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Abstract

A measurement of the inclusive cross section for top quairkgeaduction inpp collisions
using events with an isolated lepton (muon or electron) andeaton decaying to hadrons
(Thag) is reported. Measurements of the branching ratios of t@rlqdecays into leptons
and jets using events wittt (top antitop) pairs are also reported. Events were recorded
with the ATLAS detector at the LHC ipp collisions at a center-of-mass energy of 7 TeV.
The collected data sample corresponds to an integrateddsity of 4.6 fb. The inclusive
cross section measured using events with an isolated leptbaryaqis o= 183+9 (stat.

23 (syst.)x 3 (lumi.) ph The measured top quark branching ratios agree with the &tdnd
Model predictions within the measurement uncertainties fefv percent.
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1 Introduction

In the Standard Model (SM), 100% of the top quark decays @ort&Y boson and a down-type quark.
Measurements of the ratio of top branching fractiBfis— W+b-quarkyB(t — W+down-type quark)]]
and of single top productior2f4] have shown that more than 95% of the decays are\wbkason and a
b-quark. In the SM the branching ratio to théfdrent leptons is the same since the decay proceeds via a
W boson , but in models of new physics, e.g. Supersymmetry {Slfhal states withr leptons can be
enhanced or suppressed];[thus measuring the inclusive cross section using finaéstevith leptons
can be a good probe for new physics. The measured values wiglygiark branching ratios will deviate
with respect to the SM predictions if the data sample selettieextracttt events contains final states
without two W bosons. Examples of processes that would cause deviatiohslé events with a top
quark decaying to charged Higgs or with SUSY patrticles diecpto the supersymmetric partner of the
7 lepton ). Limits on the top quark branching ratio to a charged Higgsdm and d-quark have been
published by the CDFq], D@ [7, 8], ATLAS [9, 10] and CMS [L]] collaborations. Another example
of a final state that can change the observed branching iiatibe pair production of supersymmetric
partners of the top quark)(decaying intdov. 7 followed by ther"decay into a lepton and the gravitino,
predicted by gauge-mediated SUSY breaking modidk [

This article presents a measurement of the inclugigeoss section using events with an isolated charged
lepton {« or €) and ar lepton decaying hadronicallyr{,g). Previous measurements of the cross section
at 4/s = 7 TeV in this channel have been published by the ATLAS and Chfalgorations 13, 14].
This article also presents a direct measurement of the tagkqgemileptonic and all-hadronic branch-
ing ratios. The branching ratios can be more sensitive grobeleviations from SM expectations than
measuring cross sections inffdrent channels, because of cancellation of systematictaimtées. The
large number oft pairs produced at the LHC provides an opportunity to measpeuark branching
ratios with high precision. These top quark branching satice expected to be determined by e
boson branching ratios, which have been measured at LERd be in good agreement with the SM
expectations]6]. Observing any deviation would be an indication of non-Sidgesses contributing to
final states dominated Hy production.

The analysis uses the full data sample, 46 flsollected by the ATLAS experiment at the LHC frqop
collisions at+/s = 7 TeV between March and November 2011. Kinematic selectiiteri@a are applied
that require one or both of the top and antitop quarks to diexta final state with one isolated lepton and
a jet. At least one jet in the event must be tagged as origigditom ab-quark p-tag). Seven mutually
exclusive final states are used in this analysigjets, u+jets, ee+jets, uu+jets, eu+jets, ernagtjets and
uthagtjets. Branching ratios for semileptonic and purely hadraop quark decays are obtained by
combining these seven final states assuming that only SMepses contribute to the background and the
top branching ratios to leptons and jets add up to one.

2 Analysis Overview

Data samples enriched withevents are selected by means of criteria that are desigremtépt twoN

bosons and at least offiequark. In every event, either an electron or a muon is redquiwith the aim
to selectW — ¢v, where¢ stands for eithee or u. The ¢ may be produced directly it — £v boson
decays or indirectly i'W — v decays. Separate event channels are classified dependthg dacay
of a secondV boson: W — jets for (+jets, W — (v for ££'+jets, orW — 1oy fOr £rhagtjets. Since



the analysis does not distinguish electrons or muons tiiginate from ar lepton decay from those that
come from direcWW — ev andW — uv decays, both are included in té — ¢v decays. The branching
ratios are measured by taking ratios of the numbet efents extracted from the three channels; thus an
important aspect of the event selection is to use simil&eriai for the object selection in all final states,
so as to allow the cancellation of systematic uncertaintigbe ratios. Another important criterion is to
ensure that no event contributes to more than one channelcAdnnel with the largest background and
smallest number of signal events is that contairingq+jets; thus the event selection and analysis were
optimized to reduce the uncertainty in that channel (see&ec

The number oft events in a given channel is extracted by fitting backgroumtisignal templates to data
distributions. The template shapes are fixed while theimadizations are allowed to vary. The signal
templates are derived frothMonte Carlo (MC) simulation, which assumes that the top kjdacays to
aW boson and d-quark with a 100% branching ratio. This assumptidiieets the shape of the signal
templates, and if it is not valid for the selected data, thasueed branching ratios will deviate from the
SM prediction. The amount of background varies signifigaiitieach channel. It is almost negligible
in the eu+jets channel and larger than the signal in thgaqt+jets channels. In thé+jets channels,
three invariant masses from two- and three-jet systems arahaverse mass distribution are fitted, as
described in detalil in Seé, while in the¢’ +jets channels the dileptorffective mass distributions from
two different missing transverse momentUEﬁg"(S% regions are used (see S&}. Because of the much
larger background, which originates from jets misidendifees r leptons, a very dferent approach is
taken in thefThagtjets channel. Instead of fitting a kinematic distributidme tjuantity fitted is a Boosted
Decision Tree (BDT) outputl]7], a multivariate discriminant that separates jets frolaptons decaying
to hadrons (see Se8).

The details of how the inclusive production cross sectiaht@anching ratios are derived from the number
of tt events obtained from each channel are discussed in%Sethe systematic uncertainties of the
measurements are estimated by varying each source of sitgtemcertainty by-1o0- in templates derived
from MC simulation and fitting all the distributions with tinew templates (see Sdd)). The final results
are given in Secll

3 ATLAS Detector

The ATLAS detector 18] at the LHC covers nearly the entire solid angle around tHés@n point.

It consists of an inner tracking detector surrounded by madhbperconducting solenoid, electromagnetic
(EM) and hadronic calorimeters, and an external muon speetier incorporating three large supercon-
ducting toroid magnet assemblies. The inner tracking tietgrovides tracking information in a pseu-
dorapidity rangén| < 2.5. The liquid-argon (LAr) EM sampling calorimeters coveraage oflp| < 3.2
with fine granularity. An iroyscintillator tile calorimeter provides hadronic energyasarements in the
central rapidity rangd#f| < 1.7). The endcap and forward regions are instrumented withdafarimeters
for both the EM and hadronic energy measurements coverirg4.9. The muon spectrometer provides
precise tracking information in a range|gf < 2.7.

