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Abstract. We presenthe preliminaryresultsof thett pair productioncross-sectiomeasurements
andthesingletop quarkexclusionlimits carriedout by the D@ andthe CDF collaborationsn Run
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1. INTRODUCTION

The top quarkwas discoveredjointly by the D@ andthe CDF collaborationan 1995
[1]. At the Tevatronpp collider (centerof massenepy, /s = 1.96 TeV), top quarksare
dominantlyproducedn pairsvia stronginteraction:qq annihilation(~ 85 %) andgluon
fusion(~ 15%). Existingtheoreticabredictionsfor thett pair productioncross-section
atNLO in QCD rangesrom 6.7 - 7.5pb [2] (for m = 175GeV), representing 30 %
increasen cross-sectiover Tevatron's Runl centerof massenepgy of 1.8 TeV.

Within the StandardViodel (SM), the top quark decaysalmostexclusively to a W-
bosonanda b-quark.Decayof the two top quarks,t — Wb, are characterizedy the
threedistinctfinal statesignatureslependingon the decaymodesof the W-boson:the
dileptonfinal states(ee eu, uu) whereboth the Ws decayleptonicallyis the cleanest
channebut accountonly for ~ 5 % of thett pairs;theall-hadronicchannewhereboth
theWsdecayhadronicallyconstitutes- 44 % of thesignalbut suffersfrom ahugeQCD
multijet backgroundandthe lepton+ jets (e+ jets or i + jets) channelwhereoneW
decaydeptonicallyandthe otheronedecayshadronicallyaccountdor ~ 30 % of thett
eventsandcanbe consideredhe bestcompromisebetweerstatisticsandpurity.

The SM alsopredictsthe productionof singletop quarkvia electraveakinteraction
with a productioncross-sectiorof ~ 0.88 pb in the s-channebnd~ 1.98 pbin thet-
channelat \/s = 1.96 TeV [3] . This productionmechanismhasnot yet beenobsenred
andis the subjectof currentactive searchestthe Tevatron.

2. TOP QUARK PAIR PRODUCTION

2.1. Di-lepton channel

A dileptonic final stateis characterizedy the presenceof two isolated, high p
leptons,two high p; b-jets and large FEr from the two neutrinos.The background



contritution comesmainly from instrumentaleffects (estimatedfrom data), sources
of which include QCD multijet, W+jets,andZ — |71~ eventswith mismeasuredzt
or misidentifiedleptons.The additional contribution comesfrom irreducible physics
background(estimatedfrom Monte Carlo simulations),mostly from Z — "7~ and
WW /WZ — I*]~ processes.

CDF hasperformedtwo complementangnalysesising200pb—1 of thedata.ln one
of the analysis,two leptonsare explicitly identifiedase or u. In the other analysis,
CDF requiresthe 2nd leadingleptonto be anisolated,high p; track and doesnot re-
quireits explicit identificationase or u. This increaseshe signalacceptancandalso
extendsthe sensitvity to W — 1v (with singleprongdecayof 1), however, at the cost
of higherbackgroundcontamination.The D@ experimenthasdone separateanalyses
in the ee ey, and uu final stateswith about140 pb~! of the dataand then com-
binedthe final results.The measurecaross-sectionfor the CDF and D@ analysesare
o= 7.075 3 (stat) T 5(sys + lumi) pband oy = 14.373-3(stat) 25 (syg) 4 0.9(lumi) pb
respectiely. It canbe obseredthatthe domlnantuncertalntlesn this channelare sta-
tistical in nature.CDF alsopursuesan alternatve approachwhereonly two leptonsare
selectedandalik elihoodfit hasbeenperformedn theEr - Njgs planeto simultaneously
determinethe contributionsfrom tt, WW, andZ — 11. The measuredt cross-section
for anintegrateduminosity of 200 pb‘1 is o = 8.6755(dtat) + 1.1(syg) pb

2.2. Lepton + Jets channe

The signatureof the lepton+jetschannelconsistsof oneisolated,high p; lepton, at
least3 or 4 high p; jetsandEy from theneutrino.Thedominantbackgrounccomesrom
the W+jets processesvith an additionalcomponenfrom the QCD multijet events.To
discriminatesignalfrom the backgroundswhich aresignificantly higherthandilepton
analysestwo approacheareused:topologicalselectiomandb-taggingselection.

Topolagical analysis:Thegenerabpproachs to choosevarioustopologicalandkine-
matical variables,which can provide maximumseparatiorbetweensignal and back-
ground events. CDF combinesthesevariablesinto a 7-input Neural Network (NN)
discriminantrequiring at least3 jets and then performstemplatefit to the NN out-
put (figure 1) and measureshe tt cross-sectiorwith 347 pb~! of the datato be
O = 6.0+ 0.8(stat) + 1.0(syd) pb for m = 178 GeV. In a similar mannerD@ has
combinedthesevariablesinto an eventlik elihooddiscriminantwith the requiremenbf
at least4 jets in the eventsand a templatefit to the discriminantis performedto ex-
tractthe cross-sectiofffigure 1). MeasuredD@ cross-sectiofior 230pb~—1 of the datais
o= 6.7 13(stat) T18(sys) +0.4(lumi) pb. In this channethesystematizinceratinties
arecom parableto the statisticalones.

