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In this reporta new searchfor a narrow-width heavy resonancedecayinginto top quarkpairs

(X � tt) in pp collisions at
�

s � 1� 96 TeV hasbeenperformedusing datacollectedby the

DØ detectorat theFermilabTevatroncollider. Theanalysisconsiderstt candidateeventsin the

lepton+jetschannelusinga lifetime tagto identify b-jetsandthett invariantmassdistribution to

searchfor evidenceof resonantproduction. The analyzeddatasetcorrespondsto an integrated

luminosity of approximately370 pb� 1. Sinceno evidencefor a tt resonanceX is found,upper

limits onσX � B � X � tt � for differenthypothesizedresonancemassesusingaBayesianapproach

areset. Within a topcolor-assistedtechnicolormodel, the existenceof a leptophobicZ	 boson

with MZ
�� 680GeV andwidth ΓZ
 � 0� 012MZ
 canbeexcludedat95%C.L..
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1. Introduction

The top quarkhasby far the largestmassof all known elementaryparticles. This suggests
thatthetopquarkmayplayaspecialrole in thedynamicsof electroweaksymmetrybreaking.One
of thevariousmodelsincorporatingthis possibilityis topcolor[1], wherethelargetopquarkmass
canbe generatedthrougha dynamicaltt condensate,X, which is formedby a new stronggauge
forcepreferentiallycoupledto thethird generationof fermions.In oneparticularmodel,topcolor-
assistedtechnicolor[2], X couplesweakly andsymmetricallyto thefirst andsecondgenerations
and strongly to the third generationof quarks,and hasno couplingsto leptons,resulting in a
predictedcrosssectionfor tt productionlargerthanthestandardmodel(SM) prediction.

In this presentationa new model-independentsearchfor a narrow-width heavy resonanceX
decayinginto tt is presented.The analyzeddatasetcorrespondsto an integratedluminosity of
366 � 24pb� 1 in thee� jetschanneland363 � 24 pb� 1 in the µ+jetschannel,collectedbetween
August2002andAugust2004.

2. Search for tt production via new resonances

In theframework of theSM,thetopquarkdecaysintoaW bosonandbquarkin nearly100%of
thecases.Thett eventsignatureis fully determinedby theW bosondecaymodes.In thisanalysis
only the lepton+jets(� +jets,where ��� e or µ) final state,which resultsfrom the leptonicdecay
of oneof theW bosonsandthehadronicdecayof theother, is considered.Theinvestigatedevent
signatureis oneisolatedelectron( �η ��� 1� 1) or muon( �η ��� 2� 0) with high transversemomentum
pT � 20GeV, largetransverseenergy imbalance�ET � 20GeVdueto theundetectedneutrino,and
at leastfour jets (definedusinga conealgorithmwith radius∆��� 0� 5) with pT � 15 GeV and
rapidity � y ��� 2� 5, two of whichresultfrom thehadronizationof theb quarks.Furtherdetailsof the
eventselectionandof thefollowing canbefoundin [3].

The signal-to-background ratio is improved by identifying b-jets using a lifetime basedb-
taggingalgorithm. After b-tagging,the dominantphysicsbackgroundfor a resonancesignal is
non-resonantSM tt production.Smallercontributionsarisefrom thedirectproductionof W bosons
in associationwith four or morejets(W+jets),aswell asinstrumentalbackgroundoriginatingfrom
multijet processeswith jetsfakingisolatedleptons.

Thesearchfor resonantproductionis performedby examiningthe reconstructedtt invariant
massdistribution resultingfrom a constrainedkinematicfit to the tt hypothesis.The usedfit is
similar to theoneusedfor themeasurementof thetop quarkmassin RunI [4]. Theconstraintsto
thefit arethat two jetsandthe lepton+�ET musteachform the invariantmassof theW bosonand
thatthemassesof thetwo reconstructedtopquarkshave to beequal,andaresetto 175GeV. Only
thefour highestpT jetsareconsideredin thekinematicfit. Fromtheresultingtwelve possiblejet-
partonassignments,theonewith thelowestχ2 is chosen.This is foundto give thecorrectsolution
in about65%of the tt events.Theexpectedtt invariantmassdistribution for resonancemassesof
400GeVand750GeVareillustratedin Figure1 (left).

