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We presentwo measurementsf thett productioncrosssectionin collisionsof protonsandan-
tiprotonsat /s = 1.96 TeV. We analyzea datasebf 310+20 pb~? collectedwith the CDF 2
detector In the first measurementye selecteventswith six to eightjets, at leastone of which
having a displacedsecondaryerte, little or no missingtrans\erseenegy andoptimizedkine-
maticalcriteriaconsistentvith thett all-hadronicdecaychanneln the secondneasurementye
selecteventswith four or morejets, at leastone of which having a displacedsecondaryertex,
high missingtrans\erseenepy, and optimizedkinematicalcriteria consistenwith the decayof
tt to T+jets. The averagedt productioncrosssection,determinedrom six differentmeasure-
mentsusingthe CDF 2 detectorin the dilepton, lepton+jetsandall-hadronicdecaychannels,
is alsocalculatedto be i = 7.1+ 0.6(stah + 0.7(sysh + 0.4(lumi) pb, in agreementvith the
predictionof the standardnodel.
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1. Intr oduction

Top quarksare producedat the Tevatron Collider predominantlyin pairs of top-antitopvia
quark-antiquarkscattering(~85%) and gluon-gluonfusion (~15%). The measuremenof thett
productioncrosssectionprovides a testof the theory of QuantumChromoDynamicswhile the
comparisorof themeasurementsom differentdecaychannelsllows probingboththe production
anddecaymechanismsf thestandaranodel(SM). At /s= 1.96 TeV, thepredictedt crosssection
is gir = 6.779:¢ pb for the top massm = 175 GeV/c? [1]. The top decaysalmostexclusively to
Wb, hencethe final stateof att pair canbe classifiedaccordingto the two W’s decay leadingto
a leptonplus jets, dilepton or all-hadronicfinal state. The tt productioncrosssectionhasbeen
measuredn all decaychannelsby the CDF Collaborationduring Run| of the TevatronCollider,
using~ 100 pb~! of dataat /s= 1.8 TeV [2]. However, the measurementwere affectedby
large statisticaluncertainties.

We presentwo measurementsf thett productioncrosssectionat /s = 1.96 TeV in all-jets
final statespsingasampleof 3104 20 pb~—1 of pp collision datacollectedwith the CDF 2 detector
in the years2002-2004. In the first analysis the event selectionisolatesa sampleof eventswith
6 to 8 jetsandlittle E4; [3], consistenvith the hadronicdecayof bothW’s. The secondanalysis
selectsasamplewith 4 or morejetsandlargeks, consistenwith oneof theW’'sdecayingoart+ v
andthe seconchadronically Finally, we presenthe averageof six tt crosssectionmeasurements
from differentdecaychannelsusingthe CDF 2 detector

2. All-jets final state

The datasetis collectedwith a multijet trigger requiring at leastfour calorimeterclusterswith

Er > 15 GeV andtotal transerseenegy exceedingl25 GeV. Eventswith high missingtrans-
verseenegy & /S Er >3 GeVY2), andthosewith agoodhigh transerse-momenturaentral
electronor muon, arerejectedin orderto avoid thatthe sampleoverlapsthoseusedin othertop

productioncrosssectionmeasurementsl he multijet trigger hasan estimatedL4 nb crosssection
andis ~85%efficient in selectingall-hadronictt events. However, the signal-to-backgnand ratio
of this preselectedampleamountsto about1/3500,dueto the large QCD multijet productionof

non-topevents. An optimizedkinematicselectionis usedto enhancehe top signal,andis deter

minedfrom MonteCarlosimulation[4] of signal(S)andbackgroundB) eventsin suchaway asto

maximizetheratio S/v/S+ B. Thedecayof top pairsis characterizedy highly enegetic, central,
sphericalkeventsandthe optimal selectionexploits thesekinematicpropertiesy usingthe number
of jetsin theevent (6 < Njets < 8), high eventtotal enegy (5 Er > 280GeV), centrality(C> 0.78)
andaplanarity(A+ 0.0055 3 Er > 0.96) [5].

