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The top quark was discovered at the Tevatron almost twenty years gt gill many of its
properties have yet to be measured precisely. The increased proderciss-section of top quarks
at the LHC compared to that at the Tevatron will eventually allow for highecipion studies
and measurements of relatively rare top quark phenomena. Here wéaagwo measurements
performed by ATLAS at the LHC that are significant steps toward thajnara, namely, the mea-
surement of the top quark charge and a measurement of top-quarkgmiicpon with a photon in
the final state. The main motivation of these measurements is to confirm therdtaratiel nature
of the top quark. For example it is conceivable that the particle we call theuark could in fact
be an exotic type particle with charge -4/3e [2]. The charge can be diiefglyed from its decay
products or through its coupling to photon radiation. The cross sectiaihégprocespp — tty
and the confirmation of the standard model top quark charge are pregbgdiecan be determined
with relatively small datasets. They measurement presented here does not distinguish between
radiative top quark production and decay. Consequently, non-ndgligiterference effects be-
tween the two processes are taken into account. Both of the measuremeniteba described in
detail in conference notes [3, 4]. What follows is a brief summary of eacltysis.

The two measurements are performed using data of proton on proton caliiigh= 7 TeV
collected by the ATLAS detector. The ATLAS detector is described in delsglndere [5]. The
top quark charge measurement uses 0.78 fbhile the measurement ¢ify uses 1.04 fbl. The
event selection is performed in the single electron and single muon everiesafiipe reconstruc-
tion of tt events is achieved in tHepton plus jets final state, where on#/ from the top decays
leptonically while the othewW from the other top decays hadronically. The reconstructed leptons
include electrons and muons.

Top pair and single top events are generated using MC@NLO with the CTHG)6rton
distribution function. These samples are then interfaced to HERWIG v6.A1fof the parton
shower while JIMMY [8] is used for the underlying event. Ttiecross section is normalised
to the approximate next-to-next-to-leading order (NNLO) prediction of.@pHd, obtained using
the HATHOR tool [9].The single top production cross sections are nornaaitsthe approximate
NNLO prediction for thet, sandWt production channels respectively [10]. Vector boson produc-
tion is simulated using ALPGEN [11] and interfaced to HERWIG v6.510 [7}lierparton shower
while JIMMY [8] is used for the underlying event. For both the matrix elemattidations and
the parton shower evolution the CTEQS6.1 [6] parton distribution functionas u$hetty sample
is generated with the WHIZARD [12] MC generator, which allows for a fallotilation taking into
account all possible contributing diagrams at leading order (LO).

1. Common Object and Event Selection

Electron candidates are defined as energy deposits in the electromagheticieter with
an associated measured track in the inner detector. All electron candidatesquired to have
a transverse momentumpy > 25 GeV and|ng| < 2.47, whereng is the pseudorapidity of the
electromagnetic cluster associated with the electron. Candidates in the calotiaretiion region
1.37 < |ng| < 1.52 are excluded. Muon candidates are reconstructed from track segmehe
different layers of the muon chambers. These segments are combirteydtam the outermost
layer, with a procedure that takes material effects into account, and rdatdtte tracks found
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in the inner detector. The final candidates are required to satisfy 20 GeV and|n| < 2.5.
Isolation criteria are used to reduce the background from hadrons mimitdqon signatures
and from decays of heavy quarks inside jets. The total energy in aafohie = 0.2 around the
electron candidate must not exceed 3.5 GeV, after correcting foryedeppsits from pile-up. The
sum of track transverse momenta and the total energy deposited in a cAfRe-00.3 around

the muon are both required to be less than 4 GeV. Jets are reconstructéolevattti-kt algorithm
(with distance paramet&= 0.4) starting from energy clusters of adjacent calorimeter cells. These
jets are calibrated by first correcting the jet energy using the scale elstabfisr electromagnetic
objects (EM scale) and then performing a further correction to the hiedeorrgy scale.

