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1. Introduction

Single top quark production at the LHC proton-proton (pp) collidgr [Hceeds via three
main processest channel,s channel, and associated production with a W boson. All of them
are characterized by the presence of at least one Wtb electrowealctiaprvertex, and therefore
measurements of these processes allow to determin¥®thelement of the Cabibbo-Kobayashi-
Maskawa (CKM) matrix. Thé channel has the highest cross section: at the LHC, the Standard
Model (SM) prediction is about 66 pb fay's =7 TeV and about 87 pb foy/s =8 TeV [@]. In
addition, at the LHC the production mechanism depends on the quarkiflemotent of the proton,
giving rise to an asymmetry between top and anti-top production, and thetheomeasurement of
the top/anti-top cross section ratio (]f) provides a constraint to the quark PDFs of the proton. The
R:-ch ratio is also sensitive to new physics arising from anomalous Wtb couplingsntributions
from Flavour Changing Neutral Current (FCNC) processes.

In this report we review the results of the measurementscbfinnel single top quark produc-
tion performed at the CMS experimeff [3] at the LHC, after having outlinednhin features of
the analysis strategy. The measurements are based on data sets collgotgthdlRun 1 of the
LHC, at center-of-mass energies of 7 and 8 TeV.

2. Selection and reconstruction of t-channel single top events

Single top events frorrchannel production are reconstructed in leptonic final states, where
the lepton can be a muon or an electron. Signal events are characteriaddgh pt lepton, a jet
from the hadronization of the b-quark produced in the top quark ddegt), and missing energy
in the detector due to unreconstructed neutrino. Two additional jets, recagainst the top quark,
are also present in the final state. One jet comes from the hadronizateohgbit flavour quark,
which tends to be emitted in the forward region. The other one is a b-jet whix{pected to have
low pt and to be broadly distributed in pseudorapidity, and therefore it is likelypbilte detector
acceptance. The main sources of background eventg &vet jets, and multijet events from QCD
processes.

The selection criteria of signal events are similar for 7 and 8 TeV anal@¢@.[ Events
must have exactly one identified and isolated muon or electron and at leasbristructed jets,
all above a certairpy threshold. In order to identify jets from the hadronization of b-quarks, a
b-tagging algorithm is employed, which is based on the 3D impact parametacks tassociated
to the jet. Selected events are then classified into independent eventriestdgofinal analysis.

An event belongs to a-jetsm-tags qjmt) category if there ara reconstructed jets which pass the
pr threshold, andn jets of them are identified as b-jets. The 2jl1t category is enriched in signal
t-channel events and it is used for signal extraction.

In order to enhance the signal component in the sample, for each eegraark candidate is
reconstructed from the kinematics of the lepton, the missing transverse mem@mtie hypoth-
esis that it is entirely due to the undetected neutrino), and the b-jet of thé évee longitudinal
component of the neutrino momentum is estimated by imposing a W mass constragmkioeh
matics of the system formed by the lepton and the missing momentum. Only events imtiadic
top candidate invariant mass is in the interMe80 Ge\, 220 GeV (signal region) are selected for
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final signal extraction. Additional rejection of the QCD background isiabthby a requirement
on the W boson transverse mass in the muon channel and a cut on the mesavgtse energy in
the electron channel.

Several strategies are exploited in order to extract the signal yield. gpreach, employed
in both the 7 and 8 TeV analyses, is based on a maximum-likelihood fit to the distnilmi the
absolute value of the pseudorapidity of the non b-jet of the evgnt); Signal events tend to
populate the highest part of theg;| spectrum. In the 7 TeV analysis two alternative approaches,
one based on a neural network (NN) discriminant and the other ond basa boosted decision
trees (BDT) discriminant, are also exploited in order to increase the sepacd signal from
background events. The signal yield is then extracted by a maximum-likelitfitomdthe NN or
BDT data distributions.

Data driven methods are implemented to characterize the distributions of the awin b
grounds. Events belonging to the 3j2t category are enrichébléments and are employed as a
data control sample for this source of background. Events in the sidelmdrthe top candidate
invariant mass signal region are employed to characterizej#is events, after the subtraction of
the other background components. QCD background events are siitlieddata control sample
obtained by inverting the lepton isolation requirement.

3. Inclusive cross section measurements

The inclusive cross section at 7 TeM [4] has been measured using satafie equivalent
to an integrated luminosity of 1.17 fh(muon channel) and 1.56 fh(electron channel). The
combination of the results from the three strategies for signal extractiamilobesd above gives
Ot-cn(7 TeV) = 67.2+ 6.1(stat+ sysh pb. The inclusive cross section at 8 TdY [5] has been mea-
sured using a data sample equivalent to an integrated luminosity of 19:7&hd the obtained
result isci-cn(8 TeV) = 83.6 4+ 2.3(stabh + 7.4(sysh pb. The main contributions to the systematic
error on the inclusive measurements come from experimental uncertaintibs f&t energy scale
and resolution, and from theoretical uncertainties on the modeling ¢fchannel signal. Figuié 1
illustrates the good agreement between the measured cross sectionsld@8 Teahand the theo-
retical expectations based on the SM. The ratio of cross sections at8Te\dis measured to be
Rg/7 = 1.24+0.08(stay +0.12(sysb, again in agreement with the SM.

