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We presenttwo measurementsof the tt̄ productioncrosssectionin collisionsof protonsandan-

tiprotonsat
�

s � 1� 96 TeV. We analyzea datasetof 310� 20 pb� 1 collectedwith the CDF 2

detector. In the first measurement,we selecteventswith six to eight jets,at leastoneof which

having a displacedsecondaryvertex, little or no missingtransverseenergy andoptimizedkine-

maticalcriteriaconsistentwith thett̄ all-hadronicdecaychannel.In thesecondmeasurement,we

selecteventswith four or morejets,at leastoneof which having a displacedsecondaryvertex,

high missingtransverseenergy, andoptimizedkinematicalcriteria consistentwith the decayof

tt̄ to τ+jets. The averagedtt̄ productioncrosssection,determinedfrom six differentmeasure-

mentsusingthe CDF 2 detectorin the dilepton, lepton+jetsandall-hadronicdecaychannels,

is alsocalculatedto beσtt̄ � 7� 1 � 0� 6 � stat�	� 0� 7 � syst�	� 0� 4 � lumi � pb, in agreementwith the

predictionof thestandardmodel.
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Top pair production at CDF using multijets events Lucio Cerrito

1. Intr oduction

Top quarksareproducedat the TevatronCollider predominantlyin pairsof top-antitopvia
quark-antiquarkscattering( � 85%) andgluon-gluonfusion ( � 15%). The measurementof the tt̄
productioncrosssectionprovides a testof the theoryof QuantumChromoDynamicswhile the
comparisonof themeasurementsfrom differentdecaychannelsallowsprobingboththeproduction
anddecaymechanismsof thestandardmodel(SM).At 
 s � 1� 96TeV, thepredictedtt̄ crosssection
is σtt̄ � 6� 7� 0 � 7� 0 � 9 pb for the top massmt � 175 GeV/c2 [1]. The top decaysalmostexclusively to
W b, hencethefinal stateof a tt̄ pair canbeclassifiedaccordingto the two W ’s decay, leadingto
a leptonplus jets, dileptonor all-hadronicfinal state. The tt̄ productioncrosssectionhasbeen
measuredin all decaychannelsby theCDF CollaborationduringRun I of theTevatronCollider,
using � 100 pb

� 1 of dataat 
 s � 1� 8 TeV [2]. However, the measurementswereaffectedby
largestatisticaluncertainties.

We presenttwo measurementsof the tt̄ productioncrosssectionat 
 s � 1� 96 TeV in all-jets
final states,usingasampleof 310� 20pb� 1 of pp̄ collisiondatacollectedwith theCDF2 detector
in theyears2002� 2004. In thefirst analysis,theeventselectionisolatesa sampleof eventswith
6 to 8 jetsandlittle �ET [3], consistentwith thehadronicdecayof bothW ’s. Thesecondanalysis
selectsasamplewith 4 or morejetsandlarge �ET , consistentwith oneof theW ’sdecayingto aτ � ν
andthesecondhadronically. Finally, we presenttheaverageof six tt̄ crosssectionmeasurements
from differentdecaychannelsusingtheCDF 2 detector.

2. All-jets final state

The datasetis collectedwith a multijet trigger requiring at least four calorimeterclusterswith
ET � 15 GeV andtotal transverseenergy exceeding125 GeV. Eventswith high missingtrans-
verseenergy ( �ET � 
 ∑ET � 3 GeV1� 2), andthosewith agoodhightransverse-momentumcentral
electronor muon,arerejectedin orderto avoid that the sampleoverlapsthoseusedin othertop
productioncrosssectionmeasurements.Themultijet triggerhasanestimated14 nb crosssection
andis � 85%efficient in selectingall-hadronictt̄ events.However, thesignal-to-background ratio
of this preselectedsampleamountsto about1/3500,dueto the large QCD multijet productionof
non-topevents. An optimizedkinematicselectionis usedto enhancethe top signal,andis deter-
minedfrom MonteCarlosimulation[4] of signal(S)andbackground(B) eventsin suchawayasto
maximizetheratio S � 
 S � B. Thedecayof top pairsis characterizedby highly energetic,central,
sphericaleventsandtheoptimalselectionexploits thesekinematicpropertiesby usingthenumber
of jetsin theevent(6 � Njets � 8), higheventtotalenergy (∑ET � 280GeV),centrality(C � 0.78)
andaplanarity(A � 0� 005∑3 ET � 0� 96) [5].