Signal events in the lepton plus jets final state are characterised by tleageeasf an isolated
high pr lepton with the presence of the neutrino resulting in missing transverseye(rEélP{js),
and accompanying jets from batkhquarks and light quarks from the W boson decay. Events were
first selected with the electron or muon trigger with a transverse engggyh{reshold of 20 GeV
for electrons and 18 GeV for muons. Exactly one isolated lepton (electromuon) withEr ex-
ceeding 25 GeV (electron) or 20 GeV (muon) in the event was requirddhas lepton had to
be matched to the object firing the lepton trigger. At least four jets with trassva@omentum
pr > 25 GeV and within the pseudorapidity rangg < 2.5 were required. ThEMSShad to ex-
ceed 35 GeV for the events with electrons, and 20 GeV for the events withand@ ensure a
good event quality, a primary vertex containing at least five chargeditlearwas required, and
events containing jets in poorly instrumented regions with transverse momentgadaxg 20
GeV were removed. The transverse mass of the leptonically decaying o boghe event was
reconstructed asir (W) = v/p pv(1— cos(@ — @)), where the measurdgf"'ss provided informa-
tion on the transverse momentum ap@ngle of the neutrino. For the events with electrons this
mass had to exceed 25 GeV, while the sum of this masfa}‘fd had to exceed 60 GeV for the
events with muons. Finally, at least one jet was required to be from a veelhséructed displaced
vertex, b-tag [13]. Thety measurement uses a combination of two b-tagging algorithms. One
algorithm exploits the topology of weak b- and c-hadron decays insidetthEje second one uses
the transverse and the longitudinal impact parameter significances ofraakiwithin the jet to
determine a likelihood that the jet originates from a b-quark. The resultsiaih b-tagging algo-
rithms are combined using an artificial neural network to determine a singkéndiisating variable
which is used to make tagging decisions [14]. A cut on the neural netwdgubis chosen such
that approximately 70% of b-jets frothdecays are accepted.

2. b-quark charge measurement

The charge of the Standard Model top (or exotic) quark was determipesiullying the
charges of its decay products. To determine the b-jet charge, a weigitimgique was employed
in which the b-jet charge is defined as a weighted sum of the charges s$dsiated tracks:

Yidi ]F Bi -
Qo-jet = — % (2.1)
i ‘J - Pi
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Model (Qcomb)
etjets U+jets combined
SM —0.084+0.020 | —0.081+0.023 | —0.0824+0.020
Exotic | +0.085+0.028 | +0.088+0.023 | +0.083+0.020
Measured| —0.088+0.022 | —0.078+0.020 | —0.082+0.015
Model (st
etjets U-+jets combined
SM —0.237+0.016 | —0.232+0.015 | —0.234+0.011
Exotic | +0.241+0.016 | +0.180+0.015 | +0.209+0.011
Measured| —0.36+0.09 —0.26+0.10 —0.31+£0.07

Table 1: The measured and the expected average valuBsqa, and< Q9% . The expected values are

for the Standard Model top and the exotic quark scenarios.€Ftors on the measured values include both
the statistical and the systematic uncertainties [3].

whereq;(p;) is the charge (momentum) of tfi& track, j is the b-jet axis direction and = 0.5 is

a parameter optimized for the best separatioh and Ejets. For optimal separation, ten or fewer
tracks are required that hayg > 10 GeV pointing to a b-jet within a cone AR = 0.25. It was
verified that the optimization is not very sensitive to multiple events in one beassing. The
expression

Qcomb= Qb jet - Q

whereQy, which is the lepton charge, is used to distinguish the Standard Model fremxtitic
scenario. The lepton anotjet pairing was performed using the invariant mass distribution of
the lepton and the b-tagged jet. The efficiency of the invariant mass criteg@ther with the
requirement of two b-tagged jets when measured on the sample of evesiisgpte standard
semileptonic selection described previously is 9.3%.

Muons from semileptonic B-hadron decays are identified as non-isolatedsmnside corre-
sponding b-jets, and their charge have the same sign as the charge afjuhekithat produced
the jet. But this assignment is diluted by the presence of muons from semilephamio decays,
which usually have the opposite charge or from B-mesons having oscitlatéeir charge con-
jugate partner before decay. A likelihood based method was used to degdimaigorrect event
topology, specifically the correct pairing of a jet (b-tagged or not) withisb&ated lepton stem-
ming from the semileptonic W decay. The selected jet was assigned to thetdepten in 68% of
events. The total selection efficiency relative to the standard semileptahéscribed previously
was 4%. The variabl@3 = Qsony - Q(I) is used to determine the top quark charge. To reduce
the number of muons from charm decays a cut onghef the soft muon with respect to the jet
axis of 800 MeV was employed.

The values of Q39" ) (soft muon method) antQcomn) (track charge weighting method) are
shown in Table 1. The data are consistent with the Standard Model predictio

Given the good agreement between the measurements and the Standafdtiviobp quark
with an exotic charge of ABe can be excluded. To quantify this exclusion a standard likelihood
approach was adopted. Two hypotheses: the Standard Model (poliHesis) where the top quark



Other Top Quark Properties Antonio Limosani

has charge ZBe, and the exotic quark hypothesis, with a charge (e} were compared. The
measured Qgomp > and< Q" > are each more than 4s5away from the values expected from
the exotic quark hypothesis when the two lepton flavors are treated tepalfeelectron and muon
channels are combined, the exotic quark scenario is excluded at aszwdikkvel greater tharos

with either of the b-quark charge measurement methods.

