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Sear
h for Single Top Produ
tion at the TevatronA. GreseleDepartment of Physi
s, via Sommarive 14,38050 Povo (Trento), ItalyWe report on a sear
h for Standard Model t-
hannel ans s-
hannel single top quark produ
tionin p�p 
ollisions at a 
enter of mass energy of 1.96 TeV. We use a data sample 
orresponding to0.7 fb�1 re
orded by the upgraded Collider Dete
tor at Fermilab (CDFII) and a data sample
orresponding to 370 pb�1 re
orded by D�. Both CDF and D� �nd no signi�
ant eviden
efor ele
troweak top quark produ
tion and set upper limits at the 95% 
on�den
e level on theprodu
tion 
ross se
tion.1 Single Top at the TevatronAt the Tevatron, the most important produ
tion mode for top quarks is the strong intera
tion,top quarks are produ
ed in pairs. Top quarks 
an also be produ
ed via ele
troweak intera
tions,they are then produ
ed singly1. The two relevant pro
esses are the t- and the s-
hannel ex
hangeof a virtual W boson. The 
ross se
tion predi
ted by the Standard Model are (1.98 � 0.25) pband (0.88 � 0.11) pb at ps = 1.96 TeV respe
tively 2. A measurement of these 
ross se
tions isof interest for the determination of jVtbj2, whi
h 
ould give a hint on the assumed unitarity ofthe CKM matrix.2 CDF Single Top analysisFor this analysis, we 
onsider only de
ays of the W boson into an ele
tron or muon and therespe
tive neutrino. The experimental signature is therefore an isolated ele
tron or muon withET respe
tively pT larger than 20 GeV, missing transverse energy larger than 20 GeV anda jet tagged as a b-jet. In the s-
hannel, another b quark 
an be measured as b-tagged jet,
oming from the de
ay of the virtual W boson. In the t-
hannel, the b quark 
oming from thesplitting of the gluon is rather forward. However, the t-
hannel has as an additional experimentalsignature a light quark jet.The most important ba
kgrounds are t�t quark produ
tions, dileptonevents, W+jets produ
tion and QCD multijet produ
tion faking an ele
tron or muon and missingtransverse energy. Table 1 summarizes the event yield obtained with a data sample 
orrespondingto an integrated luminosity of 0.7 fb�1 (only events in the W+2-jets-bin are 
onsidered). Forboth s+t 
ombined and s-/t- 
hannel separate sear
hes CDF uses the Neural Network te
nique.These neural networks are three layer per
eptrons, implemented using the NeuroBayes pa
kage3.There are therefore three distin
t neural networks used in this analysis, two for the individuals- and t- signal 
hannels and one for the 
ombined s+t 
hannel. In the training of the s-
hannelnetwork, the t-
hannel events are treated as ba
kground and vi
e versa.



Table 1: Predi
ted and observed events after all sele
tion requirements have been imposed.W + 2 jetsTotal Ba
kground 645.9 � 96.1Single Top 28.2 � 2.6Total Predi
tion 674.1 � 96.1Observation 6892.1 s + t Combined Sear
h ResultsBased on the NN output shape similarity of the di�erent MC distributions, we group the di�erentphysis
s pro
esses into four 
lasses: single top, t�t, 
harm like and bottom-like. The statisti
almethod is fully Bayesian and it is des
ribed in the 2005 single top PRD arti
le 4. The Bayesianlikelihood fun
tion 
onsists of Poisson terms for the individual bins of the �tted histrograms.Systemati
 un
ertainties are in
luded as fa
tors modifying the expe
tation value of events ina 
ertain bin. The shape un
ertainties are estimated from the shifted NN output histograms
orresponding to MC samples in whi
h the parti
ular sour
es for systemati
 un
ertainties arevaried. Pseudo-experiments from the SM ba
kground+SM signal samples are generated and theBayesian pro
edure are used to determine the most probable value of the signal 
ross se
tionalong with the 95% C.L. limits. Our expe
ted limit 
orrespond to the median of the indiviadual95% C.L. limits distribution, whi
h is 5.7 pb (Fig. 1, left plot).In 
ase of the CDF data, the likelihood �t yields a best value for the s+t 
ross se
tion of0.8+1:3�0:8(stat.)+0:2�0:3(syst.) pb. The resulting upper limit on the s+t 
ross se
tion is 3.4 pb at95% C.L. The posterior probability density is shown in the right plot of Fig. 1. The �t resultis illustrated in Fig. 2 (left hand-side). The data and the expe
tation in the signal region areshown on the right hand-side of Fig. 2.
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Figure 1: Expe
ted distribution of 95% C.L. upper limits on �s+t and observed posterior probability density.
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Figure 2: Data distribution of the s+t NN output in the entire output region and the signal region.