b-tagging analysis:Thett decayscontaintwo high p; b-jets.B-hadronsarelonglived
andtravel a few mm distanceaway from the primary vertex beforedecay Using the
silicon microvertex sub-detectorin boththe D@ andthe CDF experimentssecondary
vertex canbeexplicitly identified(referredto asSVXin CDFandSVT in D@). Applying
b-taggingis a very powerful tool in suppressinghe backgroundsD@ haspursuedthe
b-tagginganalysisseparatelyor exactly 1 b-taggedet eventsandatleast2 b-taggedet



CDF Preliminary (347 pb’l)

[ = - b
1600 U\],lil-t“m o ] * D@ data
jets = 504 _
& o 2 7 M
140, — combined g 40 ] [ ] WH+jets
<120 : data w E multijet
S [ N >3 1
o100 jets 30
5 L signal: 148.2 £ 20.6 events ]
c 80 multijet: 43.2+ 3.7 events b
0>) L - Wijets: 744.4 + 32.8 events 20
© 601 ]
sob 10
20} O ] T AT T TAT I
S B 0 02 04 06 08 1
0 0102 0304 0506 07 08 09 1 D

ANN output

FIGURE 1. Resultof thefit to the NN-outputshapefor the CDF (left plot) andthefit to thelikelihood
discriminantfor the DG (right plot) lepton+jetanalysis.

eventsfor lepton#Zr+ > 4jetsselectionandthe combinedmeasureaross-sectiorfor
230pb ! of thedatais gjr= 8.671%(stat) 1 -5(sys) 4 0.6(lumi) pb. CDF hasappliedthe
b-taggingrequirementn lepton+#7+>3jetseventsandperformedthe analysisfor > 1
b-tagsand> 2 b-tags.The measuredross-sectioffor thetwo analysesor 318pb~1 of
thedataaregiy= 7.9+ 0.9(stat) + 0.9(syd)pband oy = 8.7 + 1.7(stat) + 1.5(syd) pb
respectrely. CDF hasalsoperformedseparat@nalysisusingthe semileptoniaecayof
the B-hadronsand henceidentifying the b-jet by the presencef "soft" muoninsidea
jet. CDF hasextractedthett cross-sectiomsingsoft muontaggingfor 194pb~1 of the
datato be gir = 5.2+ 3(stat) *1-3(syg) pb.

2.3. All hadronic channd

Owingto anoverwhelmingQCD multijet backgroundthecross-sectiomeasurement
in all hadronicdecaymodeis relatively difficult. Bothtopologicalcutsandb-taggingare
usedto suppresshe backgroundThe CDF experimentselectseventswith at leastsix
jets andrequiresat leastone jet to be b-tagged.lt then employs several cuts on the
kinematicalvariablesto furtherreducethe multijet backgroundThe measuredt cross-
sectionfor an integratedluminosity of 165 pb~* is iy = 7.8+ 2.5(stat) "5 5(sys) pb.
In the D@ analysis,eventswith at least6 jets are selectedrequiringat leastone SVT
b-tagandit combinegopologicalvariablesin 3 successie NNs at variousstagesThe
distribution of 3rd NN discriminantis fit to extractthett cross-sectionThe D@ cross-
sectionmeasurementields g = 7.7-35(stat) 47 (sys) + 0.5(1umi) pb.

3. SINGLE TOP QUARK SEARCHES

Both the CDF andthe D@ experimentshave performedsingle top quark searchesn
thes- andt-channelsNo evidencefor the singletop quark signalhasyet beenfound
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FIGURE 2. Summaryof thett pair productioncross-sectiomeasurementsom the CDF andthe D@
collaborationsFor comaparisonthe NLO predictionsfor m = 175GeV including uncertaintieon top
quarkmassis alsoshawn.

in theseanalysesSingletop quarkeventsare selectedby requiringoneisolated,high
p: lepton,large 1 andtwo high p; jets. CDF hasperformedchannelspecificsearches
by requiringexactly 1 b-taggedet eventsfor the t-channelandat least2 b-taggedet
eventsfor the s-channelCDF hasalsopursuedhe combinedchannelsearchesisinga
discriminatingvariablewhich canseparatesingletop signalfrom thett andthe non-top
backgroundevents.Cross-sectiofimits at the 95% confidencdevel for the s-channel,
t-channeland the combinedchannelsearchesare placedat o5 < 13.6 pb, ¢; < 10.1
pb andos,t < 17.8 pb respectiely for 162 pb~?1 of the data.D@ hasperformedthree
separatanalysesisingNNs, decisiontreesand cut-basedechniques95% confidence
level Bayesiarupperlimits on the productioncross-sectiomsingthe binnedlik elihood
fits to the NN outputdistributionsare os< 6.4 pbin thes-channelando;< 5.0 pbin the
t-channelsing230pb~1 of the data.

4. SUMMARY

Themeasuremenif thetop quarkpair productioncross-sectiomasbeenperformedoy
boththe D@ andthe CDF collaborationsn variouschannelasingdifferntapproaches
for anintegrateduminosityrangingfrom 140pb—1 to 350pb~1 (figure2). Themeasured
cross-sectionsre consistentwith the SM predictions.Upperlimits on the production
cross-sectiof the singletop quarkhave alsobeenplacedby boththe collaborations.
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