3. tty measurement

On top of the selection mentioned in Section 1, additional requirements aredafgpBelect
photons. The event has to contain at least one good photon with a trem&vergy of more than
15 GeV, and in the electron channel, the invariant mass of the electrorhatwhghas to be outside
of a+5 GeV mass window around tiepeak (ne, < 86 GeV orme, > 96 GeV) in order to reject
Z — ete  events where one of the electrons is being misidentified as a photon. Int¢hsadaple
used there are 52 events in the electron channel and 70 events in the nanoeldhat fulfil all
selection criteria. Frontty Monte Carlo simulation, a prediction of 22 and 28 signal events is
derived in the electron and muon channel, respectively.

The efficiency times acceptance of the object and event selection is takentfe signatty
sample for both the electron and muon channel separately. In the elebaones, the efficiency
times acceptance is 1.0% and in the muon channel it is 1.3% with respect to thigtiall sample.
This includes the branching ratio into the single electron or single muon chaih2&% and the
acceptance of 58% for the photpr cut at 15 GeV with respect to the cut in the generation of the
signal sample at 8 GeV.

The cross section measurement is based on a template fit method, using khediatton
pene20 distributions for two different kinds of photon candidates, prompt pro#omd photons from
the decay of hadrons (hadron fakes), e.g. jets fragmenting with artfarmas the discriminating
variable. The track isolatiops®™? is defined as the scalar sum of the transverse momenta of all
tracks in a cone witlAR = 0.2 around the photon candidate. In order to measure the number of
signal and background events, the template fit of all photon candidatedasmped using different
templates for signal-like prompt photons and hadron fakes. The trackigsoldistributions are
obtained from data.

Fig. 1 compares the templates for prompt photons and hadron fakesighlaétemplate for
prompt photons is obtained froeh— ee decays in data, exploiting the similar isolation shape of
electrons and prompt photons. Small differences between electranZfidecays and photons
from tty decays have been found in Monte Carlo simulations. The data electron tersptate
rected using the extrapolation from electrons to photons obtained fronteM@arlo simulation,
in bins of photon pseudorapidity and transverse momentum. The templatedfonkamisidenti-
fied as photons is extracted from a data stream obtained from jet trigg@mgdsting at least one
requirement on the shower shape variables [15].

The main background i events with a hadron fake. Such processes are already suppressed
by the tight shower shape cuts on the photons, but remain the most sizaaktgdund. Their
contribution and those of all other processes with hadron fakes anglataid from the template
fit. Another important background is events from the dileptonic decay mbiag @air production
where one electron is misidentified as a photon. For top pair production #iesfinrce of back-
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ground events ity events that do not fulfil the WHIZARD phase space. Remaining backgrou
contributions includ&V+jets(4y), Z+jets(+y), diboson contributiondYW, Wz, ZZ), QCD multijet
events with an additional prompt photon and a small contribution from singleuagk events.
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Figure 1. Templates derived from data for prompt photons (blue) akd fahotons from hadrons (red),
normalised to unity [4].

The total prediction of background events from Monte Carlo simulationddsleded from the
sum of the radiation from muons andeptons and from bremsstrahlung yield22' §35 events
in the single electron channel and403$ events in the single muon channel. Radiation from
electrons is taken into account by the» y fake rate. This background is included in the fit using
the same template as for the signal. The total background frontrsmurces, which is dominated
by the inclusive boson production background.is-62.8 and 38+ 2.1 in the electron and muon
channels, respectively.

After the determination of the signal and background templates and the estirobfiother
background sources, the template fit is performed in both the electron amdcheannel simulta-
neously. For théty signal the fit yields 46- 12 events over a background of #84 events. The
fit result is shown in Fig. 2 separately for each channel.
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Figure 2: Result of the template fit using both channels, shown seglgrfr the single electron channel
(left) and for the single muon channel (right). The predidtg/ signal is shown on top of the different
background contributions [4].



Other Top Quark Properties Antonio Limosani

The cross section times branching ratio figr production with a photon with transverse mo-
mentum above 8 GeV is measured todypg - BR = 2.0+ 0.5 (statistical}-0.7 (systematic}-0.18
(luminosity) pb.

The dominant systematic uncertainty in tti¢ cross section measurement originates from
the estimation of the photon identification efficiency, which is based on shifteedflonte Carlo
shower shapes with respect to a candidate sample in data. The unceiftttietgfficiency includes
the intrinsic precision of the method, the choice of the photon candidate samptfect knowl-
edge of the material in front of the calorimeter, the admixture of fragmentatioiops and the
classification of unconverted and converted photon candidates filéidér to test the background
only hypothesis, the background expectation of-78} events is varied according to the statistical
uncertainties. The null hypothesis yieldpaalue of 0.71%, which corresponds to a significance
of 2.70.
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