2.2 s- and t- Channel Separate Sear
hTwo distin
t neural netwrok are used, one trained for s-
hannel and the other one for thet-
hannel, whi
h provide the opportunity to sear
h for both 
hannel individually and simultane-ously. The training and input variables of the networks are similar to the one des
ribed in theprevious se
tion ex
ept that now ea
h net is optimized for one (s- or t-) 
hannel alone. Repeat-ing the same pro
edure, pseudoexperiments using the SM signal 
ontribtutions are permormedand �tted to the 2D templates. The expe
ted 95% C.L. limits on the t- and s- 
ross se
tion are4.2 pb and 3.7 pb, respe
tively.Using the CDF data, the likelihood �tting pro
edure returns �t�
h = 0:6+1:9�0:6(stat.)+0:1�0:1(syst.)pb and �s�
h = 0:3+2:2�0:3(stat.)+0:5�0:3(syst.) pb. This is graphi
ally shown in Fig. 3. At the 95%C.L. the resulting upper limits on the t- and s-
hannel 
ross se
tion are 3.1 pb and 3.2 pb,respe
tively.
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Figure 3: The separate sear
h results, showing the most probable value (
ir
le) the SM predi
tion (square) andthe region ex
luded at 95% C.L. by the data (yellow).3 D� Single Top analysisThe analysis partitioned by de
ay mode, in ele
tron and muon 
hannels, is based on Run II data
orresponding to an integrated luminosity of 366 � 24 pb�1 for the ele
tron 
hannel and 363 � 24pb�1 for the muon 
hannel. The events sele
ted must 
ontain only one isolated lepton with pT �15 GeV. In order to a

ount for the presen
e of a neutrino, we require missing transverse energylarger than 15 GeV. The sear
h is performed with one b-tagged jet and with at least 2 b-taggedjets. Table 2 summarizes the predi
ted and observed events after all sele
tion requirements havebeen imposed.Table 2: Predi
ted and observed events after all sele
tion requirements have been imposed.s-
hannel sear
h t-
hannel sear
hTotal Ba
kground 287.4 � 31.4 275.8 � 31.5Observed events 283 2713.1 Likelihood Dis
riminant MethodAfter the event sele
tion, a �nal dis
riminating likelihood variable is 
onstru
ted in order toeÆ
iently 
hara
terize the signal type events and reje
t the ba
kground type ones.We therefore
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Figure 4: Expe
ted distribution of 95% C.L. upper limits on �s+t and observed posterior probability density(right) for the 
ombined sear
h using the s+ t NN output.
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Figure 5: Data distribution of the s+t NN output in the entire output region (left hand-side) and the signal region(right hand-side).set upper limits at the 95% C.L., using a Bayesian approa
h. As the main ba
kground (t�tand W+jets) have di�erent topologies, we 
hoose to build two likelihood dis
riminants for ea
h
hannel: a signal/t�t �lter and a signal/W+jets �lter (see Fig. 4). Ele
tron and muon 
hannelsin ea
h tagging s
heme are treated as indipendent 
hannels, and are 
ombined in the limit
al
ulation, whi
h leads to a total of 16 likelihood dis
riminant variables. We assume a Poissondistribution for the observed 
ounts, and a 
at prior probability for the signal 
ross se
tion. Thepriors for the signal a

eptan
e and the ba
kgrounds are multivariate Gaussians 
entered on theirestimates and des
ribed by a 
ovarian
e error matrix taking into a

ount 
orrelations a
ross thedi�erent sour
es and bins. We 
ombined the four orthogonal analysis 
hannels (ele
tron andmuon, single and double tags) to enhan
e the sensitivity of the analysis. Plots for the Bayesianposterior density are provided in Fig. 5. The observed (expe
ted) 95% C.L. limits are 5.0 pb(3.3 pb) for the s-
hannel and 4.4 pb (4.3 pb) for the t-
hannel.Referen
es1. T.Stelzer, Z.Sullivan, S.S.Willenbro
k, Phys. Rev.D 56,5919 (1997); M.C. Smith and S.S.Willenbro
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