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1. Introduction

Sincethe discovery of the top quarkin 1995by CDF and DQ collaborations[] an exten-
sive programto characterizehis particleis undervay. Thetop is by far the heaviestamongthe
guarkfamily andoffersa naw testinggroundfor the standardnodel,including quantumchromo-
dynamics;dueto its large massthe top quarkis the entity that is most strongly coupledto the
symmetry-breakinglynamicsandthenplay asa powerful probein this physicssector

The top quark productioncrosssectionmeasurementsy CDF andDQ experimentscanbe
consideredasthefirst steptoward exploiting this sectorbut alsoprovide atestbenchfor toolsand
techniquesvhichwill be usefulfor physicsanalysisatthe LHC.

Accordingto the standardnodel,top quarkpair productionat the Tevatron(y/s = 1.96 TeV)
proceedwia quark-antiquarkannihilation(85%)andgluonfusion(15%),with aNLO crosssection
of 6.7732 pbfor Myo, = 175GeV/c?.

Besideghe standardmodeltt production,otherproductionmechanisméiave beenproposed.
Theexistenceof anarrav vectorresonancedecayingo tt hasbeenpredictedoy theoreticamodels
like thetop-colorassistedechnicolorf2, 3]. Thismodelaccountgor the spontaneouslectraveak
symmetrybreakingby introducinga new strongdynamicswvhichwould explainthelargetop quark
mass.

Unitarity constraintoon the CKM matrix requirethetop quarkto decayto a W bosonandab
quark,sothe W decaygeitherW — ¢v orW — qq) definethesignaturefor thett events.

Figure 1 shaws the breakdavn of eachtype of final state;
the final statescontainingt leptonshave beenkept sepa-
ratedsincethe T immediatelydecaysandcannotbe easily
identified. Thethreemainfinal statesavailablefor theanal-
ysisarethus: dilepton,leptonplusjets, all hadronic;all of
themhave jetsin thefinal state dileptonicandleptonplus ' Tl
jets channelshave alsoisolatedhigh-p; leptonsandlargew g
missingtrans\erseenegy (E; ) dueto theescapingeutri-
nos.While theisolatedtracksarereliably identifiedandre-
constructedy thetrackingandcalorimetricapparatusthe
jet reconstructiorand enegy measurementhe £, mea-
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requiresophisticatedools developed[4, 5] to obtainpre-
cise eventreconstructionpackgroundejectionand deter Figure 1: tt decaychannels.

minationof the datasamplecomposition.

2. Top Pair Production Cross Section

Boththe CDFandD@ experimentg6, 7, 8] measurehett productioncrosssectionin all three
final statesitherperformingcountingexperimentor by fitting thedatato kinematicadistributions
thatcandiscriminatesignalfrom background.

Performingthe analysesn the threechannelsallows to reducethe uncertaintyby combiningthe
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measurementdyut also provides a consisteng checkacrossthe channeland thentestsfor the
presencef physicsbeyondthe standardnodel(e.g.t — H*b) which modifiesthe balanceamong
thechannels.

2.1 Dilepton channel

Topdileptonevents,in whichbothW’s decayto anelectronor muonandav, arecharacterized
by two high-p; leptons,large missingtrans\erseenegy (¥, ) dueto the escapingheutrinos,and
two jets from the b quarks. This channelis the cleanes(S/B ~ 1.5 — 3) but alsothe onewith the
smalleststatistic§(5% branchingratio for the e/u analysespmongthethreefinal states.The main
contritutionsto backgroundgomefrom Drell-Yan productionW — £4v + jets eventswherea jet
is misidentifiedasa leptonanddiboson(WW, WZ andZZ) production.Differentapproacheare
adoptedo measurdhe crosssectionin this channel.

DO collaboratiorperformedacountingexperimentin adatasampleof approximatelyd70pb1.
After requiringtwo oppositechage leptonsandtwo jets, differentsetsof cutshave beenapplied
to rejectthe backgroundsor thethreechannelgete™,e*u¥, u*tu~). Thelarge ; is usedto dis-
criminatethe (£¢) signalfromtheZ/y * — ¢¢ backgroundsvhile onthe e* uT channelthelargest
backgroundwhicharisefromZ — 1+ 1, is suppresselly requiringlargescalartrans\erseenegy
(HE = 41 +3 p%, Wherep_‘}l denoteghe p; of theleadinglepton). Thecrosssectionmeasurement
hasbeenperformedn thethreechanneldy countingthebackgroundubtractesgignalandcorrect-
ing for the detectoracceptancandreconstructiorefficiencies(Fig. 2). The averagecrosssection
obtaineds o= 8.6733(stay *15(sysh = 0.6(lumi) pb.

