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1. Introduction

In 1995 the top quark was discovered at the Tevatron prattipraton collider at Fermilab by
the CDF and D@ collaborations [1]. The Large Hadron Collid¢#C) started operations in March
2010 with proton-proton collisions at a center of mass gnefgr TeV. At the hadron colliders,
Tevatron and LHC, the top quarks are dominantly pair prodwie strong interactions. Beside top
pair production top quarks can be singly produced in ela@ek interaction. In spring 2009, single
top quark production has been discovered by both Tevatrparearents [2]. Measuring the single
top quark production cross section allows for a direct deiteation of the CKM matrix elemen,.

The theory of electroweak interaction predicts three diff¢é mechanisms for the production
of single top quarkst-channel,s-channel, and associatéd/ production. At the LHC, the single
top quark cross section via thechannel is predicted to be about a factor five larger thanviaa
the second largest chann®\{). In addition, the t-channel has a clear signature and hirise
considered to be the ideal channel to establish single tagkquroduction inpp-collisions at the
LHC. Throughout this article, thechannel mode is considered signal while the other two singl
top quark production modes are considered background.

The top quark decays with nearly 100% branching fraction &ti-quark and &V-boson. The
Monte-Carlo study described in this article uses the mudeitays of th&V-boson W — uv),
which have a branching ratio of about 11%. A scenario of aegirated luminosity of 200 ptd
recorded by the CMS detector [3] at a center of mass energ9 ®eY is assumed. Although the
predicted NLO cross section forchannel production of 124 pb [4] gfs= 10 TeV is reduced by
about a factor of two a{/s= 7 TeV, most of the analysis strategies presented in thisrgapealso
valid at 7 TeV. We note the differences between the two when #e expected.

2. Modeling of events and selection of single top candidates

The single top quark productioni+jets andW /Z+jets production are modeled using the
MADGRAPH event generator [5] for the generation of the nxagiement. The PYTHIA [6]
generator is used for hadronization and showering. In drdgive a fair approximation of the full
next-to-leading order (NLO) properties s€hannel production, the-2 3 diagram, corresponding
to the dominant NLO contribution to tHechannel, is combined with the leading order (LO}2
process based on the transverse momentum distributiore cipidctatob-jet [7]. To avoid double
counting between matrix element and parton shower gernkjettein case oft+jets andw /Z+jets
production, a procedure based on the so called “MLM presorip [8] is used. The remaining
background samples, due to di-boson productidh\;, WZ, ZZ) and multi-jet QCD production
enriched in events with muons coming from the decay ahdc quarks or long-lived hadrons,
were simulated using PYTHIA Monte-Carlo. All generatedregeundergo a full simulation of
the CMS detector response.

All events are required to pass the high-level single muggér, which includes a 15GeV
transverse momentum threshold. Further, exactly one strwarted and well isolated muon with
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a transverse momentupt , > 20GeV/c and pseudorapidity),| < 2.1 is required. A cut on the
muon isolation is applied to reduce QCD multi-jet backgbibiy a factor of about 50. Jets are de-
fined according to the iterative cone algorithm with a coae sif 0.5 [9]. We consider jets within
In| < 5 and calibrated transverse momentum greater than 30 G&itice most of thé-channel
events have two such jets, the event is accepted only if iekastly two reconstructed jets. For
the analysis at 7 TeV, we will use the akii-algorithm instead of the iterative cone algorithm. The
antikr algorithm combines the nice features of infrared safetyameb-like shapes.

An important ingredient of the single top quark event sébects the identification ob-jets
(b-tagging). We use the track counting (TC) algorithm for idfging b-jets. The TC algorithm
calculates the signed 3D impact parameter significalego(p) of all the tracks associated with
a jet, orders them by decreasing values of this observabtedefines the value P/ o;p for the
second (high-efficiency TC) or third (high-purity TC) traak the b-tagging discriminator for that
jet. The event is accepted only if exactly one of the seleftsipasses a tight threshold on the
high-purity TC. This requirement reduc®$/Z boson events with associated light flavor jets by 3
orders of magnitude. Since we expect most of the signal swerthtave only oné-quark inside
the tracker acceptancg)( < 2.5), we reject the event if the remaining jet passes a loossltiotd
on the high-efficiency TC. In Figure 1P/gip is presented fox/s = 900GeV data together with
Monte Carlo simulation. Due to the reasonable descriptiob-tagging variables in the data by
Monte Carlo simulation, the use of a more sophisticdigdgger is envisaged for the analysis of
the data collected at 7 TeV.