L ATLAS uses a right-handed coordinate system with its origithe nominal interaction point in the center of the deteatml
thez-axis along the beam pipe. Theaxis points to the center of the LHC ring, and thaxis points upwards. The azimuthal
angleg is measured around the beam axis and the polar @nglie angle from the beam axis. The pseudorapidity is defined
asn = —In[tan@/2)]. The distance\R in —¢ space is defined asR = +/(A$)? + (An)2. The transverse momentum and
energy are defined g5 = psing andEr = E sing, respectively



In 2011, ATLAS used a three-level trigger system to seleene: The level-1 trigger is implemented
in hardware using a subset of detector information to rediieeevent rate to less than 75 kHz. This is
followed by two software-based trigger levels, namely k&/and the Event Filter, which together reduce
the event rate to about 300 Hz recorded for analysis.

4 Dataand Monte Carlo Samples

The present measurements use collision data with a cefteass energy ofy's = 7 TeV taken in 2011
and selected with a single-electron or a single-muon triggeking into account selection criteria for
good data quality, the total integrated luminosity for thalsized data sample is 4.6

Thett signal is modeled using the POWHES[ 20] event generator, interfaced to PYTHIABI|(v6.421)
with the Perugia 2011C tun@Z] for showering and hadronization, setting the top quarkstwad 725 GeV
and using the next-to-leading-order (NLO) parton distiiu function (PDF) set CTEQ6&p]. Thett
production cross section used in the simulation is norredlip 177 pb as obtained from next-to-next-to-
leading-order (NNLO) plus next-to-next-to-leading-loitfam (NNLL) calculations 24].

The calculation of the backgrounds uses MC simulationg/@f production with multiple jets (matrix
elements for the jets production include light quarks;, cc, bb), single-top-quark, and dibosol\ViV,
WZ, ZZ) events. Single-top-quark events were generated using MO@[25] (v4.01) interfaced with
HERWIG [26] (v6.520) and JIMMY R7] (v4.31) to model parton showering, hadronization, and the
underlying-event using PDF set CT1Bg]. W-+jets events with up to five partons aZdjets events
with m(¢*¢~) > 40 GeV and up to five partons were generated by ALPGE® (v2.13) interfaced
to HERWIG plus JIMMY and the CTEQ6L13D] PDF set. The MLM matching schem&1] of the
ALPGEN generator is used to remove overlaps between melgixent and parton-shower products.
Diboson events were generated using HERWIG plus JIMMY aedMRSTMcal PDF set32]. Scale
factors are applied to each process to match next-to-lgaatiber predictions. The decays are handled
by TAUOLA [33].

All samples of simulated events include thi&eet of multiple pp in the same and neighboring bunch
crossings (pile-up). On average, nine minimum-bias evar@®verlaid on all simulated events to match
the pile-up conditions in data. The events are reweighteatder to make the distribution of the average
number of interactions per bunch crossing match the oneradaten data. All MC events are simu-
lated with a detailed GEANT4-based detector simulati®d4, B5] and are reconstructed with the same
algorithms as used in data.

5 Event Selection

Events are selected using a single-muon trigger with threshold of 18 GeV or a single-electron trigger
with a E7 threshold of 20 GeV, rising to 22 GeV during periods of hightémtaneous luminosity. The
pr andEr criteria used in the further analysis guarantee a high anstaaot trigger fliciency. The same
triggers and reconstructed object definitions are apptial tchannels.

Muon candidates are selected using tracks from the innecaetmatched with tracks in the muon spec-
trometer B6]. They are required to haygr > 20 GeV andn| < 2.5 and to satisfy tight criteria designed to



reduce the muon misidentification probability. The muon nias'e a longitudinal impact parameteg)(
with respect to the primary vertex of less than 2 mm. In addijtto suppress muons from heavy-quark
decays, muons must pass the isolation cuts: the calorireatgy in a cone of siz&R = 0.2 around
the muon track must be less than 4 GeV, and the scalar sum @frtbéthe tracks reconstructed in the
inner tracker in a cone &R = 0.3 around the muon track must be less than@eV. If a muon overlaps
within a cone ofAR = 0.4 with an electron candidate or with a jet, as defined belois, ribt considered
to be isolated.

Electron candidates are required to satisfy tight critesiaich include cuts on calorimeter and tracking
variables to separate isolated electrons from f@fh [Electrons must fall into the regidfciustel < 2.47,
wherelnqusted is the pseudorapidity of the calorimeter energy clustev@ated with the electron, exclud-
ing the transition region between the barrel and endcapigaters at 137 < |ncustel < 1.52, and have
Er > 25 GeV. The electrons must also passknisolation cut within a cone oAR = 0.2 derived for
90% dficiency along with gpt isolation cut within a cone oAR = 0.3 derived for 90% fliciency for
prompt electrons frolZ — e*e™ events. The electron must haxewith respect to the primary vertex
of less than 2 mm. Finally, if the electron lies within a codeA® = 0.4 around the muon or between
0.2 < AR < 0.4 around a jet as defined below, the object is considered tovgoa or a jet, respectively.

Jets are reconstructed from clustered energy depositg icatlbrimeters using the arki{38] algorithm
with a radius parametd® = 0.4. Jets are required to have a transverse momep{um?25 GeV and to be

in the pseudorapidity rangel < 2.5. The summed scalgy of tracks associated to the jet and associated
with the primary vertex is required to be at least 75% of themsed pr of all tracks associated with the
jet [39]. Any jet close to a good electron, as defined above, is censitito be an electron if it lies within

a cone ofAR = 0.2 around the electron.

Missing transverse momenturEQQ‘sﬂ is the magnitude of the vector sum of theandy components
of the cluster energy in the calorimeters. Each clusterlibregied according to which type of higbr
object it is matched to, either electrons, jets, muons ot@iw

Jets containindp-hadrons (b-jets) are identifie-agged) with a multivariate discriminant that exploits
the long lifetimes, high masses and high decay multipéisittfb-hadrons. It makes use of track impact
parameters and reconstructed secondary vertices. Antogepoint corresponding to an averagéi-e
ciency of 70% and an average mistag rate for light-quarkge@8% is used4Q].

7 candidates are reconstructed using calorimeter jets as.s@éhese seed jets are calibrated with the
Local Calibration (LC) schemetf, 42]. The r candidate must havé} > 20 GeV,|n,| < 2.3, and only
one track withpr > 4 GeV associated with the candidate (77% of hadronic decays have only one
track). The charge of the candidate is given by the charge of the associated trackdi@ates with
higher track multiplicity are not used as they do not imprtdwe precision of the measurement because
of much larger associated systematic uncertainties. Talgsia makes use of a BDT faridentification,

a cut-based multivariate algorithm that optimizes sigmal background separatiofq].

Thet candidates that overlap withitiR < 0.4 of ab-tagged jet, a loose muof, or an electron® are

2 Loose muons are selected with all requirements describ&ea5 for good muons, except; > 4 GeV and no isolation
requirements are applied.