At 8 TeV the cross sections for top and anti-top production have beemaasured individu-
ally. The results are; = 53.8+ 1.5(stal) + 4.4(sys} pb, ando; = 27.6 + 1.3(stap) + 3.7(sys} pb,
giving a top/anti-top cross section ratig.fg = 1.954- 0.10(stad + 0.19(sysb. Figure[p compares
the measured Ry with theory predictions based on alternative sets of PDFs. The measurismen
in agreement with predictions and it will be possible to discriminate among altezri2liF sets in
future measurements with higher integrated luminosity datasets.

The CKM matrix elemen(Vyy,| is determined from the square root of the ratio of the measured
cross section over the SM expectation, provided What>> Vg, Vis. The combination of the
measurements at 7 and 8 TeV givyés,Vip| = 0.998+ 0.038exp) + 0.016(theg, where the first
error is from experimental contributions and the second one is from tbeythEhe f, form factor
parameterizes the contribution due to anomalous couplings at the Wtb vR(teSN1) = 1). Under
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t-channel single-top-quark production
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Figure 1: Single top production cross sections in thehannel measured at CMS as a function of center-
of-mass energy of the data set. The measurements are campithetheoretical predictions based on
NLO and NLO+NNLL calculations. Measurements performechatTevatron proton-antiproton collider at
\/s=1.96 TeV are also reported.
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Figure 2: Measured ratio of top/anti-top cross sections inttheannel compared with predictions obtained
using alternative sets of PDFs.

the hypothesis of no anomalous coupling, the lower lifvis| > 0.92 at 95% C.L. is obtained.
Figure[B summarizes the status@f,| measurements at CMS based on the Run 1 data set.

4. Differential cross section measurements

Thanks to the large integrated luminosity of the 8 TeV data sample, differentéurements
of t-channel cross section have been performed, as function of the aopmuand rapidity [p]. In
order to enhance the signal component in the data set, the analysis engtoyesn a NN discrim-
inator built from a set of input variables, the most important onegrgrgand the invariant mass
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CMS Preliminary |Vm| Summary August 2014
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Figure 3: Summary of|Vyp| measurements at CMS based on the Run 1 data set. Individasuneenents
from single top events in the W boson associated produchianmel and in thechannel, and frortt events
are reported. The combined result from thehannel measurements is also reported.

of the top quark candidate in the event. A maximume-likelihood fit to the NN data distibis
employed to determine the signal and the background yields. After subtractibe background,
the pr and rapidity distributions are corrected for efficiency and resolutietesf and the unfolded
spectra are obtained (Fig. 4). The results are in agreement with thetjmesliof different Monte
Carlo generators and flavour-scheme definitions.
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Figure 4: Unfolded py (left plot) and rapidity (right plot) spectra of top quarkogiuced in single top-
channel events. The spectra measured in data are comparedictions obtained from several Monte Carlo
event generators: POWHEG and aMC@NLO, which are NLO genwsrasing different flavour schemes,
and CompHEP. They are interfaced with Pythia generatorddrdnization and parton showering.
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5. Summary and early inclusive measurement at 13 TeV

Measurements of the single top quark production cross section ih¢hannel have been
performed at CMS by using pp collisions data at 7 and 8 TeV center-o$-emesgy. Measurements
of inclusive production cross section have been reported, whicldaalso a determination of the
CKM matrix elementVip|. Preliminary measurements of differential cross section measurements
at 8 TeV have been also reported. All the results are in agreement witivthe S

Starting from June 2015 LHC has resumed operations, providing pp cofliaty/s= 13 TeV.
The expected increase bthannel cross section of almost a factor of three gives the possibility
of an early measurement at this unprecedented energy. Indeed inmBept2015, when these
proceedings were in preparation, a preliminary result based on a tegaselent to an integrated
luminosity of 42 pb! has been released by the CMS Collaboratign [7]. THekannel signal
has been measured with an observed significance of 3.5 standard dagvéattbthe measured
cross section ig-cn(13 TeV) = 274+ 98(stap + 52(sysh + 33(lumi) pb. The measurement, in
agreement with the SM expectation, is still dominated by the statistical errotharatcuracy of
the result is expected to improve with more data collected in Run 2.

References

[1] L. Evans and P. Bryant (editord)HC Machine JINST3 (2008) S08001.

[2] N. Kidonakis,NNLL threshold resummation for top-pair and single-topdarotion Phys.Part.Nucl.
45 (2014) 714-722Hep- ph/ 1210. 7813].

[3] CMS Collaboration,;The CMS experiment at the CERN LHIINST 3 (2008) S08004.

[4] CMS CollaborationMeasurement of the t-channel single top quark producti@s€section in pp
collisions at\/s=7 TeV, JHEP 12 (2012) 035, hep- ex/ 1209. 4533].

[5] CMS CollaborationMeasurement of the t-channel single-top-quark produati@ss section and of
the \{, CKM matrix element in pp collisions atfs =8 Te\, JHEP 06 (2014) 090,
[hep- ex/ 1403. 7366].

[6] CMS CollaborationDifferential measurement of the cross section of singleggrk production in
the t-channel at 8 Te\CMS-PAS-TOP-13-002013).

[7] CMS CollaborationMeasurement of the t-channel single top-quark cross seetid 3 TeV
CMS-PAS-TOP-15-002015)