Giventhelimited statisticsof thedileptonsample anaturalchoiceis to increaseacceptancey
loosingthe selectioncuts. Following this ideaCDF performeda countingexperimentanalysisn a
360pb~! datasample.Two opposite-chaed, high p; leptoncandidatesirerequired thefirst one
hasto passstrict trackingand calorimetricrequirementswhile for the secondone only tracking
selectionsareapplied.Thisallowsto recorer acceptancé&om partially instrumentedegionsof the
detectorandto acceptalsosingleprongt hadronicdecay Eventswith zeroor onejetsarestudied
to testthe backgroundpredictionsandeventswith two or morejetsareusedto calculatethe cross
section(Fig. 3). Themeasurearosssectionis: o= 10.1+2.2(staf) 4 1.4(sys} pb.

A differentapproactwith respecto the countingexperimentgake advantageof the different
kinematicbehaior of thett eventsif comparedo thebackgroungrocesses thetwo-dimensional
F andjet multiplicity space. Dataarefit to extract the contritutions from tt , WW andZ —
T7. The strengthof this approacHies in the very differentregions of £ —N,¢ spaceoccupied
by the standardmodel processesontrituting to the high-p; dileptonsample. The measurement
carriedout at CDF with 200 pb~! of datagives: o= 8.6753(sta + 1.1(sys} pb and g, =
1261733 (stap + 1.3(sysh pb, 0,_,,, = 23345(stay + 17(sys) pb for the two fitted background
crosssectionswhich arein goodagreementvith thetheoreticalkexpectations[f

2.2 Lepton plusjetschannd

Thelepton+ jetssignaturaepresentthegoldenchannefor top crosssection(andmass)mea-
surementslt benefitsfrom high leptontrigger efficiengy combinedwith large branchingfraction
(almost30% for e/u plus jets) but suffers from higherbackgroundwith respectto the dilepton
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channel. Themostsignificantbackgroundtontrikution is fromW + jets events,importantarealso
multi-jet eventswith one jet misidentifiedasa lepton, dibosonandsingletop production. These
backgroundsan be estimatedby fitting kinematicdistributions like the total transerseenegy
or/andreducedby requiringatleastonejet to beb — tagged (S/B ~ 2 — 4 with singletaggingand
S/B > 10 with doubletagging). Differenttaggingalgorithmhave beendevelopedat Tevatron[3.
The secondaryertex taggerandthe jet probability taggerexploit the capabilitiesof the silicon
microstrip detectorgo reconstructracksdisplacedwith respecto the primary vertex. The soft
leptontaggeridentifiesthe soft muonfrom the semileptonid>-decay

Both CDF and DQ collaborationsperformedcounting experimentmeasurementapplying
secondaryertex taggers. Theseanalysesperformedwith 320 pb~! and365 pb~! for CDF and
DO respectiely, representight now the mostprecisett crosssectionmeasurementgachwith
a total uncertaintycloseto 15%. Eventsare selectedby requiring one (and only one)isolated
high-p; electronor muon, £ > 20 GeV andthreeor morejets with E; > 15 GeV (with |n] <
2 at CDF andwith |y| < 2.5 at DQ ), lower jet multiplicity eventsare still usedto checkthe
backgroundestimationsThedataseselectedibore is dominatedby realW bosonswith associated
light flavor production,a backgroundthat can be strongly suppressetby requiring at leastone
b — jet in the event. The samplealso includescontritutions from multi-jet eventsin which a
jet is misidentifiedas an electronor in which a muon originating from the semileptonicdecay
of a heavry quark appearssolated. In addition, significant£; can arise from fluctuationsand
mismeasurements the jet enegies. The estimationof the samplecompositionis basedboth on
Monte Carlosimulationsanddataandrepresentsneof themainsourceof systematiaincertainty
togethemith theuncertaintyon theb-taggingandtheleptonreconstructiorefficiency. To measure
the crosssectionD® performeda fit to eightdifferentchannels:e/ u+jetswith 3 or >4 jetsand
with oneor two or moretags. The resultis: o= 8.1"13(stat+ sys) + 0.5(lumi) pb (Fig. 4).
CDF measuredhe crosssectionin the one(andmore)andtwo (andmore)tagssamplesbtaining
respectiely: g;=89+ 0.9(stabi(l,j3(sysb pbando,;= 10.4715(sta) T22(sysh pb.