3 These electrons are selected with all requirements destiibSec5 for good electrons, but electrons widy > 20 GeV are
considered.



rejected and kept as jets or electrons. To remove the renga@lectrons misidentified ascandidates

a medium BDT (BDT) electron veto is applied. BQTis a BDT trained to distinguish electrons and
leptons using & — 7 MC sample as signal anda — ¢¢ MC sample as background. The medium
working point corresponds to 85%feiency forZ — rr, Ref. [43]. The additional rejection factor for
electrons after removing isolated electrons that overléh w candidates is 60. In addition, a muon
veto that compares the track momentunr itandidates with the energy deposited in the electromagneti
calorimeter is required to further reduce the muon backgpiout is tuned to 96% féiciency on signal
(62% on background after overlap removal). A BDT to rejedrbaic jets fakingr leptons, BDT, is
trained withr leptons from & — rr MC sample as signal and jets from data, selected from evatiis w
at least two jets, as background. Details of the B@iid BDT; input variables and performance are given
in Ref. [43].

The event selection requirements common to all channelagmémary vertex with at least five associated
tracks withpr > 400 MeV, at least one isolated high-muon (pr > 20 GeV) angbr isolated highpr
electron 71 > 25 GeV), at least two jets withy > 25 GeV, and at least one of them tagged aget. In
addition, there are requirements specific to each chanmelthE ¢+jets channels the isolated-mugq
threshold is raised from 20 GeV to 25 GeV to reduce the mubigekground and exactly one isolatéd
is required. The minimum number of jets with > 25 GeV is raised to four. Events withcandidates
are removed. Removing events witltandidates from thé+jets channel results in arffieiency loss of
8.5%. For theft’+jets channels, events are required to have exactly twotébfawith opposite-sign
charges ancE?‘ss > 30 GeV. For thefthagtjets channels, exactly one isolat&dE$1iss > 30 GeV, and

at least oner candidate, are required. In addition thand ther candidate must have opposite charge.
Ther candidates that do not satisfy these requirements are &gptsa The thresholds for leptgs, jet

pr and E’T‘“iss were optimized for thérnag+jets channel for maximum signal significance by means of a
search in parameter space.

6 Single-lepton + jets channel

Three diferent classes of events contribute as a background tb the/+jets channel:
1. events with one isolatetoriginating from processes with one true leptdvi joson decay);
2. events with one jet misidentified as an isolated leptonrendther isolated lepton reconstructed;

3. events with one isolated lepton originating from proesssith multiple true leptons but only one
isolated lepton reconstructed.

The number oft — ¢+jets events is extracted by fitting distributions of fourdariant mass variables
with templates for signal and backgrounds. The followingssneariables provide good discrimination
between signal and background:

1. m;;: invariant mass of the two highepi- jets not designated dsjets;

N

. Myyjj: invariant mass of the leadirgjet and the jets used to calculatg;;

w

Mppjj: invariant mass of the subleadilbgjet and the jets used to calculatg;;

4. my: transverse mass 6aind theE™sS, my(¢, EMSS) = \/(E§ + EMIS92 — (pf + EQIS92 — (pf + EMS9)2,



If an event has only one jet tagged ag-gt, the highespr jet that is not tagged is assumed to be a
secondb-jet. A few observations motivate the choice of mass distiims for the fit. The presence of
aW boson decaying to a pair of quarks leads tm;a distribution that peaks at th& boson mass. The
presence of a top quark decayingt§— qq) + b will producemy;j; andmyy;j; distributions that peak at
the top quark mass. The presence M/doson decaying té + v manifests itself as a Jacobian peak in
themy distribution when there are no additional high-neutrinos in the event.

6.1 Background Templates

The main backgrounds in the-jets channel are frodV(— ¢v)+jets and othett final states. There are
also smaller contributions from single top(— ¢¢)+jets (with one lepton not identified) and multijet
processes with one jet misidentified as a lepton. Backgroemglates are derived from the MC simu-
lations in all cases except multijet processes. The muligekground is very dicult to simulate due
to the need for a very large sample and the fact that MC modaetotireproduce that background well.
Instead it is derived from a control data sample with nomial electrons and muons, keeping all other
selection criteria the same. The distributions of a smalkeeted contribution frontt is subtracted from
the multijet control sample.

Figure 1 shows them;j, myjj, Myj; andmy distributions predicted by MC simulation and normalized
to unity for W+jets, Z+jets, andit — ¢+jets events. It also shows these distributions for muléjetnts
derived from the control data sample. The distributionsnfrathertt channels are not shown as that
background is normalized following the MC prediction of tlad¢io to the number aft — ¢+jets events.
The figure demonstrates that the shape of all the invariass mtributions from jets are quite distinct
for tt — (+jets while there is very little dierence between the various backgrounds. The distributions
for tt — ¢+jets events show that they include top quarks decayirg-W with the W boson decaying to
jets. On the other hand, tmer distributions show that they includeVe boson decaying leptonically in
both thett — ¢+jets andW-jets channels but cannot discriminate between them. Theshdw a clear
separation between final states with diWeboson decaying leptonically and those with little intrinsi
EMSS (Z+jets and multijets).

The background templates f@r-jets events from MC simulation are checked wathjets events from
data by selecting events with two identified leptons and ireguthe dilepton mass to be near tée
mass. Events are required to have two oppositely chargéoniefp§ > 25 GeV andd; > 20 GeV),
70 GeV< my, < 110 GeV,ET"** > 30 GeV, and the same jet selections as forfthiets signal. The only
significant background in the control data sample is fromtthe ¢¢’+jets channel. Figur shows the
mjj, Mp1jj and myy;jj distributions after merginge and uu events for ALPGENZ+jets MC simulation
and the data after applying scale factors (SF) based on corgpdata and simulation as a function of
the Z bosonpr and the jet multiplicity. The small expecteéticontribution is subtracted from the data
distributions. The Kolmogorov-Smirnov goodness-of-fgttéKS) value in each plot indicates how well
the shape of the data distribution is described by the ALPGENsimulation. *  Since there is no
noticeable dierence between the shapes of'itiejets andZ+jets templates, as shown in Fiy.one can
conclude that both MC templates can reproduce reasonablytheedistributions expected in the data.
The number of selected+jets events is also predicted well by the simulation.

4 KS is calculated with the function supplied by ROOT for comipg the compatibility of two histogramg4].
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Figure 1: (a) Invariant mass of two highgsi-jets not designated dsjets (m;;), (b) and (c) invariant masses of
jets designated dsjets and the jets used fam;j, (Myjj) and (ny;jj), wherebl stands for the leadinigrjet andb2

for the subleading-jet, and (d) transverse mass of lepton ﬁfi!éss (mr). The distributions have been normalized
and show distributions fat — ¢+jets,Z(— ¢¢)+jets, W(— £v)+jets MC events and multijet events populating the
¢+jets channels. The andu channels have been merged together innthie my1j; andmyy;; distributions. They
are kept separate in tmer distributions except fott andW-+jets. Events are required to have exactly one isolated
eoru, EMS> 30 GeV, at least four jets, and at least drtagged jet.

