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Abstract.

Thelargedatasample®f top quarkcandidatesventscollectedatthe TevatronCDF Il experiment
allow for avarietyof measurement®s analyzetheproductionof thetop quark.Thisarticlediscusses
recentresultsof top quark productionat CDF presentecat the SUSY09 conferencejncluding
updatesto the top pair productioncrosssection,forward-backvard asymmetryin tt production,
singletop searchsearcHor top resonanceandasearcHor heary top. Thediscussedneasurements
utilize upto 3.2 fb~! of integratedluminosity collectedat CDF.
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INTRODUCTION

At the Tevatroncollider atthe FermiNational Accelerator_aboratory protonsandanti-
protonsare collided at a centerof-massenegy of 1.96 TeV. Providing the highest
enepgies currently available at a hadroncollider, the Tevatronis still the only place
wheretop quarksareproduced CDF hasextensvely studiedthe productionanddecays
of the top quark, as precisionmeasurementlave the potentialto reveal nev physics
effects. The focus of this article is on measurementef top quark production(tt and
singletop), forward-backvard asymmetryin top pair production,andsearchesor new
physicseffectsin topresonanceandheavy top quarkproduction Eventsin theanalyses
presentedhereareselectedn thelepton+jetschannel.

MEASUREMENTS

Top Pair Production Cross Section

The SM top quark at the Tevatronis mostly producedin pairs with a theoretical
crosssection predictionof 6.7+ 0.8 pb [1] . The top quark pair production cross
sectionmeasuremens animportanttestof QCD predictionsandis the key to all top
propertymeasurementsjnceit requiresthe understandin@f all backgroundprocesses
in the selectedsampleof candidatetop quark events.In the lepton+jetschannelof
thett decaythe dominantbackgroundsomefrom W bosonproductionin association



with jets, and non-W QCD events. Other backgroundswvhich may have similar final
statesare di-boson,singletop andZ — 11 processesTlhe backgroundsare estimated
usinga combinationof dataand Monte Carlo methods.The excessin dataover these
backgroundss attributedto top pair production.Signalto backgrounddiscrimination
is improved by usinga secondaryertex finding algorithmto reconstrucheavy flavor
decayverticesinsidejets('b-tagging’). At leastoneof thejetsis requiredto betaggedas
a b-jet. To further suppresshe backgroundthe scalarsumof all trans\erseenegiesin
theevent,Hr, is requiredto exceed250 GeV. Using 3.2 b1 of integratedluminosity,
the top pair productioncross-sectioris measuredo be 7.2+ 0.4(stat) £ 0.5(syst) +
0.4(lumi) pb. Another measurementisesa neuralnetwork techniqueto discriminate
betweentop pair productionand backgroundprocessesn the samedatasampleand
measureshis crosssectionto be 7.0+ 0.4(stat) 4 0.4(syst) +0.4(Iumi) ph.

The dependencen the luminosity measuremenrandits associatedarge systematic
uncertaintyis significantlyreducedoy computingthe ratio of thett to Z crosssection,
measuredusing the sametriggers and dataset.This ratio is then multiplied by the
theoreticalZ crosssection. The final tt crosssection,assuminga top massof 175
GeV/c? , is measuredo 7.0+ 0.4(stat) 4 0.6(syst & 0.1(theory) pb usingthe secondary
vertex findingmethod,and6.8+ 0.4(stat) + 0.4(syst) 4+ 0.1(theory) pb usingtheneural
network technique.

Single Top Quark Production

Severalsearchesor singletop quarkproductionhave beenperformedat CDF usinga
variety of techniquesuchasneuralnetwork andboostedlecisiontrees.Theseanalyses
are combinedin a procedureusing evolved neuralnetworks (NEAT). This procedure
getsas an input the discriminantsof the differentindividual analyseson an event by
eventbasisandoutputsa “superdiscriminantfor eachevent. An analysisthatlooksfor
a signatureof missingtrans\erseenegy + jets, unlike the othertechniqueghat look
for a chaged lepton + missingenepy + jetsis combinedwith the superdiscriminant
from the othermeasurementsiter. For the s-channe(time-like productionin Feynman
diagram)andt-channel(space-lile productionin Feynmandiagram)searchthe combi-
nationachiezesan expectedp-valueof 5.90. This p-valueis the probability of making
an obsenation as significantas this one, assumingno single top production.The ob-
senedp-valueis 5.0, Theobsenedp-valueof 5.00 leadsusto concludethatwe have
obsenred single top quark production.A fit for the combineds+t channelsingle top
quarkproductionrateyields a cross-sectiomf 2. 3*0 6 s pb. Becausehe cross-sections
directly proportionalto the CKM matrix eIemean the strengthof the V;, vertex can
beextractedirom themeasuredrosssection.The CKM matrix elemeni;y, is measured
|Vip| = 0.91+0.11(experiment) £+ 0.07(theory). Thetheoreticalincertaintiesirisefrom
the crosssectiondependencen the top quarkmass partondistribution functions,fac-
torization and renormalizationscales,and as. This obsenation is describedin detail
in [2].