Anotheranalysisperformedat DQ exploits only thekinematicpropertiesof the eventsto sep-
aratesignalfrom backgroundwith no useof the b-taggingrequirementsTo extractthefractionof
tt eventsin thesampleadiscriminantfunctionhasbeenconstructedThis functionmakesuseof the
differencesbetweenthe kinematicpropertiesof thett eventsandthe backgroundsThe variables
have beenselectedn orderto provide the bestseparatiorbetweersignalandbackgroundandthe
leastsensitvity to thejet enegy calibrationwhichin theendrepresentthe90%of thetotal system-
atic uncertainty The measurementf thett crosssectionhasbeenperformed(230pb1) in each
leptonchannekeparatelyndthencombinedyielding: o= 6.7ji‘3‘(stai)ﬂj‘15(sysi) +0.4(lumi) pb
(Fig.5).

An innovative approachhelepton+jetschannels actuallyto look at the eventswith norecon-
structedeptonin thedatasamplecollectedby themulti-jet triggerdesignedor theall-hadronictop
analysesThe, +jets+b-tagsanalysisperformedat CDF in factrejectseventswith agood,high-
p; electronor muonto avoid overlapswith theotherlepton+jetsanalysesTheaimis to recover part
of e/ + jets samplewith undetectedeptonbut especiallyto includet + jets eventsby requiring
significantt; andexploiting the geometricapropertieso discriminatethe quarkpair production
from backgroundprocessesThe eventselectionrequiresfour or morejets (E; > 15GeV) with at
leastoneb —tag, large missingtrans\erseenepy significance(; /\/ﬁ > 4Ge\H/2) andlarge
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total trans\erseenegy (3 E}as > 125Ge)\). To suppresshe multijet contaminatiorthe £ is re-
quirednotto bealignedwith thejetsdirections(A®(E; , jets) > 0.4rad. Backgrounccontritution
yields areestimatedrom the data. The crosssectionmeasuremerthenis performedby counting
taggedjetsin the4 < N;4 < 8 sample. The measuredrosssectionvaluein a 310 pb~! data
sampleis foundto be: o, = 6.1+ 1.2(staj T15(sys) pb (Fig. 6).

2.3 All hadronic channel

Theall hadronicchannelprovidesa very large event sample(branchingfraction ~ 45%)and
allows to fully reconstructhett system.Neverthelesst is the mostchallengingdueto the over-
whelmingmulti-jet QCD backgroundAfter aspecificallydesignedriggerthesignalto noiseratio
is aboutl : 3000;the bulk of the backgrounds rejectedoy the requiremenof atleastoneidenti-
fiedb— jet in the eventandfurther suppressedy cutting on a setof kinematicalandeventshape
variables.

In the CDF analysisthe kinematicalrequirementsim to maximizethe S/+/B + Sby applying
selectionson the numberof jets, the total trans\erseenegy, the centrality the aplanarityandthe
sub-leadingenegy (S3Er =S Er — EX — E2) obtainedby remaving the two jetswith the highest
E;. After theserequirementsand the requestfor at leastoneb — jet the signalto noiseof the
sampleincreasego aboutl : 5. The crosssectionmeasuremenis then performedby counting
b —tagsin theeventswith 6 to 8 jets. On adatasampleof 310pb~ the measuremerfor thecross
sectionis: o= 8.0+ 1.8(sta} T35(sys) pb (Fig. 7).

In the DY analysighekinematicalselectionis implementedsia anartificial neuralnet(ANN).
After optimization,six variableshave beenchosento discriminatesignalfrom background.The
selectiorof thesetof variableds drivenby therequirementhatthe expectedstatisticakignificance
of the crosssectionshouldstay comparablego when a larger numberof input variablesis used.
Also, theusageof variablethatareknown to be highly dependentnthejet enegy hasbeenlimited
asmuchas possiblesinceuncertaintiesn the jet enegy calibrationare by far the largestsource
of systematiauncertaintyin the all hadronicchannel. Thefinal selectionto enrichthe samplein
tt signalis appliedby cutting on the ANN discriminantoutput (D > 0.9). Thett crosssection
measuremeris thenperformedasa countingexperimentandin a datasampleof 350pb~* yields:
o= 5.2+28(stay 5 (sysh + 0.3(lumi) pb (Fig. 8).