6.2 Fitsto MassDistributions

As shown in Sec6.1 the three invariant masses constructed from jets do notimdlisate between the
various backgrounds, while the signal frdinis quite distinct. The only distribution that isftérent
for each background is the transverse mass. In partichlatransverse mass clearly distinguishes final
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Figure 2: (a) Invariant mass of two highgsi-jets not designated asjets (m;;), (b) and (c) invariant masses of
jets designated dsjets and the jets used fom;j, (Myjj) and (ny;j;), wherebl stands for the leadinig-jet andb2

for the subleadingp-jet, and (d) transverse mass of lepton eﬁﬁldss (my). The distributions show ALPGEN MC
for a control sample oZ(— ¢¢)+jets events selected by requiring 20m,, < 110 GeV (ny is the invariant mass
of the two Ieptons)E?‘iSS > 30 GeV, at least four jets, and at least one of thetagged, compared to the data after
subtracting the expectéticontribution. KS is the value of the Kolmogorov-Smirnov goess-of-fit test.

states with mtrmsmE”“'SS i.e. those with &V boson decaying to a lepton and neutrino, from those where
Em'SSIS due to mlsmeasurements The dominant processes W|t|I2ua\bt65|ntr|nS|cEm'SS are multijet and
Z+Jets The transverse mass distributions for those two gesceare dlierent. However they contribute
little in my > 40 GeV so most of the separation comes from the region belo@etQ As shown in
Fig. 2, the ALPGENZ+jets simulation predicts the shape and the numbet+jpéts events well, so the
choice is made to normalize the numbeZafjets events to that predicted by the simulation. The number
of single top events is similarly normalized from MC simigat The amount of multijet background is
obtained from the fit to the data using the templates deriv@u honisolated lepton samples. The other
free parameters are the total numbeMtjets events and the total numbertofvents. The fractional
contributions for the varioug channels are obtained using MC events. To ensure that ement®t used
more than once, two sets of data are fittEQ‘.iSS < 30 GeV (set 1) an<E$“5S > 30 GeV (set 2). Setlis
used to fit thamy distributions and helps determine the multijet backgrou®et 2 is used to fit the three
jet mass distributions. Both sets are fit simultaneousi thitee parameters: the total number of multijet
events, the total number ¥¥+jets events and the total numbertbévents.

The variablesn,; j; andmyy;; are strongly correlated witi;;. To exploit the fact that the correlations are
very different intt and the background, the fits are done simultaneously in 6k ofm;; ,myyj; and
Myj; for a total of 216 bins. Of those, 30 bins have zero eventedimey are kinematically not possible.
The ranges and bin sizes are chosen so that all bins usedifay fite populated by more than 10 events.
That limits the range oy to my < 120 GeV,mj; to m;; < 250 GeV,myjj to myj; < 450 GeV, and
Mppjj t0 Mypjj < 450 GeV.

The my distributions for events witrEQ“iss < 30 GeV, used in the fits, are shown in FRQ. Tablel
shows the predicted contributions from each channel, coimipievents wittET"*® < 30 GeV andET"*® >
30 GeV. Figure4 shows that the fits describe well the feltjets andu+jets event distributions ah;,
My1jj and myp;; after requiringEM™ss > 30 GeV. Figure5 shows themy distribution for events with
ET'S> 30 GeV compared with the predicted contributions, whicteagwell with the data.
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Figure 3: Transverse mass of lepton ﬁﬁﬂss (my) distributions used in the fits. Events are required to haaetty
one isolatece or i, ET'*® < 30 GeV, at least four jets, and at least dntag. The model uncertainty (model unc.)
is the sum in quadrature of the statistical uncertaintietheftemplates used in the fits. KS is the value of the
Kolmogorov-Smirnov goodness-of-fit test.

Noticeable features from these fits are:

e The largest backgrounds originateWh-jets (15%) and othet channels (8.5%); the rest add up to
12% (multijets 5.3%Z+jets 3.9%, and single top 3.0%).

e The numbers dft andW-+jets events obtained by fitting are in good agreement witbelpwedicted
by the SM.
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Table 1: Results from fitting+jets andu+jets mass distributions froifi-jets events requiring exactly one isolated
lepton € or u), at least four jets, and at least obg¢ag. The uncertainties quoted here are from the fits and do
not include systematic uncertainties. Thejets contribution is normalized to the MC expectation. ldi&idn to

MC statistical uncertainty, it includes the uncertaintyrfr the scale factors applied to the simulation in order to
match the jet multiplicity and the Z bosq® dependence to that observed in the data . The single top bodat
contributions are normalized to MC predictions, includéydviC statistical uncertainty and the SM cross section
uncertainty. The (MC) rows give the numbers expected from $ulation. They?/ndf row gives they? and
degrees of freedom of the fits.

Channel etjets u+jets

tt — (+jets 19710280  2509@310
(MC) (18966: 31) (2423% 34)
tt (other) 2674+ 30 3393 30
(MC) ( 2577 11) ( 327% 16)
W-+jets 4800:500 560@-500
(MC) ( 4140: 70) ( 585& 90)
Z+jets (MC) 1900:500 79@:200
Single top (MC) 910+ 70 117G 80
Diboson (MC) 5.0+ 0.2 6.1 0.2
Multijet 100Q:120 280@:140
Total Background 11333:700 1370@600
Signak-Background| 3100@:800  3880@-700
Data 30733 40414

¥2/ndf 18§207 218207
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Figure 4: Distributions in data compared to the SM expeatatiafter fitting the following distributions: (a,b) the
invariant mass of two highegiy jets not designated dsjets; (c,d) the invariant mass of the leading jet desighate
asb-jet and the jets used fon;; (myyj;), and (e,f) the invariant mass of the second jet designatedbget and the
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oneb-tag, andET"*® > 30 GeV, with thee+jets andu+jets channels separated. The last bin shows the overflow.
The ratio plots show the result of dividing the data pointsh®ymodel expectation. The model uncertainty (model
unc.) is the sum in quadrature of the statistical uncetigsrdf the templates used in the fits. KS is the value of the
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7 Dilepton + jets channel

The number ott — ¢¢'+jets events in the data is extracted by fitting two dileptoraiiant mass dis-
tributions: one with 30< ET'S < 60 GeV and the other witES > 60 GeV. The most significant
background to thét — ¢¢'+jets channels after requiring"s®> > 30 GeV and at least ortetagged jet
comes from theZ(— ¢¢)+jets, with a smaller contribution from single top produati@%). Since the
E’T“issdistribut@on falls more rapidly for th&+jets background than for the signal process separating
it into two ET"*® bins improves the sensitivity of the fit for separating the fvocesses. Backgrounds
from dibosons and jets misidentified as isolated leptonsni;mérom W+jets with leptons from heavy-
quark semileptonic decays or an isolated charged hadradenitfied as a lepton, together denoted as
fake leptons) amount to 1.0% of the events. The background frémifolated leptons is estimated from
the number of data events with lepton pairs with the samegehaifter subtracting a very small expected
contribution from diboson processes. The invariant massiblitions are fitted with three templates: one
derived from att MC sample, one from @+jets MC sample, and one summed over all other contribu-
tions. Only the amounts contributed HyandZ+jets are allowed to vary. Th2 boson background in
the eu+jets channel from th&(— 77 — eu)+X channel is too small to be extracted by a fit,rag, is
fitted only for the number aff events in the data while the background is fixed. The fits iffhehannel
are performed over a mass range from 40 GeV to 250 GeV and iutbleannel over a mass range from
10 GeV to 250 GeV. Figured and7 show that then,, and EQ“SS distributions are well described in all
dilepton channels. Results of the fits are given in Table