With theserequirements,theS/B ratio is enhancedto about1/25,with efficiency of accepting
tt̄ eventsof 6� 6� 1.4%. Finally, eventsarerequiredto have at leastonejet with a displacedsec-
ondaryvertex (SecVtxtag), compatiblewith the long lifetime of a B hadronfrom the top decay.
SecVtx taggingenhancesS/B to about1/5 with 84� 7% efficiency of acceptinga tt̄ event. The
selectedsampleconsistsof 3342eventswith 816tags.Thebackgroundis estimatedconstructing
a look-uptableof the rateof tagsin four-jetsevents(a highly enrichednon-topQCD sample),as
a functionof thejet-ET , thenumberof tracksreconstructedin thevertex detector, andthenumber
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Figure 1: Comparisonbetweenobservedandexpectedtagsin (a): theall-jetssampleand(b): the (ET +jets
sample.

of reconstructedprimaryverticesin theevent. Theexpectednumberof tagsdueto backgroundin
thesignalcandidatesampleis determinedusingthelook-uptableandtheexcessof observed tags
is attributedto tt̄ events.Figure1(a)shows thecomparisonbetweenobservedandexpectedtagsas
a functionof thejet multiplicity in theevent.

Fromtheexcessof tagsin thesignalregion,andassumingthetopmass(mt ) tobe175 GeV/c2,
we determinethett̄ productioncrosssection:σtt̄ � 8� 0 � 1� 7) stat*+� 3 � 3� 2 � 2 ) syst*+� 0 � 5� 0 � 4 ) lum* pb, where
theuncertaintiesarestatistic,systematicanddueto theluminositydeterminationrespectively. The
systematicuncertaintyis predominantlydueto thejet energy calibration,contributing � 20%to the
estimatedeventreconstructionefficiency. Smallercontributionsaredueto thebackgroundestimate
( � 10%),andtheMonteCarlosimulationof thett̄ sample.

3. ,ET +jets final state

Thedatasetis selectedwith thesamemultijet triggerusedto isolatethesampleof all-jetstt̄ events
asdescribedabove,but thekinematiceventselectionis replacedby Njets � 4, large �ET ( �ET � 
 ∑ET �
4 GeV1� 2) and∆φ )-�ET . jet* � 0� 4 rad. Thehigh-�ET requirementensuresthateventsareconsis-
tent with the presenceof a neutrinofrom the W bosondecay. The minimum angulardistance
between�ET andjets rejectspreferentiallynon-topQCD multijet background.Eventswith a good
high transverse-momentumcentralelectronor muonarerejectedin orderto avoid thatthesample
overlapsthoseusedin othertop productioncrosssectionmeasurements.TheS/B ratio afterkine-
maticselectionis about1/5with thett̄ eventselectionefficiency of 6.7� 1.4%.Finally, at leastone
jet in theevent is requiredto have a SecVtxtag,compatiblewith the long lifetime of a B hadron
from thetopdecay. SecVtxtaggingenhancesS/B to about1/1with 79� 4%efficiency of accepting
a tt̄ event. The numberof SecVtxtagsasa function of jet multiplicity is shown in Figure1(b).
Theexcessof tagsin thefour or morejetsmultiplicity binsis attributedto tt̄ signalandassuming
mt � 175 GeV� c2 we measurethecrosssection:σtt̄ � 6� 1 � 1� 2) stat*+� 1� 3� 0� 9 ) syst*+� 0 � 4� 0 � 3 ) lum* pb.
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Systematicuncertaintiesarefor thelargestpartdueto theuncertaintyon theefficiency of the
multijet trigger(with relative uncertainty� 15%).Smallercontributionsaredueto thebackground
estimate( � 10%),andtheMonteCarlosimulationof thett̄ sample.

4. Combination of tt̄ crosssectionmeasurements

Thett̄ productioncrosssectionis measuredwith theCDF2 detectorusingthedilepton,lepton
plus jetsandall-hadronicfinal states,aswell asusingseveral techniquesfor thesamefinal state.
Six of thesemeasurements,includingthreein theleptonplusjetschannel[6, 7], onein thedilepton
channel[8] andthetwo measurementspresentedin this articleusingtheall-jetsand �ET +jetsfinal
states,arecombinedto yield the averageCDF tt̄ crosssectionmeasurement[9]. The averageis
calculatedwith the BLUE method[10, 11, 12], wherewe accountfor statisticalandsystematic
correlation,andyields themostprecisedeterminationof the tt̄ productioncrosssectionat 
 s �
1� 96 TeV to be[13]: σtt̄ � 7� 1 � 0� 6) stat*/� 0� 7) syst*0� 0� 4) lumi * pb�

5. Conclusions

We have measuredthett̄ productioncrosssectionin theall-jetsandlarge �ET +jetsfinal states.
Both resultsarein agreementwith thepredictionfrom thestandardmodel. The resultsarecom-
bined with four more measurementsusing the CDF 2 detectorand the averagevalue of the tt̄
productioncrosssectionat 
 s � 1� 96 TeV is 7� 1 � 0� 6) stat*/� 0� 7) syst*0� 0� 4) lumi * pb�
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