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CDF and DO collaborations itt events, it took 14 more years until the observation of sibge
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simultaneous measurementsfindt-channel production cross sections as well as the extractio
of the CMK matrix elemenfVip|.
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1. Introduction

Single top quark production via the electroweak interaction occurs viethannelt-channel
andWt-channel. The latter has a negligible cross section at the Tevatron. Whitlisttevery of
top quarks by the CDF and DO collaborations happened in 1995 [1, 2]groduction, it took
additional 14 years to observe single top quark production. Both the @DMPA collaborations
reported single top quark observation in Spring 2009 [3, 4]. For thdestog quark observation,
the s+ t-channel cross sectiorod,;) was measured by CDF and DO using up t@ & ! and
2.3 fb~! of data, respectively. While the cross section ofghet-channel is only about a factor of
two smaller tharit production, its signature is very similar W+jets events, making single top a
challenging process to measure.

In the following, we present updated measurements of thechannel cross section by CDF
and DO, as well as the individual meaurement-channel cross section, the simultaneous extrac-
tion of s- andt-channel cross sections as well as the extraction of the Cabibbo-Ksihiaylaskawa
(CKM) matrix elementV;p| from single top.

2. Selection and (s+t)-channel M easurement

At the Tevatronpp collider with a center of mass energy oP6 TeV, the cross section of
s-channel and-channel single top quark production i94 pb and 26 pb in the standard model
(SM), respectively [5]. Figure 1 shows the leading order Feynmarratiag for thes-channel (a)
andt-channel (b) single top quark production. The signature of the signadrissimilar to that
of W boson production in association with jets, presenting a challenge for thie $somquark
cross section measurements. Other background contributions to singlgaidoeasurements re-
sult fromtt production and instrumental background from jets faking isolated lepamassmaller
contributions from dibosonNW, W Z andZZ) andZ+jets production. The selection of single top
quark events focuses on events whereithboson from the top quark decays into a charged elec-
tron or muon and the corresponding neutrino. Therefore, the requitsraee a charged, isolated
lepton (electron or muon) with high transverse momentp#),(two, three or four jets, of which
the leading jet has to have higl, and large missing transverse energy, a characteristic of events
with undetected neutrinos. Additionally, cuts on angular distributions atdésapp order to reduce
the instrumental background. Such a cut is for example applied on théaadgterence between
the transverse lepton direction and the missing transverse energy ah BOhdnnel production,
one of the jets can have highand low pr, which is challenging to model.

After this pre-selection, thé/+jets and instrumental backgrounds are estimated using a data-
driven approach. To further increase the purity of the sample, the apipticofb-jet identification
is necessary. A neural-net basethgger is used at DO [6] which is based on lifetime and displaced
track information. At CDF, a secondary vertexagger is used. We require one or tigets in the
event. In total, up to six channels are considered: The DO collaboratisidars events with two,
three and four jets, split into events with one or two identifigets, while in the recent analysis
by the CDF collaboration events with exactly two or three jets, split into eventsomighor two
identifiedb-jets are considered.
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Figure 1: Tree-level Feynman diagrams fechannel (a) ant-channel (b) single top quark production.

In order to further enrich the data sample in single top quark events, midtvanalysis
(MVA) techniques are necessary, that separate signal from baakdr In the recent single top
measurement by CDF, using 7.5 fbof Run Il data, a neural network is trained on single top
quark signal. At DO, using 5.4 fi3 of data, three different multivariate analysis techniques are
applied separately on the data, and these are used as input to a saperHsit to increase the
sensitivity of the analysis. In particular, a boosted decision tree (BDBayasian neural network
(BNN) as well as a NEAT (neuro evolution of augmented topologies) discantiare applied
on the data. For the reduction of the correlation between the methods, thesBi&ihed using
the four-vectors of all final state particles, the two-vector of the missingsterse energy and
a few additional variables that include lepton charge kitdgging information, while the BDT
approach uses a variety of complex variables as input to the BDT. Thee-digeriminant is build
using a BNN. Depending on the final channel of interest, the training diii¥ss is performed by
training either ors+t channel as signal, by training tithannel as signal and treatisghannel as
background in the training procedure, or by trainingsechannel as signal and treatitighannel
as background during the training. The CDF collaboration performs timengadifferently in the
different data samples: for the various jet dnthg bins the largest expected contributiorsodnd
t-channel is estimated and the training performed on this particular chantied gonsidered jet
andb-tag bins.

The final extraction of the cross section from the discriminant is perforrei) @ Bayesian
method, where systematic uncertainties are incorporated as Gaussiarapdare integrated over.
The measured+t-channel cross section @&, = 3.43'373 pb at DO, where the training is per-
formed on thes+t-channel as signal, angs;; = 3.04752 at CDF [7, 8]. Both measurements
are using a top quark mass of 13Z5eV in the Monte Carlo simulation of the signal. Figure 2
shows the comparison of prediction and data of the discriminant outputsef@Qt{left and mid-
dle) and CDF (right) measurements. The main systematic uncertainties ansth&ancertainty
on the integrated luminosity, from uncertainties on the jet energy scale solditien, and on the
identification ofb-jets. Both measurements are in agreement with each other and with the SM
prediction.
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Figure 2: Comparison for Data and prediction of the discriminant atggor the combined channel at DO
(left, middle) [7] and CDF (right) [8]. The discriminantsrf®0 are trained on the+t-channel single top
signal, and are ranked according to the signal over backgraatio in the bins. The left plot shows the full
distribution, and the middle plot the zoomed region of highked discriminant output.