Table 2: Results from fitting¢” invariant mass distributions using tviEd"'sS regions frome ¢’ +jets events requiring
two isolated leptonsg(or i), ET'*® > 30 GeV, at least two jets, and at least drtag. The numbers of events are
after summing events from bofil"** regionsET"** < 60 GeV andET"* > 60 GeV. The uncertainties are from the
fits and do not include systematic uncertainties. The sitoggieand diboson contributions are normalized to the SM
predictions and include only the MC statistical uncertaarid the uncertainty on the SM cross section. The (MC)
rows give the numbers expected from MC simulation.

Channel uu+jets eetjets eu+jets
tt 2890+ 80  100@40 264450
(MC) (2536+ 11) ( 903 6) (2420:11)
Z+jets 1380t 50 37911 13+ 4
(MC) (1267« 8) (385:11) ( 13t 4)
Single top (MC) 86+ 8 36+ 7 98+ 9
Diboson (MC) 22+ 1 8.1+0.5 3.3:0.3
Fake leptons 17+ 10 174 8 19+10
Total Background 1430Q: 50 442:15 136:12
Signak-Background| 4400:100 144@40  277Q80
Data 4102 1447 2848
¥2/ndf 3534 3134 5849
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Figure 6: Dilepton invariant masses @, (b) m,,, and EQ“SS distributions for events with two isolated leptons,
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Figure 7: (a) Invariant mass of electron and muwg,} and (b)Em'55d|str|but|ons foreu events after requiring one
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8 Lepton+thaq+j€ts channel

Unlike the single-leptor- jets and dilepton channels the background infthgq+jets channel is not small
and is dominated by contributions from othérchannels. Thus, invariant masses and other kinematic
variables are not sliciently sensitive to separate signal and background. thdhse a BDT multivariate
discriminant, named BDjT is used to separateleptons from jets identified ascandidates (see Seg).
Compared to the previous ATLAS measurement with this chiafit®, the present analysis uses only
one-prongr decays and is based on a larger data sample witierelit background model to reduce the
statistical uncertainty on the background prediction.

8.1 Tau Background Templates

In order to separate the contribution of processes wigiptons (signal) from those with jets misidentified
ast (fake r) the BDT; distributions of selected events are fitted with templateddke = distributions
derived from data and truelepton distributions derived from MC simulation. Contratd samples to
obtain templates of jets misidentified asandidates are selected with the following requirements:

e exactly one isolated electron wifl§ > 25 GeV and no identified muons for tee-  channel;

e or exactly one isolated muon wi: > 20 GeV and no identified electrons for the- 7 channel;
¢ and no additional muons witpr > 4 GeV;

e and 40 GeV< my(¢, ETS9) < 100 GeV;

e and exactly one candidate and at most one additional jet.

There are two mutually exclusive control samples:

The W+1-jet sample contains a lepton, one jet misidentified ascandidate and no additional jets.
The W+2-jets sample contains a lepton and exactly two jets withidher pr jet misidentified as &
candidate.

The control samples are divided into two subsamples, ortemand¢ having the opposite-sign charges
(OS), and the other with and¢ having the same-sign charges (SS). We 1-jet sample is rich in jets
originating from quark hadronization (quark jets) while i + 2-jets sample has a high percentage of
jets originating from gluon hadronization (gluon jets) atedmined from MC studies. One can extract
the distributions of gluon jets misidentified agandidates since the number of gluon jets in OS and SS
samples must be the same because they are not correlateithevitharge of the lepton. Fakdemplate
shapes depend on the jet type. Those from light-quark jetk aehigher BDT values than those from
gluon jets. The signal contributes only to OS events. Tloeeefthe BDT distributions of OS events
are fitted with a pair of background templates, whose lineantination equals the sum of the OS light-
quark and gluon jets identified axandidates, and a signatemplate. MC studies show that requiring
candidates that have only one associated charged pattimhgly suppresses jets originating from heavy
quarks ¢-jets, b-jets). Theb-jets are further suppressed by excludingandidates that are tagged as
b-jets. The BDT, template from remaining-jets identified ag candidates is similar to the light-quark
template. The signal template is constructed by summingxpected contribution of any channel that
has a reat lepton or a lepton misidentified asrdepton.
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In the W + 2-jets sample the lowepr jet has a high probability of coming from final- or initialase
radiation and thus a high probability of being a gluon jettHa following, OS1 (SS1) stands for the
fake BDTj distribution obtained from OS (SSY + 1-jet data sets and OS2 (SS2) represent the equivalent
distribution forW + 2-jets. Figures3(a) and8(b) show the OS and OS-SS distributions normalized to
compare the shapes. It can be seen that there are signifitBaredces between OS1 and OS2, but if
one subtracts the SS distribution from the OS distributidB84SS) the shapes are in good agreement. The
distributions are a sum of light-quark jets and gluon jets} @an be described by the following equations:

OSl=a -0S,+by -G, 1)
SS1=¢;-S§+ by -G, )
0S2=a;- 0%, + by - G, ®3)
SS2=c;-S§+ -G, (4)

where Og (S§) is a function describing the shape of the distribution ghtiquark jets contributing
to OS (SS) andG is the corresponding function for gluon jets. The obseovathat the OS1SS1 and

0S2-SS2 distributions have the same shape leads to the contlimsita; /c; = ay/c, for anyEr as the

Er of r candidates fronW + 2-jets are significantly lower than those fraM+ 1-jet. Using the above
equations, one can extract t@efunction from the OS and SS distributions separately, i.e.

K-G = (R-0S2- 0S1) (5)

K-G=(R-SS2- SS1) (6)

whereR is the ratio of the total number of OS$S1 events to OSES2 events an = R- by — by is
an unknown constant that must be the same whether SS or O8ddasextraciG. Figure8(c) shows
the extracteK - G distributions forr candidates. It is seen that the OS and SS distributions #ye fu
consistent with each other and can be summed to reduce tlsticthuncertainties.

In principle any background BDjTdistribution can be described by a linear combinatioisaind OS1
distributions. Furthermore, the BQTistributions depend oBy of the r candidates, which ffiers from
sample to sample. Ther dependence of the BQTs taken into account by fitting separdfg regions
with templates derived for those regions weighted to repredheEr distributions of the expected back-
ground. The OS1 sample has a small (2%) numberleptons from dibosons arid — vt~ final states
that have no impact on the fits fanaqt+jets BDT; data distributions whether or not they are subtracted
from the OS1 template.
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Figure 8: Normalized distributions of the output of the BieakDecision Tree used to discriminatéeptons from
jets misidentified ass, BDT;, for r candidates fromW + 1-jet andW + 2-jets samples for leptons with opposite
sign (OS), the distribution of opposite-sign leptons with same-sign lepton distribution subtracted {8S), and
the extracted BDJ distributions K - G, see text) for gluon jets misidentified agandidates is shown.