The systematicuncertaintiesof the analysisrely on the predictionof the overall normaliza-
tion aswell astheshapeof thereconstructedtt invariantmassdistribution for bothsignalandthe
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Figure 1: Comparisonof theexpectedtt invariantmassdistributionfor anarrow-width resonancewith mass
MX � 400 GeV andMX � 750 GeV (left). The resultingtt invariantmassdistribution for the combined�! 

jets channels(right). The error barsdrawn on top of the SM backgroundindicatethe total systematic
uncertainty, which hassignificantbin-to-bincorrelations.

differentbackgrounds.Thesystematicuncertaintiescanbeclassifiedasthoseaffectingonly nor-
malizationandthoseaffectingbothnormalizationandshapeof thett invariantmassdistribution.

The systematicuncertaintiesaffecting only the normalizationincludee.g. the experimental
uncertaintiesontheMC-to-datacorrectionfactors,thetheoreticaluncertaintyontheSM prediction
for σtt , σsingletop and the uncertaintyon the integratedluminosity. The systematicuncertainties
affectingtheshapeof the tt invariantmassdistribution in additionto thenormalizationhave been
studiedbothon signalandbackgroundsamples.Theseincludee.g.uncertaintieson thejet energy
calibration,jet reconstructionefficiency, b-taggingparameterizationsfor b, c andlight jetsandthe
limited topquarkmassaccuracy asit entersthekinematicfit.

The systematicuncertaintiesassociatedwith the estimationof the fractionsfor the different
flavor componentsof theW+jetsbackgroundhavebeentakenintoaccountaswell astheuncertainty
associatedwith themodelingof theSM tt background,in particular, gluonradiationeffects.

3. Result

In thefinal selection57eventsremainin thee� jetschanneland51eventsin theµ+jetschan-
nel. Figure1 (right) shows the tt invariantmassfor thecombined� +jetschannelsfor theselected
eventsin dataandfor theSM backgroundpredictions.

Assumingthereis no resonancesignal,a Bayesianapproachis usedto calculate95% C.L.
upperlimits on σX " B# X $ tt % for differenthypothesizedvaluesfor MX. A Poissondistribution
is assumedfor thenumberof observedeventsin eachbin, aswell asflat prior probabilitiesfor the
signalcrosssection.Systematicuncertaintieson thesignalacceptanceandbackgroundyieldsare
implementedvia a convolution procedureof a multivariateGaussiandistribution implementinga
full covariancematrix includingcorrelations.

The expectedandobserved 95% C.L. upperlimits on σX " B# X $ tt % asa function of MX

aredisplayedin Fig. 2. This figurealsoincludesthepredictedσX " B# X $ tt % for a leptophobic
Z’ bosonwith ΓZ
 � 0� 012MZ
 which, combinedwith the experimentallimits, allows to exclude
MZ
 � 680GeV at95%C.L..
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Figure 2: Expectedandobserved95%C.L. upperlimits on σX � B � X � tt � comparedwith thepredicted
topcolor-assistedtechnicolorcrosssectionfor a Z	 bosonwith a width of ΓZ
 � 0� 012MZ
 asa functionof
resonancemassMX .

Similar searcheswereperformedat & s � 1� 8 TeV by theCDF andDØ collaborationsduring
RunI of theTevatroncollider analyzinga datasetof 106pb� 1 (CDF) and130pb� 1 (DØ), respec-
tively. No evidencefor a tt resonancewasfound. Theresultinglimits on σX " B# X $ tt % , where
σX is the resonanceproductioncrosssection,wereusedto excludea leptophobicZ’ bosonwith
ΓZ
 � 0� 012MZ
 . The excludedmassregionsat 95% C.L. are, respectively, MZ
 � 480 GeV [5]
andMZ
 � 560GeV [6]. Thusthenew RunII measurementpresentedhereextendstheDØ RunI
exclusionon MZ
 [6] by 120GeV.

4. Conclusion

A searchfor anarrow width resonancein the �'� jetsfinal stateshasbeenperformedusingdata
correspondingto anintegratedluminosityof about370pb� 1, collectedwith theDØ detectorduring
Run II of theTevatroncollider. By analyzingthe reconstructedtt invariantmassdistribution and
usinga Bayesianmethod,modelindependentupperlimits on σX " B# X $ tt % have beenobtained
for differenthypothesizedmassesof a narrow-width heavy resonancedecayinginto tt. Within a
topcolor-assistedtechnicolormodel,theexistenceof a leptophobicZ( bosonwith MZ
 � 680GeV
andwidth ΓZ
 � 0� 012MZ
 canbeexcludedat95%C.L..
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