3. t-channd Observation and 2D M easurements

Signatures of models for physics beyond the SM could look similardi@annel ott-channel
processes. Depending on the choice of model, e#her t-channel optimized selections would
be more sensitive to new physics. Therefore, the simultaneous meastidrsarersust-channel
production cross sections is a good way to probe for new physics. B@k, and DO collabo-
rations, performed the 2D cross section measurement, extractamgit-channel simultaneously,
without assuming the SM ratio between both channels as is done ferthiehannel extraction.
While at DO, the training was performed witkchannel as signal, CDF performs the training on
s- andt-channel depending on the number of jets artdgs in the event. Using%fb~! of data,
D0 measurews = 0.98+ 0.63 pb ando; = 2.90+ 0.59 pb [7]. The CDF collaboration extracts
0s = 1.817023 pb anda; = 1.49"347 pb using 7.5 fb! of data [8] . Both results are compatible
with the SM prediction. Due to the different training, CDF is more sensitigediaannel single top
production than DO. In Fig. 3 the SM cross sections, the measured eag&ms and the contours
of equal probability are shown for tleeversug-channel single top quark production cross section
measurement from DO (left) and CDF (right).

By integrating over the-channel, the DO collaboration also extractsttohannel cross section
from the 2D measurement, resultingdn= 2.904+0.59 [9]. This result deviates with more than 5.5
standard deviations from zero, and is the first observation dfthennel single top cross section.
The result is in good agreement with the SM prediction.

4. Measurement of |Vip)|

One interesting application of the single top quark analyses is the direattotraf the CKM
matrix elemeniVip|, without any assumptions about the number of fermion generations. Tiheesq
of |Vip| is proportional to the single top cross sectmy;. Using the results for the+ t-channel
single top cross section extracted from 5.4%lof DO and 7.5 fb! of CDF data, we extract lower
limits of |Vip| > 0.79 at DO andVy,| > 0.78 at CDF at the 95% confidence level using a Bayesian
method. In Figure 4 the posterior curves fgi,|? are shown for the measurement from the DO
(left) and CDF (right) collaborations.



Single Top Quark Production at the Tevatron Yvonne Peters

W+Jets, NN Discriminant ~ CDF |l Preliminary 7.5 fb 1

D@ 5.4 fh * —
g 0 8 5: ® CDF Data
= 68% C.L. =t B 68.3% CL
c Il 90% C.L. c ]
S B 95% C.L. S 4 95.5% CL
Q S 99.7% CL
o n _f Il SM(NNNLO)
7} o 3
o 8 |
o o [
= S r
£ T
] @® Measurement = i
<= [1 [ F
L" [1] PRD 74: 114012, 2006 . SM < -_
= [2] EPJ C49: 791, 2007 O Four generations 'S 1.
. 3] 1 -
GIDE M O Toptavor 2t
| DFCNC‘M O
00 Il Il Il 2 Il Il Il 4 Il Il O 1 2 3 4 5
s-channel cross section [pb] s-channel Cross Section [pb]

Figure 3: Posterior probability density fas versust-channel single top quark production cross sections.
Contours of equal probabilty are shown, plus the measurégaaticted cross sections, for DO (left) [9] and
CDF (right) [8]. Note the difference in choice of contoursgveeen the two plots.

While the described extraction &f;| is not using any assumption about the number of quark
generations, it does assutivg|?, |Viq|2 << |Vip|?. An alternative way to extrad¥y| is by using the
result from the indirect determination of the top quark width [10, IN&},|? is proportinal to the top
width, the latter of which is determined by combining the measurement of the rati@iothing
fractionsR = B(t — Wh)/B(t — W @), with g any down-type quark, itt and thet-channel single
top cross section. Thi¥}p|? extraction does not assumés|?, Mq|? << [Vib|2, and also does not
assume the SM ratio between theindt-channel cross sections. Using the result from the indirect
top width determination, we extrait,| > 0.81.

5. Conclusion and Outlook

The measurement of single top quark production at the Tevatron is vahigrging due to
the small production cross section and the similarity of the single top signal endam back-
ground fromW+jets production. Using a variety of multivariate analysis techniques, botha®id
DO collaborations measured single top production cross sectionsf@annel andg+ t-channels.
The simultaneous extraction of tkeandt-channel cross section yields a sensitive probe for new
physics. Furthermore, the CKM matrix elemévi| has been extracted. The full Tevatron dataset
has still to be explored, with the main goal to get evidence or observatidhdgrchannel single
top quark production.
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Figure 4: The posterior density functions fdv,|?, for the measurement by the DO (left) [7] and CDF
(right) [8] collaborations.
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