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Abstract.
Thelargedatasamplesof topquarkcandidateeventscollectedattheTevatronCDFII experiment

allow for avarietyof measurementsto analyzetheproductionof thetopquark.Thisarticlediscusses
recentresultsof top quark productionat CDF presentedat the SUSY09 conference,including
updatesto the top pair productioncrosssection,forward-backward asymmetryin tt̄ production,
singletopsearch,searchfor topresonancesandasearchfor heavy top.Thediscussedmeasurements
utilize up to 3.2 f b

� 1 of integratedluminositycollectedatCDF.
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INTRODUCTION

At theTevatroncolliderat theFermiNationalAcceleratorLaboratory, protonsandanti-
protonsare collided at a center-of-massenergy of 1.96 TeV. Providing the highest
energies currently available at a hadroncollider, the Tevatron is still the only place
wheretop quarksareproduced.CDF hasextensively studiedtheproductionanddecays
of the top quark,asprecisionmeasurementshave the potentialto reveal new physics
effects.The focus of this article is on measurementsof top quarkproduction(tt̄ and
singletop), forward-backwardasymmetryin top pair production,andsearchesfor new
physicseffectsin topresonancesandheavy topquarkproduction.Eventsin theanalyses
presentedhereareselectedin thelepton+jetschannel.

MEASUREMENTS

Top Pair Production Cross Section

The SM top quark at the Tevatron is mostly producedin pairs with a theoretical
crosssectionprediction of 6� 7 �

0� 8 pb [1] . The top quark pair productioncross
sectionmeasurementis an importanttestof QCD predictionsandis the key to all top
propertymeasurements,sinceit requirestheunderstandingof all backgroundprocesses
in the selectedsampleof candidatetop quark events. In the lepton+jetschannelof
the tt̄ decaythedominantbackgroundscomefrom W bosonproductionin association



with jets, and non-W QCD events.Other backgroundswhich may have similar final
statesaredi-boson,singletop andZ � ττ processes.The backgroundsareestimated
usinga combinationof dataandMonte Carlo methods.The excessin dataover these
backgroundsis attributedto top pair production.Signal to backgrounddiscrimination
is improvedby usinga secondaryvertex finding algorithmto reconstructheavy flavor
decayverticesinsidejets(’b-tagging’).At leastoneof thejetsis requiredto betaggedas
a b-jet.To furthersuppressthebackground,thescalarsumof all transverseenergiesin
theevent,HT , is requiredto exceed250GeV. Using3.2 f b � 1 of integratedluminosity,
the top pair productioncross-sectionis measuredto be 7� 2 �

0� 4 � stat � �
0� 5 � syst � �

0� 4 � lumi � pb. Another measurementusesa neuralnetwork techniqueto discriminate
betweentop pair productionand backgroundprocessesin the samedatasampleand
measuresthis crosssectionto be7� 0 �

0� 4 � stat � �
0� 4 � syst � �

0� 4 � lumi � pb.
The dependenceon the luminosity measurementandits associatedlarge systematic

uncertaintyis significantlyreducedby computingtheratio of the tt̄ to Z crosssection,
measuredusing the sametriggers and dataset.This ratio is then multiplied by the
theoreticalZ crosssection.The final tt̄ crosssection,assuminga top massof 175
GeV/c2 , is measuredto 7� 0 �

0� 4 � stat � �
0� 6 � syst

�
0� 1 � theory � pbusingthesecondary

vertex findingmethod,and6� 8 �
0� 4 � stat � � 0� 4 � syst � � 0� 1 � theory � pbusingtheneural

network technique.

Single Top Quark Production

Severalsearchesfor singletopquarkproductionhavebeenperformedatCDFusinga
varietyof techniquessuchasneuralnetwork andboosteddecisiontrees.Theseanalyses
arecombinedin a procedureusingevolved neuralnetworks (NEAT). This procedure
getsasan input the discriminantsof the different individual analyseson an event by
eventbasisandoutputsa “superdiscriminant”for eachevent.An analysisthatlooksfor
a signatureof missingtransverseenergy + jets, unlike the other techniquesthat look
for a charged lepton+ missingenergy + jets is combinedwith the superdiscriminant
from theothermeasurementslater. For thes-channel(time-likeproductionin Feynman
diagram)andt-channel(space-like productionin Feynmandiagram)searchthecombi-
nationachievesanexpectedp-valueof 5� 9σ . This p-valueis theprobabilityof making
an observation assignificantas this one,assumingno single top production.The ob-
servedp-valueis 5� 0σ , Theobservedp-valueof 5� 0σ leadsusto concludethatwehave
observed single top quark production.A fit for the combineds+t channelsingle top
quarkproductionrateyieldsa cross-sectionof 2� 3� 0� 6� 0� 5 pb. Becausethecross-sectionis
directly proportionalto theCKM matrix elementVtb , thestrengthof theVtb vertex can
beextractedfrom themeasuredcrosssection.TheCKM matrixelementVtb is measured	
Vtb

	�

0� 91

�
0� 11� experiment � � 0� 07� theory � . Thetheoreticaluncertaintiesarisefrom

thecrosssectiondependenceon thetop quarkmass,partondistribution functions,fac-
torization and renormalizationscales,and αs. This observation is describedin detail
in [2].