8.2 Signal Extraction by Fitting to BDT; Shape

The final background normalization and signal measurenrentstablished through fitting templates to
the data. There are various classes of background:

1. from processes with an isolatédvhere a jet is misidentified asracandidate;
2. from processes other thérthat haver leptons and an isolatefy

3. from processes with two isolatédvhere one is misidentified as a candidate;
4.

from multijet processes where bofhand r are from one jet misidentified as an isolate@nd
another as a candidate.

The dominant background to thie— {rhaqtjets channel comes from thie— (+jets channel with one
jet misidentified as a candidate (class 1). The only powerful suppression tecteniqr that background
is 7 identification, thus the best variable is the BpSCore, described with thecandidate selection in
Sec.5. Background of classes 1 and 4 is taken into account usinglées consisting of light-quark jet
7 fakes and gluon jet fakes derived from enrichéd/+jets data samples as described in Set.

The signal BDT template is derived from M& candidates that are matched tolapton or a lepton from
MC events that satisfy the event selection (classes 2 andlBg.class 2 processes contributing to the
signal template ardt — ¢r+jets,Z(— t77) +jets, and small contributions from single top and diboson
events. The main backgrounds of class 3zres ete” andtt events. Most electrons are removed by
the BDT, cut (see Sec5); the few that remain are indistinguishable franeptons. There is an even
smaller number of muons overlapping witltandidates that are not removed by the muon veto and are
also indistinguishable from leptons. In these cases, theandidates are added to the signal template.
The diiciency for electrons and muons misidentified@sndidates is determined by studyifig- ¢*¢~
events. Based on these studies the estimated contributiondlass 3 background to the signal template
is 2.8%. The total contribution from class 2 and class 3 bamkuds Z+jets,tt — ££+jets, single top and
dibosons) to the signal template is 15%. Tabkhows the detailed composition of the signal templates.

20



Table 3: Composition of signal template: all events from M@udation with a truer, e or u matched to the
candidate. The number of events are normalized to the nuaxpercted from simulation. Regions 1 and 2 are
20 GeV < ET < 35GeV and 35 Ge\k ET < 100 GeV respectively. The uncertainties represent thestital
uncertainties of the MC samples.

Channel Region 1 Region 2
tt — fthagtjets | 611.5+ 5.4 621.4+ 5.4
tt — £0+jets 13.0+0.7 13.0+0.7

Z + jets 545+ 3.3 45.3+ 3.0
Single Top 23.6x23 27.1+24
Dibosons 15+0.2 2.2+ 0.3
Total 705.2+ 6.8 709.5+ 6.8

With these background templates and MC signal tempBje&y? fit is performed with parameters to
set the normalization of each template: OS1+ b -G + ¢- S. The combined andu channel results
are obtained by fitting to the sum of the distributions. Corigoas of the template shapes of thandu
channel show they are identical within the uncertainties.

Two differentE regions, 20 Ge\k ET < 35 GeV and 35 Ge\k Er < 100 GeV, are chosen such that
each region has the same number of expected signal evemee pdérameters are used to fit both regions
simultaneously: the fraction af candidates in eacBr region that are gluon jets and the total fraction
of signal. In the fit the sum of signal and background must gutbithe number of observed events in
eachEr region and the amount of signal in the two regions is cormsthby the ratio predicted from MC
simulation.

8.3 Fit Results

The three-parameter fit was applied to MC samples to edtabligether it can extract the known signal
without bias. The MC samples are made with events fthriV+jets, Z+jets, single top and diboson
final states satisfying the data selection criteria. The M@@es were split into two, one used for the
points to be fitted and the other for the templates. Figushows these MC fit results after correcting the
background templates derived fraM+jets to account for the flierentEr distribution of ther candidates

in the expected background tb— frhagtjets. The model uncertainty shown in Fig@eorrespond to
the uncertainty of the templates in the fits to the data and tmeensemble tests. The ensemble tests
show that no bias is introduced by the fitting procedure. fla@de channels are combined by adding
together the distributions of both channels. The data B@Stributions can have multiple entries for an
event as alr candidates are considered. This has no impact ott thefthog+jets signal as there is only
oner lepton decaying to hadrons in that channel.

The results of fitting the data are summarized in T@alelgmed is the number of signal template events.
Ng'“e‘j is the number of observeit — ¢r+jets events, obtained by subtracting the contributionmfro

class 2 and class 3 backgrounds (see 8&%.from Ngi“ed. The number of expectedeEt”C) is in good
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agreement withNE‘“ed. Figure10shows the final results using thgsande channel combined templates.
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Figure 9: Fitted distributions of thejjet discriminant BDTF MC using corrected background templates for 0o
regions. The model uncertainty is the uncertainty of theplates used in the fits to the data.

Table 4: Numbers of events expected from MC simulation amdditlts to the BDT distribution using background
and signal templates as described in $et. Nt’}"c is the expected number tf — frhaq+jets events for a cross
section of 177 pb. B, - is the number of leptons expected from sources other thtar> £thagtjets. Beptonis
the expected number of leptons misidentifieddaesptons.Ngme" is the number of events extracted with the signal
template §, see text) an®Z"*?= NE"*%-B . 5 . -Biepton

Nt’\f/lc Bnon i Blepton Ngitted NEitted
20< Ef <35 GeV 611+5 76.2+35 17.1+1.1 N/A N/A
35<E; <100GeV| 621+5 695+3.3 17.6+1.1 N/A N/A
CombinedE] bins | 1232+ 8 146+ 5 34.8+ 1.5 | 1460+ 60 (y%/ndf =0.69) 1280+ 60

Jets misidentified asleptons come mostly frortt — ¢+jets and from\W-+jets. Thus theny distributions
should show a Jacobian peak fromMadecay. Thett — frhaqtjets events have additional neutrinos,
which produce a broademy distribution. Figurell shows the distributions from events selected with
BDT; < 0.6, which are mostly background, and for events selected Bfi; > 0.7 where the ratio
of signal to all background is 2:1. The plots include the ed distributions using the normalizations
based on the fits to the BQWistributions. The amount & — 77 is normalized to the MC prediction.
The data are well reproduced in all cases.
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Figure 10: Fitted distributions of thejet discriminant BDT in data using corrected background templates for (a)
20 GeV< Er < 35GeV and (b) 35 Ge\k Er < 100 GeV. The model uncertainty is the statistical uncetyaiih
the templates used in the fits.

