 0.7 fb~! of data. The ¢-channel single
top-quark production cross section was measured using a neural network approach, and a cut based
approach. Combining for the later method both 2- and 3-jet channels, the measured cross section
is 0; = 90f3(stat) f%(syst) = 907132 pb. with an observed significance of 7.6 standard deviations.
The strategy to search for W¢ channel was performed with a cut-based selection. The 95% CL
observed limit on Wt production is o(pp — Wt +X) <39 pb.
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