Forward-Backward Asymmetry in tt̄ Events

Several theoriesbeyond the SM predicta sizableforward backward asymmetry. In
addition,QCD at NLO predictsa non-zeroasymmetryin qq̄ � tt̄ events[3]. Because
top quarkpair productionwill bedominatedby gluon fusionat theLHC, theTevatron
is a uniqueplaceto studytheseeffectswherethe top pairsaremostlyproducedvia qq̄
annihilation.Two independenttechniqueswereappliedin this measurement,eachin a
differentcenter-of-massframe:pp̄ andtt̄. Thetwo framesdiffer in thatthemeasurement
in thepp̄ frameis lesssensitiveto biasor dilution from theexperiment,andthatin thett̄
frameis moresensitiveto theQCDpredictedasymmetry. A modelindependentunfold-
ing is usedin the pp̄ frameanda likelihoodfit to a linearasymmetryin theproduction
angle � 1 � Acosα � is usedin the tt̄ frame.The measuredasymmetrywith 3.2f b � 1 is
Afb



0� 193

�
0� 065� stat � �

0� 024� syst � , comparedto thesmall charge asymmetryex-
pectedin QCDat NLO, A f b



0� 05

�
0� 015.

Search for Heavy Top-like Quarks

Using 2.8f b � 1 of integratedluminosity CDF searchesfor pair productionof a new
heavy top-like quark(t  ). A forth chiral generationof massive fermionsis predictedin
a numberof models,suchastwo-Higgs-doubletscenariosandN=2 SUSYmodels[4].
A smallmasssplitting betweennew heavy t  andb quarksis preferred,thust  decays
predominantlyto aW bosonandadown-typequark(q=d,s,b).Suchheavy exotic quarks
arepresentin othermodelsaswell, like the beautifulmirrors [5], while a heavy top
quarkalsoappearsin little Higgsmodels[6]. Assumingthisnew quarkis pair-produced
strongly, hasamassgreaterthanthetopquarkmassanddecayspredominantlytoWq, its
eventsignaturewouldmimic thatof thetop pair production.To distinguishthet  signal
from the SM backgrounds,a 2D fit to the t  reconstructedmassandthe scalarsumof
thetotal transverseenergy (HT ) is performed.No evidenceof t  is observedandthe95%
CL upperlimit on the t  productionrateis set,excludinga t  quarkwith a massbelow
311Gev � c2 whencomparingwith theoreticalprediction[7], asshown in Figure1.

Measurement of the tt̄ differential cross section, dσ � dMtt̄

In severalmodelsof beyondtheSM physicsgaugeinteractionscanproducemassive
particleswhich may couple strongly to the top quark. Such particlesmay produce
resonancesin theinvariantmassdistributionof thetopquarkvia a pp̄ � X � tt̄ process,
or mayinterferewith theSM processandcausedistortionsto theshapeof theinvariant
massdistribution [8]. Theconsistency of this measurementwith theSM is established
by comparingthevalueof theAnderson-Darlingteststatisticobserved in thedataand
in SM-only pseudo-experimentsfrom Monte carlo simulations.The p-value for this
measurementin the SM-only hypothesisis 34%. A limit is thenseton the κ � Mpl in
theRSmodelof κ � Mpl>0.16at 95%CL by studyingthecouplingof KK gravitons to
topquarks,wherethemassof thefirst resonanceis 600GeV/c2.
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FIGURE 1. Upperlimit, at 95%CL, on theproductionratefor t’ asa functionof thet’ mass(red).the
purplecurveis thetheoreticalcross-section.Thedark(light) bluebandrepresentsthe m 1σ ( m 2σ ) contour
on theexpectedrate.

CONCLUSIONS

CDFhasanongoingrich programof topquarkproductionandpropertyanalyses,which
all becomehigh precisionmeasurementsasthetop quarkcandidatedatasampleskeep
gettinglarger. No evidencefor New Physicshave beenfoundwith thecurrentdatasets,
however, someof thesemeasurementprovideconstraintsonseveralbeyondtheStandard
Model theories.
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