To further suppress contributions from processes wherenthen does not originate from a
leptonically decayingV-boson, we select events with a transvét&®oson massl > 50 GeV/¢é.
Applying this selection, a total of 102 single top quéthannel events and 229 background events
are expected in a sample with an integrated luminosity of®08 collected at 10 TeV. This yields
an expected signal fraction of about 30%. The dominant brackgl contribution arises from top-
quark pair production~ 40% of all events). At 7 TeV, we expect that the signal fractabays
almost the same, but the top pair production fraction is etqueto be slightly smaller due to the
large mass of the top quark.

The expected number of QCD multi-jet events is 12 events]Issampared to other back-
grounds. As the model uncertainty on QCD multi-jet eventtaige, a data-driven method to
estimate this background has been developed. The cMoB relaxed and a fit to thisly distri-
bution is performed (see Figure 1, right panel). The fit fiorcts the sum of parameterizations for
signal-like processes\(/Z+jets, tt, single top)S(Mt) and for the QCD multi-jet procesB(Mr)
where only the normalizations for both processeshj are free parameters. The parameterization
for the signal-like processes is obtained from a selegtgdts sample, while the parameterization
for the QCD background is obtained from a sample withoutydpglanyb-tagging requirement
and with an inverted isolation cut. By comparing the QCD irelt contribution determined in
fits with parameterizations obtained from different coht@mples\\V+jets enriched sample, MC
prediction) to the actual value, an uncertainty of this rodtbf about 45% is estimated.
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Figure 1. Left: 3D impact parameter significance fofs = 900GeV data. Right: Estimation of QCD
multi-jet background by performing a fit to the transversessnaf theWV-bosonMr.

3. Prospectsfor observing singletop quark production using the polarization angle

To reconstruct the four-momentum of the top quark, the mtlemissing transverse energy,
and the jet tagged dsjet are used. The W-boson is constructed from the foureveaftthe muon
and the missing transverse energy vector, which is assunegitesent the transverse momentum
vector of the neutrino. Using the knowli-boson mass as constraint, a quadratic equatiqa jn
is obtained. In case of a complex solutign,, and py,, are varied such that the imaginary part
vanishes and only the real part remains. In case of two réatiGos, the solution with the smallest
|pzv| is chosen. This choice is correct in 70% of all cases. To rstcoct the top quark, thie-jet
is assigned to theé/-boson, which is the correct assignment 92% of the times. rébenstructed
four-momentum of the top quark is then used to construct@Ratic variable which discriminates
well between signal and background.

In particular, we exploit the fact that the top quarks in #l@eeak single top quark production
are almost 100% left-handed polarized [10]. The infornmatid the top quark spin is passed to
its decay particles and can be measured by the variabl@*jcwmereel*j is the angle between the
charged lepton and the light quark jet in the top quark reshé&. Figure 2 shows the distribution
of the reconstructed polarization angle, ép}sfor events passing the event selection.

To extract the signal content, we perform a binned likeldhéibto cos@l*j. To be less sensitive
to the kinematic effects due to the cuts on mygrandMy at cosﬂl*j ~ 1, the fit range is restricted
to [—1,0.75. The signal template is taken from simulation, while therallebackground is as-
sumed to be flat. This assumption has been verified with baakgrenriched control samples.
Due to the flatness of all backgrounds the method is inseaditi the detailed composition of the
background. The statistical sensitivity of the signal @stion has been determined by simulating
500,000 pseudo-experiments. This procedure yields a 3&8étgtal uncertainty on the cross sec-
tion for a data sample equivalent to 200Pkat 10 TeV center of mass energy. Assuming that the
true value is the one predicted by the standard model, thecteg sensitivity of the method is
2.80. The inclusion of systematic uncertainties coming from BRRd from detector knowledge
contribute an additional 14%, and the expected sensitisitywered to Z7g. In Figure 2 the ex-
pected sensitivity (stat. uncertainties only) as a fumctibthe integrated luminosity is shown for
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Figure 2: Left: expectation for the reconstructed polarization angjsﬂ*j assuming an integrated luminos-
ity of 200pb ! at a center of mass energy of 10 TeV. Right: prospects follesilogp quark production at
10 TeV.

v/S= 10 TeV. Using a naive rescaling, we expect that a factor Zfaimfegrated luminosity is
needed at 7 TeV to obtain the expected sensitivity as demadedtin the 10 TeV study.

4. Conclusion and outlook

In this article, an analysis strategy to measure the t-adlagingle top quark production cross
section is presented [11]. The analysis strategy exploépolarization (coq*j) of singly produced
top quarks. It turns out that cﬂﬁ is robust against systematic uncertainties. Using a naseat-
ing, evidence of single top quark productionpp collisions assuming an integrated luminosity
of 1fb~1 at 7 TeV seems to be well within reach. With our ongoing imeraents (inclusion of
e-channel, use of a more sophisticatethgger and the combination of several variables) a redis-
covery of single top quark production at Ifbat 7 TeV seems likely.
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