9 Measuring Cross Section and Branching Ratios

In the SM 100% of the top quark decays have Whboson and a quark. Therefore the top quark branching
ratios into channels with leptons and jets are determineithdW decay branching ratios that have been
measured with 0.3% precision (assuming lepton univey3dllis] and are predicted by the SM with an
uncertainty of order 0.1%. It is possible to derive the bhémg ratios into all decay modes using the
number oftt events extracted in the previous sections assuming thabghquark branching ratios to
leptons and jets add up to 100%. Any deviation fromWWédranching ratios would be an indication of
some process not predicted by the SM. The following obsequedhtities are defined (Wheiy, - e is

the geometric detector acceptance times thieiency of channeth):

e N,j=(observed number df — u+jets)/ Ay; - €,

o Ngj=(observed number df — e+jets)/ Ag; - €,

e N,,=(observed number daf — u + u+jets)/ A, - €,
e Nee=(0bserved number df — e+ e+jets)/Aee - €ee,

e Ng,=(observed number df — e+ u+jets)/Ag, - €,

e N/,.=(observed number at — ¢ + thag+j€ts)/ A - €,

® Nej=Nyj+Nej,
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Figure 11: Transverse mass distributions ) of tt — (rhaqtjets events. The black points are data, the solid
histograms the prediction based on the fits to the B@i$tributions. The jet background is the sum of all channels
with jets misidentified ag candidates normalized to the amount obtained from the fiBO®; distributions.
The multijet background is the estimated contribution froom4t multijet processes and is included in the jet

background. The model uncertainty is the statistical uagay of the templates used in the fits. KS is the value of
the Kolmogorov-Smirnov goodness-of-fit test.

The following notation is used for the top quark branchintipsa

e B,: top quark branching ratio tav,(v;) + X,

Be: top quark branching ratio teve(v;) + X,

B.: top quark branching ratio tev, + X, with the lepton decaying hadronically

Bj: top quark branching ratio to jets,

By: B,+Be.

The branching ratioB, and B include events with leptonic decays.

With these definitions the following relations hold:

N = 205 By By - L, @)
Nee = o - BZ - £, (8)
Ner = 206 - Be - Br - L, )
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Bj+B;+B, =1, (10)

whereo is the cross section fdt pair production and is the integrated luminosity. These four equa-
tions with four unknowns can be solved to obtain:

Bj = N¢j/(Nej + 2Nee + Ner), (11)
Be = 2Nge/(Ngj + 2Nge + Neo), (12)
Br = Nez/(Nej + 2Nge + Neo), (13)
o L= (Ngj + 2Ng + Ner)? /ANy (14)

From the numbers df events given in Table$- 4 and the acceptances given in Tabléhe values are
obtained foN,x and given in Tablé. The Ny are in units of eventpb™.

After solving for B, one can solve foBe and B, using ratios in the dilepton and the single-lepton chan-
nel:

Bu(e) = 2Nyy(ee) - Bj/Nuj = @, (15)

Bue = Br+ /Nuuee)/Nee = b. (16)

The best values are obtained by minimizing

X? = ([Bye — al/68)* + ([Bye — b]/ob)?, (17)
whereda andésb are thea andb uncertainties.
Table 5: The acceptanceefficiency (Aq - en) Of each channel used to extract the numbett @éfvents after all

selections. TheAq, - e are calculated by taking the ratio of fully reconstructed BMi@nts to MC generated events.
The uncertainties represent the statistical uncertaiofithe MC samples.

e+jets u+jets eetjets uu+jets eu+jets {r+jets
Ach - €n(%) | 14.02:0.02 17.880.02 7.090.04 19.740.08 9.5@0.04 4.360.02
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Table 6: Measured number of evefpts* for each channel and the number predicted by the SM. Datartaitce
ties are statistical only. The SM uncertainty is calculaieohg the theoretical uncertainty of the NNEGNLL
calculation of the cross section.

Nej Nyj Nee Ny Ney Ne¢r
Nej Nee
Measured| 30.62:0.26 30.5%0.29 | 3.06:0.12 3.190.10 6.06:0.12 | 6.39:0.30
61.19:0.40 12.31:0.20
SM 30.40:1.2 30.4@1.2 | 2.86:0.11 2.860.11 5.720.20| 6.39:0.25
60.64+2.4 10.95:0.44

10 Systematic Uncertainties

Several sources of experimental and theoretical systemuatertainty are considered. Lepton trig-
ger, reconstruction and selectioffieiencies are assessed in data and MC simulation by comptueng
Z — (*¢ events selected with the same object criteria as used fdt #ralyses. Scale factors are ap-
plied to MC samples when calculating acceptances to acéounny diferences between predicted and
observed fliciencies. The scale factors are evaluated by comparingbtbereed #iciencies with those
determined with simulated boson events. Systematic uncertainties on these scatedaae evaluated
by varying the selection of events used in thigceency measurements and by checking the stability of
the measurements over the course of data taking. The mgd#lihe lepton momentum scale and reso-
lution is studied with reconstructed invariant mass disttions ofZ — ¢*¢~ candidate events, and these
distributions are used to adjust the simulation accorgifiggb, 37].

The jet energy scale (JES), jet energy resolution (JER){fzeid uncertainties are derived by combining
information from test-beam data, LHC collision data andudation. For jets within the acceptance, the
JES uncertainty varies in the range 4-8% as a function gbjedndn [39]. The b-tagging dficiency
and its uncertainty is determined using a sample of jetsatmingy muons 40]. The &fect of all these
variations on the final result is evaluated by varying each@mof systematic uncertainty o in the
MC-derived templates and fitting all the distributions wiitle new templates.

The uncertainty in the kinematic distributions of theignal events gives rise to systematic uncertainties
in the signal acceptance, with contributions from the choitgenerator, the modeling of initial- and final-
state radiation (ISFESR) and the choice of PDF set. The generator uncertaintaisated by comparing
the MC@NLO and ALPGENZ9] predictions with those of POWHEQ@(] interfaced to either HERWIG

or PYTHIA. The PDF uncertainty is evaluated following the PILHC recommendatiop]. An event-
by-event weighting is applied to a default MC@NLO samplé tiees the central value of CT109].
MSTW2008 @6] and NNPDF2.0 47, 48] sets are taken to estimate the systematic uncertaintyalue t
the PDF. The uncertainty due to IFFSR is evaluated using the ALPGEN generator interfaceddo th
PYTHIA shower model, and by varying the parameters comt@lISR and FSR in a range consistent
with experimental datadP]. The dominant uncertainty in this category of systematicastainties is
the modeling of ISRFSR. In addition there is an uncertainty in térjets MC simulation due to the
uncertainty in the heavy-flavor component of the jets. Thersgtic uncertainty from single top MC
simulation has a negligible impact on the overall systemnaticertainty.
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Ther identification uncertainty is derived from a template fithe 8DT; distribution from an enriched

Z — "1~ data sample selected with the sgmm@ndr candidate requirements as the sample for this anal-
ysis, but with fewer than two jets amdr < 20 GeV to removéV+jets events. The background templates
are theW+1-jet OS and the gluon template used in the fit totthgata sample. The signal template is
the BDT; distribution fromZ — 7*7~ MC events. The uncertainty includes the statistical uagett of

the data samples, the uncertainty in thenclusive cross section measured by ATLAS)] (excluding
luminosity uncertainty) and jet energy scale uncertaiitye signal template shape uncertainty, estimated
from fits to theZ — 7"t~ data sample, is found to be negligible. The uncertainty @enrnthmber of
misidentified electrons< 0.5%), determined from an enriched — e€"e~ data sample, is included. In
addition there is an uncertainty in the correction appliedhie r background templates derived from
W-+jets data to account for thefférentE+ distribution of ther candidates in the expected background to
tt — Crhagtjets.