With theserequirementsthe S/B ratio is enhancedo about1/25,with efficiengy of accepting
tt eventsof 6.6+1.4%. Finally, eventsarerequiredto have at leastonejet with a displacedsec-
ondaryvertex (SecVixtag), compatiblewith the long lifetime of a B hadronfrom the top decay
SecVixtaggingenhancesyB to about1/5 with 84+7% efficiengy of acceptinga tt event. The
selectedsampleconsistsof 3342eventswith 816tags. The backgrounds estimatedconstructing
alook-uptableof the rateof tagsin four-jets events(a highly enrichednon-topQCD sample)as
afunctionof thejet-Er, the numberof tracksreconstructedh the vertex detectorandthe number
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Figure 1: Comparisorbetweerobsenedandexpectedtagsin (a): theall-jets sampleand(b): the Er+jets
sample.

of reconstructegrimaryverticesin the event. The expectednumberof tagsdueto backgroundn
the signhalcandidatesampleis determinedusingthe look-up tableandthe excessof obseredtags
is attributedto tt events.Figurel(a)shavs the comparisorbetweerobsered andexpectedagsas
afunctionof the jet multiplicity in theevent.

Fromtheexcesf tagsin thesignalregion,andassuminghetopmasgm) tobel75 GeV/c?,
we determinethett productioncrosssection: g = 8.0+ 1.7(stay "33(sysy 33(lum)  pb, where
theuncertaintiearestatistic,systemati@anddueto theluminosity determinatiorrespectrely. The
systematiaincertaintyis predominantlydueto thejet enegy calibration,contrituting +20%to the
estimatedentreconstructiorefficiengy. Smallercontributionsaredueto thebackgrounastimate
(£10%),andthe Monte Carlosimulationof thett sample.

3. Ertjetsfinal state

Thedatasets selectedvith the samemultijet trigger usedto isolatethe sampleof all-jetstt events
asdescribedbove, butthekinematiceventselectioris replacedy Niets > 4, largelr €& /3 Er >
4 GeVl/?) andAg(Er,jet) > 0.4 rad Thehigh¥r requiremenensureghateventsareconsis-
tent with the presenceof a neutrinofrom the W bosondecay The minimum angulardistance
betweertr andjetsrejectspreferentiallynon-topQCD multijet background Eventswith a good
high transerse-momenturaentralelectronor muonarerejectedin orderto avoid thatthe sample
overlapsthoseusedin othertop productioncrosssectionmeasurementsChe S/B ratio afterkine-
maticselectionis aboutl/5with thett eventselectiorefficiengy of 6.7+1.4%. Finally, atleastone
jetin the eventis requiredto have a SecVixtag, compatiblewith the long lifetime of a B hadron
from thetop decay SecVixtaggingenhance&/B to aboutl/1 with 79+4% efficiengy of accepting
att event. The numberof SecVtxtagsasa function of jet multiplicity is shavn in Figure 1(b).
The excessof tagsin the four or morejets multiplicity binsis attributedto tt signalandassuming
m =175 GeV/c? we measurehe crosssection:oi = 6.1+ 1.2(stab* &3 (sysh *25(lum)  pb.
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Systematiaincertaintiesarefor thelargestpartdueto the uncertaintyon the efficiency of the
multijet trigger (with relative uncertainty+15%). Smallercontritutionsaredueto thebackground
estimateg(+10%),andthe Monte Carlo simulationof thett sample.

4. Combination of tt crosssectionmeasuements

Thett productioncrosssectionis measureavith the CDF 2 detectomusingthedilepton,lepton
plusjetsandall-hadronicfinal statesaswell asusingseveral techniquedor the samefinal state.
Six of thesemeasurement&cludingthreein theleptonplusjetschannel6, 7], onein thedilepton
channel8] andthe two measurementgresentedn this article usingthe all-jets andizr +jetsfinal
statesare combinedto yield the averageCDF tt crosssectionmeasuremerf9]. The averageis
calculatedwith the BLUE method[10, 11, 12], wherewe accountfor statisticaland systematic
correlation,andyields the mostprecisedeterminatiorof thett productioncrosssectionat /s =
1.96 TeVto be[13]: o= 7.1+ 0.6(stat) +0.7(sysh +0.4(lumi) pb.

5. Conclusions

We have measuredhett productioncrosssectionin the all-jets andlargeE; +jetsfinal states.
Both resultsarein agreemenwith the predictionfrom the standardnodel. The resultsare com-
bined with four more measurementssing the CDF 2 detectorand the averagevalue of the tt
productioncrosssectionat \/s= 1.96 TeV is 7.1+ 0.6(stat & 0.7(syst & 0.4(lumi) pb.
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