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Finding the Charge of the top quark in the Dilepton Channel
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Abstract. Thereis aquestionabouttheidentityof thetopquark.Is it thetopquarkof theStandardModel (SM) with electric
charge 2

3 or is it anexotic quarkwith charge- 4
3?An exotic quarkhasbeenproposedby D. Changet al � [1]. Thisanalysiswill

usethe standardCDF run II dileptonsample.The key ingredientsof this analysisarethe correctpairing of the leptonand
b-jet, thedeterminationof thechargeof theb-jet.Theanalysisproceedsby usinga binomialdistributionandis formulatedso
thatrejectingonehypothesismeanssupportfor theotherhypothesis.
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INTRODUCTION

In theSM thetop quarkdecaysimmediatelyinto t � W
�

b, while in theExotic Model (EM) into t � W � b (andcc).
We measurethechargeof theleptonwhich is thesameasthatof it’s parent(W ). In thetop modelof D. Changet al �
theexotic quarkis partof adoubletwith theotherquark("top") having amassof 230GeVor higher. Weareinterested
in establishingwhetherthequarkweobserve(top)haselectriccharge 2

3 or - 4
3 independentof any model.Thesignature

for theSM is thattheleptonandtheassociatedb haveoppositecharges(either-+ or +-), while in the(EM) they have
thesamecharges(either++ or –).

We planto look at thedileptonsamplefor anintegratedluminosity= 1 fb � 1. Thepresentdileptonsamplecontains
64 eventsandcorrespondsto anintegratedluminosityof 0.75fb � 1.

KEY INGREDIENTS

Therearetwo key ingredientsto themethod.First,weneedto know how to do thepairingbetweentheleptonandthe
b-jet.Thetop masshasbeendeterminedusinga kinematicmethod[2]. In thekinematicmethoda setof equationsis
obtainedfrom themeasuredmomentumof theb-quarksandleptons,thetwo componentsof themeasuredmissingEt ,
andassumptionsaboutthesix final-stateparticlesmasses,anadditionalconstrainton thelongitudinalmomentumof
thett system,andconstraintson thedecaysof theW , t, andt. Thesystemin generalhas8 solutions,at thefinal stage
therearetwo solutionsleft, we choosethe solutionwhich hasthe largestnumberof entriesascorrespondingto the
correctpairing.Second,we needto find thechargeof theb-jet. We determinethechargeof theb-quarkby looking at
thechargeof theparticlescomingfrom theb-jet. Thefollowing equationis used:

Qjet 	 ∑tracks qi

���
Pi 
 � �Pjet � 0 � 5

∑tracks

���
Pi 
 � �Pjet � 0 � 5 (1)

CHARGE SYMMETRY

We will refer to the reconstructedchargedistribution asPb(x). Thecorrespondingsymmetryrelationis Pb = Pb(-x).
We usethevariabletQ = � x+lQ � wherex is thereconstructedb-jet chargeandlQ is thechargeof thepairedlepton.In
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FIGURE 1. Reconstructedb � b � jet chargedistribution.

Fig. 1 (thex-axis is Qjet asdefinedby Eq. 1) we show theb (b) chargedistribution obtainedfrom thePythiaMonte
Carlofor a top massof 175GeV/c2.

BASIC EQUATION

The charge of the top quark is relatedto the correctpairing of the leptonandthe b-quarkandknowing the charge
probabilitydistribution of theb-jet.Plb is theprobability for thecorrectpairingof theleptonandtheb-jet.Whenthe
pairing is alwayscorrecttheprobabilitydistribution of thevariabletQ is relatedto theprobabilitydistribution of the
b-quark:P(tQ) = Pb



tQ � 1� . Thiscanbegeneralizedto:

P


tQ � 	 PlbPb



tQ � 1��� 


1 � Plb � Pb


1 � tQ � � (2)

Thecorrespondingequationfor theexotic hypothesisis:

PEx 
 tQ � 	 PlbPb


1 � tQ ��� 


1 � Plb � Pb


tQ � 1� � (3)

Weformulatetheproblemof determiningthechargeof thetopquarkasaproblemin binomialstatistics.Wedefinethe
charge of the b-jet to be - 1

3 if the reconstructedb-jet (b-jet) charge is less(greater)than 0. For the Pythia charge
distribution shown in Fig.1 this is the correctdetermination63.0 � 1.3% of the time. The problemof correctly
associatingthe b-jet andand the lepton is a problemthat we have solved in our kinematicanalysisof the t quark
mass.The smeareddistribution of the two possiblepairingsarecomparedand the onewith the largestnumberof
entriesis selected.Thecorrectsolutionis found70%of thetime.

WedefineP
���

to betheprobabilityto measuretopcharge+2
3 giventhattheSM is trueandP

� � to betheprobability
to measuretop charge- 4

3 giventheSM is true.For aperfectexperimentP
� � wouldbe0.

P
��� 	 Pcharge

b Plb � 

1 � Pcharge

b � 
 1 � Plb � (4)

For thenumbersgivenwehaveP
���

= 0.63� 0.7+(1-0.63)(1-0.7)= 0.55.

BINOMIAL STATISTICS

Theprobability to observe N
���

or lesspairsout of N pairs(whereeachpair containsa leptonandb-jet which have
oppositecharge)is:

P


N
��� � 	 N ���

∑
i � 0

�
N
i  


P
��� � i 
 1 � P

��� � N � i (5)



BACKGROUNDS

Wehaveverifiedthattheprobabilityfor measuringtQ in backgroundeventsis 50%by runningonMonteCarloevents.
ThethreebackgroundprocessesareDrell-Yan,W � lν + jets(wherethejet fakesalepton)andDibosons.Ourformula
is modifiedto includebackgrounds:

P
���
bkg 	 P

���
ftop � 0 � 5 fbkg (6)

Our expectationis that62%of theeventswill besignaland38%background.ThusP
���
bkg = 0.55� 0.62+ 0.5 � 0.38

= 0.53

IMPROVING THE LEPTON b PAIRING

Thesquareof theinvariantmassof theleptonandtheb canbeeasilycalculated.Thereare4 possiblevaluesasthere
aretwo leptonsandtwo jets.Two of thecombinationsareassociatedwith thecorrectpairingandtwo with theincorrect
pairing.By runningaMonteCarlowecanseewhichpairingsarecorrectandwhichareincorrect.It turnsout thatonly
incorrectpairingareobservedat very high valuesof the invariantmass.This meanstheothersolutionis the correct
one.Usingacutvalueof 22000GeV2/c4 allowsoneto selecta samplethathasa97%probabilityof beingthecorrect
pairing.Theefficiency of this cut is only 40%.We call this methodM2

lb � max.

FIGURE OF MERIT

How canwe comparedifferentmethods?For exampleis it betterto usethe kinematicmethodor the M2
lb � max? The

figureof merit is εD2. Theefficiency is ε andtheDilution is D. TheDilution D = 2 � Purity-1.Thusthefigureof merit
for theM2

lb � max methodis 0.40� (2 � 0.97-1)2 = 0.35,andthefigureof merit for thekinematicmethodis 1.0 � (2 � 0.7
-1)2 = 0.16.For thekinematicmethodtheefficiency is muchhigher, but thepurity is lowerandwefind theM2

lb � max is
morethana factorof 2 better.

PLANS

Themostdifficult partof theanalysiswill beto useCalibrationdata(QCDbb dijets)to obtainb-jetchargedistribution
andto extrapolatethesedataso that we understandthe b-jet charge distribution at high pt . It will be interestingto
comparetheseresultswith Fig.1.We plan to make measurementsin thedileptonchannelandalsoin the leptonplus
jet channel.
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