The calculated systematic uncertainties for the inclusiess section measured with the ¢+jet chan-

nel are given in Tabl€. Table8 gives the systematic uncertainties estimated when compii chan-
nels. The uncertainty on the measured integrated luminasitstimated to be 1.8%f]. As expected

the systematic uncertainties are substantially largenémteasurement of the cross section based on the
{thadtjets channel alone than in the combination of all channelse largest uncertainty in the com-
bined cross-section measurement and in the branchingmat&surements is due to the JES uncertainty,
followed by the MC generator and the uncertainty in the hdtamor component ofW-+jets. The uncer-
tainties on the measured branching ratios are significamtigller than on the measured inclusive cross
section, as expected due to cancellatiddshas a larger systematic uncertainty than the other bragchin
ratios due to uncertainties aridentification that do not cancel in the ratios.
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Table 7: Absolute systematic uncertainties, in pb,

for tress-section measurements with the— frnagtjets

channel. Thee andu uncertainties are the sum in quadrature of trigger, recoctsbn and selectionficiency

uncertainties. The identification uncertainty include

s electrons misideetifasr leptons.

Absolute uncertainties [pb]

L uncertainty 1.7

e uncertainty 3.0
Jet energy scale -55/+6.8
Jet energy resolution 15
ISR/FSR 12.3
MC generator 10.1
PDF 0.6
b-tag -8.3/+10.0
7 identification 8.0

T background correction 5.6
Total -22/+23
Luminosity 3.3
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Table 8: Relative systematic uncertainties (%) for crosti@e and branching ratio measurements. The systematic
uncertainties foB andB, (not shown) are 100% correlated with tBeuncertainties and of the same size. Ehe
andu uncertainties are the sum in quadrature of trigger, recoctivbn and selectionfgciency uncertainties. The
MC generator uncertainty is theftérence between POWHEG interfaced with PYTHIA and ALPGENrifstced
with HERWIG. HF stands for heavy-flavor.

o B; B¢ B,

4 uncertainty 1.3 0.15 0.6 0.5

e uncertainty 1.1 0.15 0.5 0.5
Jet energy scale -69/+49 -16/+14 -19/+27 -38/+43
Jet energy resolution 1.2 0.3 0.8 0.7
ISR/FSR 2.0 0.3 1.3 4.0
MC generator 3.6 0.6 0.8 1.9
PDF 2.9 0.3 0.1 0.3
b-tag -1.3/+5.0 0.3 1.0 15

7 identification 0.5 0.15 11 3.5

7 background correction 0.2 <0.1 <0.1 2.5
W-+jets HF content -41/+27 -10/+07 -11/+23 -13/+21
Total -97/+92 -21/+18 -34/+42 -71/+76
Luminosity 1.8 <0.1 <0.1 <0.1
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11 Results

The inclusivett cross section using only thenagt+jets channel is derived from the number of observed
tt — (r+jets events given in Tabke(Sec.8.3):

o = 183+ 9 (stat.)+ 23 (syst.)x 3 (lumi.) pb

This result is consistent with the previous ATLAS measunetn®36+25 pb [L3]. The results from com-
bining all channels to extract the top quark branching satice given in Tabl®. The measured cross
section of 178 17 pb is in good agreement with those obtained by ATLAS foividdial channels§2-
54]. The selection criteria for this measurement were opaifor thett — frhagt+jets channel, which
has the largest uncertainty, and then applied uniformlylitetennels, ensuring no event overlap be-
tween them to exploit cancellation of systematic uncetiedgnin the ratios. This reduces the systematic
uncertainties in the branching ratio measurements butibioptimal for a cross-section measurement
combining all channels. The systematic uncertainty onribligive cross section obtained by combining
the samples used for this measurement is larger than theAbestS inclusive cross-section measure-
ment 4], which achieved much smaller uncertainties because id@aigned to minimize the systematic
uncertainties related to jets, including the b-taggifitciency and the jet energy scale. All cross-section
measurements are in good agreement with the NINNQLL theoretical prediction 17.3 + 9.0jg:g pb
(calculated for a top mass of 162GeV [24, 55)).

The branching ratios into leptons and jets are in good ageaemith the SM prediction that the top
quark decays 100% té/+quark. There is no evidence for any non-SM top quark decagroariy non-
SM process contribution that coulffect these measurements. The precision of the measurerapgesr
from 2.3% forBj to 7.6% forB.. TheBe andB, include the leptonic decay efleptons whileB; includes
only the hadronic decays efleptons.

Table 9: Measured cross section (pb) and top quark branehtias (%) including statistical and systematic un-
certainties without imposing lepton universality. The ertainty on the SM prediction for the cross section is
the uncertainty in the NNL®ONNLL theoretical calculationd4, 55]. The SM branching ratios are the predicted
W branching ratios. The LEP measurements represendtheanching ratios obtained by combining results for
ALEPH, DELPHI, L3 and OPAL collaborations imposing leptoniversality [L5. The LEP entriesBe and B,
include ther leptonic decays that have been subtracted fBam

Measured SM LEP
(top quark) (W)
o | 178+ 3 (stat.)x 16 (syst.)x 3 (lumi.) pb | 177.3 +9.0°25 pb
Bj 665+ 0.4 (stat.)+ 1.3 (syst.) 67.510.07 67.48:0.28
Be 133+ 0.4 (stat.)+ 0.5 (syst.) 12.72:0.01 12.70:0.20
= 134 + 0.3 (stat.)+ 0.5 (syst.) 12.72:0.01 12.60:0.18
B, 7.0 + 0.3 (stat.)+ 0.5 (syst.) 7.05:0.01 7.20:0.13
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12 Conclusion

The inclusive cross section for producitigpairs in pp collisions at a center-of-mass energy ¢6 =

7 TeV at the LHC has been measured with the ATLAS detector aridtagrated luminosity of 4.6 f
using thefthagtjets channel alone, as; = 183+ 23 pb, and as a single parameter to fit the channels
{+jets, 0+jets andfrhagtjets, to be 178 17 pb. These are in agreement with all other cross-section
measurements obtained by ATLAS and CMS. All cross sectioasomements are fully compatible with
the NNLO+NNLL theoretical prediction. Top quark branching ratiosdalso been measured and found
to be in good agreement with branching ratios predicted bystil. The precision ranges from 2.3% for
the decays to jets to 7.6% for the decaysiejet. There is no evidence for any non-SM proce$saing
these branching ratios.
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