3. Resonant tt production search

The very large top quark masssuggestghat it may play a specialrole in the dynamicsof
the electraveak symmetrybreaking. One of the variousmodelsincorporatingthis possibility is
topcolorwherethe large top quarkmasscanbe generatedhrougha dynamicaltt condensate,
which is formed by a new stronggaugeforce preferentiallycoupledto the third generationof
fermions. In one particularmodel, topcolorassistedtechnicoloy X couplesweakly to the first
andthe secondgenerationsndstronglyto the third generatiorof quarks,andhasno couplingto
leptons. CDF andD® collaborationgperformedmodelindependensearchedor a narrav-width
heary resonance decayingntott , only thelepton+jetdfinal statehasbeenconsidered.

The CDF approachs to usematrix elementinformationto help with the M,-reconstruction.
Its basicideais to usethe theoreticaldifferential crosssectionof the consideredprocessas an
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input for the eventreconstructiorandis particularsuitablefor topologieswith missing(neutrino)
or degraded(jets)information. Thea priori probability densityfor producinga particulartt parton
level final state{ p} relativeto otherfinal statesis simply its normalizeddifferentialcrosssection,
denotedby P, ({P}). The apriori probability densityfor the partonlevel final state{ g} and the
measuredet quantities{ j} is given by the productP,({p}, {7}) = P,({B}) - T(11IPy) - T (J2|P,) -
T(J5/B3) - T (i, B,) wheretheT (J;| B,) denotethepartonto jet transferfunction i.e. theprobability
thata partonof momentumy B} is measuredsajet of momentum{ j’}. FromP,({p},{]}) onecan
build P({B}|{]}), the posteriorprobability of having the partonmomenta{ g} giventhe obsered
quantities{ T}. Having thatdistribution it is possibleto derive probability distribution for ary other
variablefunctionof {B}, in particularM,;-; the meanof suchdistrikution is finally definedasthe
reconstructed/, valuefor the event. Thereconstructioralgorithmshaws excellentperformances
whenthe partonarecorrectlyassociatedo thejets; whenappliedto resonancsamplesventswith
incorrectlyjet associatiorlow massshouldeiin theM,-distrikutionis createdreducingtheoverall
resolutionon the signalreconstructionFinally, the M- spectrunfor the data(320 pb~1) hasbeen
reconstructecndfit for the presencef resonantt contamination.Ten differentresonancenass
hypothesidrom 450to 900 GeV/c? hasbeentestedandfor eachof thema 95% C.L. upperlimit
hasbeencalculatedsinceno evidencefor the signalhasbeenfound (Fig. 10).

TheDQ collaborationperformedthe analysisusinga constrainedkinematicfit to reconstruct
thett invariantmass.This recipehasbeensuccessfullyusedin Runl for thetop quarkmassmea-
surement.The following constraintsaareusedin thefit: two jets mustform the invariantmassof
the W boson(M,, = 80.4 GeV/c?), the leptonandthe E; , takinginto accountthe longitudinal
momentunof the neutrino,mustform theinvariantmassof theW boson the massesf therecon-
structediop quarkshave to beequal,andaresetto M, = 175GeV/c?. Only thefour highestp; jets
areconsideredn thekinematicfit. Fromthe resultingtwelve possiblget-partonassignmentshe
onewith the lowest x? is chosen. This is found to give the correctsolutionin about65% of the
tt events. Finally, the M, spectrunfor the data(365 pb~1) hasbeenreconstructe@ndfit for the
presenc®f resonantt contamination Tendifferentresonancenasshypothesisrom 350to 1000
GeV/c? hasbeentestedandfor eachof thema 95%C.L. upperlimit hasbeencalculatedFig. 11).

4. Summary and Conclusions

In this article measurementsf the top pair productioncrosssectionat Tevatron were pre-
sented All themeasurementsom both CDF andDQ experimentsareconsistentith eachother
andwith the Standardvlodel prediction(Fig. 9). A searctor anarrav resonanceecayingott has
alsobeenreviewed. As theamountof Runll datacollectedincreaseandthe systematiaincertain-
ties determinedrom datadecreaseghe Tevatronexperimentswill be ableto achieve even more
precisemeasurementsf thetop propertiesandprobefor physicsbeyondthe StandardModel.
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