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1. Introduction

The top quarkhashby far the largestmassof all known elementaryparticles. This suggests
thatthetop quarkmayplay a specialrole in thedynamicsof electraveaksymmetrybreaking.One
of thevariousmodelsincorporatinghis possibilityis topcolor[1], wherethelargetop quarkmass
canbe generatedhrougha dynamicaltt condensateX, which is formedby a new stronggauge
force preferentiallycoupledto the third generatiorof fermions.In oneparticularmodel,topcolor
assistedechnicolor[2], X couplesweakly andsymmetricallyto the first and secondgenerations
and strongly to the third generationof quarks,and hasno couplingsto leptons,resultingin a
predictedcrosssectionfor tt productionlargerthanthe standardnodel(SM) prediction.

In this presentatiora nev model-independergearchfor a narrav-width heary resonanceX
decayinginto tt is presented.The analyzeddatasetcorrespondgo an integratedluminosity of
366+ 24pb 1 in the e+jets channeland 363+ 24 pb ! in the u+jets channel collectedbetween
August2002andAugust2004.

2. Search for tt production via new resonances

In theframework of the SM, thetop quarkdecaysnto aW bosonandb quarkin nearly100%of
the casesThetf eventsignaturds fully determinedy theW bosondecaymodes.In this analysis
only the lepton+jets(¢/+jets, wherel = e or u) final state,which resultsfrom the leptonicdecay
of oneof theW bosonsandthe hadronicdecayof the other is consideredTheinvestigatedevent
signatures oneisolatedelectron(|n| < 1.1) or muon(|n| < 2.0) with high trans\ersemomentum
pr > 20 GeV, largetranserseenegy imbalancelZr > 20 GeV dueto theundetectedheutrino,and
at leastfour jets (definedusinga conealgorithmwith radiusA% = 0.5) with pr > 15 GeV and
rapidity |y| < 2.5, two of whichresultfrom thehadronizatiorof theb quarks.Furtherdetailsof the
eventselectionandof thefollowing canbefoundin [3].

The signal-to-backgraud ratio is improved by identifying b-jets using a lifetime basedb-
taggingalgorithm. After b-tagging,the dominantphysicsbackgroundfor a resonancesignalis
non-resonan®M tt production.Smallercontrikutionsarisefrom thedirectproductionof W bosons
in associatiomwith four or morejets (W+jets),aswell asinstrumentabackgroundriginatingfrom
multijet processewith jetsfakingisolatedleptons.

The searchfor resonanproductionis performedby examiningthe reconstructedt invariant
massdistribution resultingfrom a constrainedinematicfit to the tt hypothesis. The usedfit is
similar to the oneusedfor the measuremertf thetop quarkmassin Runl [4]. Theconstraintgo
thefit arethattwo jets andthe lepton#r musteachform the invariantmassof theW bosonand
thatthe masse®sf thetwo reconstructedop quarkshave to be equal,andaresetto 175GeV. Only
thefour highestpr jetsareconsideredn thekinematicfit. Fromtheresultingtwelve possibleet-
partonassignmentghe onewith thelowestx? is chosenThisis foundto give the correctsolution
in about65% of thett events. The expectedt invariantmassdistribution for resonancenasse®f
400GeV and750GeV areillustratedin Figurel (left).

The systematiauncertaintieof the analysisrely on the predictionof the overall normaliza-
tion aswell asthe shapeof thereconstructedt invariantmassdistribution for both signalandthe
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Figure 1: Comparisorof theexpectedt invariantmasddistributionfor anarrov-width resonancavith mass
My = 400 GeV andMyx = 750 GeV (left). The resultingtt invariantmassdistribution for the combined
(+jets channelqright). The error barsdrawn on top of the SM backgroundndicatethe total systematic
uncertaintywhich hassignificantbin-to-bincorrelations.

differentbackgroundsThe systematiauncertaintiecanbe classifiedasthoseaffecting only nor
malizationandthoseaffectingboth normalizatiorandshapeof thett invariantmassdistribution.

The systematicauncertaintiesaffecting only the normalizationinclude e.g. the experimental
uncertaintie®nthe MC-to-datacorrectionfactors thetheoreticauncertaintyon the SM prediction
for oy, Osingtop @ndthe uncertaintyon the integratedluminosity The systematicuncertainties
affecting the shapeof thett invariantmassdistribution in additionto the normalizationhave been
studiedboth on signalandbackgroundamples.Theseincludee.g. uncertaintie®on the jet enegy
calibration,jet reconstructiorefficiency, b-taggingparameterizationtor b, c andlight jetsandthe
limited top quarkmassaccurayg asit entersthe kinematicfit.

The systematiauncertaintiesassociatedvith the estimationof the fractionsfor the different
flavor componentsf theW+jetsbackgroundhave beentakeninto accountaswell astheuncertainty
associatedvith the modelingof the SM tt backgroundin particular gluonradiationeffects.

3. Reault

In thefinal selection57 eventsremainin the e+jetschannebnd51 eventsin the u+jetschan-
nel. Figurel (right) shavs thett invariantmassfor the combined¢+jetschanneldor the selected
eventsin dataandfor the SM backgroundoredictions.

Assumingthereis no resonancesignal, a Bayesianapproachis usedto calculate95% C.L.
upperlimits on ox x B(X — tf) for differenthypothesizedialuesfor Mx. A Poissondistribution
is assumedor the numberof obsered eventsin eachbin, aswell asflat prior probabilitiesfor the
signalcrosssection. Systematiaincertaintieon the signalacceptancandbackgroundyields are
implementedvia a corvolution procedureof a multivariate Gaussiardistribution implementinga
full covariancematrix includingcorrelations.

The expectedand obsered 95% C.L. upperlimits on ox x B(X — tf) asa function of My
aredisplayedin Fig. 2. This figure alsoincludesthe predictedox x B(X — tf) for aleptophobic
Z' bosonwith Tz = 0.012Mz which, combinedwith the experimentallimits, allows to exclude
Mz < 680GeV at95%C.L..
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Figure 2: Expectedandobsened95% C.L. upperlimits on ox x B(X — tf) comparedwith the predicted
topcolorassistedechnicolorcrosssectionfor a Z’ bosonwith a width of ',; = 0.012My asa function of
resonancenassMy.

Similar searchesvereperformedat /s = 1.8 TeV by the CDF andD@ collaborationguring
Run| of the Tevatroncollider analyzinga datasetof 106pb~! (CDF) and130pb—* (D@), respec-
tively. No evidencefor att resonancevasfound. The resultinglimits on ox x B(X — tf), where
Ox is the resonanceroductioncrosssection,were usedto exclude a leptophobicZ’ bosonwith
Iz = 0.012Mz. The excludedmassregionsat 95% C.L. are, respectiely, Mz < 480 GeV [5]
andMz < 560GeV [6]. Thusthenew Runll measurementresentedhereextendsthe D& Runl
exclusionon Mz [6] by 120GeV.

4. Conclusion

A searclfor anarrav width resonancen the /+jetsfinal stateshasbeenperformedusingdata
correspondingo anintegrateduminosityof about370pb 1, collectedwith the D@ detectorduring
Runll of the Tevatroncollider. By analyzingthe reconstructedt invariantmassdistribution and
usinga Bayesiarmethod,modelindependentipperlimits on ox x B(X — tf) have beenobtained
for differenthypothesizednasse®f a narrav-width heary resonancelecayinginto tt. Within a
topcolorassistedechnicolormodel,the existenceof aleptophobicZ’ bosonwith Mz < 680GeV
andwidth 'z = 0.012Ml» canbeexcludedat95%C.L..
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