Forward-Backward Asymmetry in tt Events

Several theoriesbeyond the SM predicta sizableforward backward asymmetryIn
addition,QCD at NLO predictsa non-zeroasymmetryin qg — tt events[3]. Because
top quarkpair productionwill be dominatedby gluonfusionat the LHC, the Tevatron
is a unigueplaceto studytheseeffectswherethe top pairsaremostly producedvia qq
annihilation. Two independentechniquesvereappliedin this measuremengachin a
differentcenterof-masdrame: pp andtt. Thetwo framesdiffer in thatthemeasurement
in the pp frameis lesssensitveto biasor dilution from the experiment.andthatin thett
frameis moresensitve to the QCD predictedasymmetryA modelindependentinfold-
ing is usedin the pp frameanda lik elihoodfit to a linearasymmetryin the production
angle(1+ Acosa) is usedin thett frame. The measurecasymmetrywith 3.2fb~1 is
Ay = 0.193+ 0.065 stat) +0.024(syst ), comparedo the small chage asymmetryex-
pectedn QCDatNLO, Asp = 0.05+0.015.

Sear ch for Heavy Top-like Quarks

Using 2.8fb™! of integratedluminosity CDF searchesor pair productionof a new
heary top-like quark(t’). A forth chiral generatiorof massve fermionsis predictedin
anumberof models,suchastwo-Higgs-doublescenarioandN=2 SUSY models[4].
A smallmasssplitting betweemew heary t’ andb’ quarksis preferred thust’ decays
predominantiyto aW bosonandadown-typequark(g=d,s,b) Suchheary exotic quarks
are presentin othermodelsaswell, like the beautiful mirrors [5], while a heavy top
quarkalsoappearsn little Higgsmodels[6]. Assumingthis new quarkis pair-produced
strongly hasamasgyreatethanthetop quarkmassanddecaygpredominantiyto Wq, its
eventsignaturevould mimic thatof thetop pair production.To distinguishthet’ signal
from the SM backgroundsa 2D fit to thet’ reconstructeagnassandthe scalarsum of
thetotaltrans\erseenegy (Hr) is performedNo evidenceof t’ is obsenedandthe 95%
CL upperlimit onthet’ productionrateis set,excludingat’ quarkwith a massbelow
311Gev/c? whencomparingwith theoreticaprediction[7], asshavn in Figurel.

M easurement of thett differential cross section, do/dM

In severalmodelsof beyondthe SM physicsgaugeinteractionscanproducemassve
particleswhich may couple strongly to the top quark. Such particlesmay produce
resonance theinvariantmassdistribution of thetop quarkviaa pp — X — tt process,
or mayinterferewith the SM processandcausedistortionsto the shapeof theinvariant
massdistribution [8]. The consisteng of this measuremenwith the SM is established
by comparingthe value of the Anderson-Darlingeststatisticobseredin the dataand
in SM-only pseudo-gperimentsfrom Monte carlo simulations.The p-value for this
measuremenin the SM-only hypothesisis 34%. A limit is thenseton the k /My, in
the RS modelof k /M >0.16at 95% CL by studyingthe couplingof KK gravitonsto

top quarks wherethe massof thefirst resonancés 600 GeV/c?.



FIGURE 1. Upperlimit, at95%CL, ontheproductionratefor t' asafunctionof thet’ mass(red).the
purplecurveis thetheoreticatross-sectionrhedark(light) bluebandrepresentthe+10 (+20) contour
ontheexpectedrate.

CONCLUSIONS

CDF hasanongoingrich programof top quarkproductionandpropertyanalysesywhich
all becomehigh precisionmeasurementasthe top quarkcandidatedatasampleseep
gettinglarger No evidencefor New Physicshave beenfoundwith the currentdatasets,
however, someof thesemeasuremergrovide constraint®n severalbeyondthe Standard
Modeltheories.
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