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Abstract. Thereis aquestionabouttheidentity of thetop quark.ls it thetop quarkof the StandardVodel (SM) with electric

chage % oris it anexotic quarkwith chage-‘g‘?An exotic quarkhasbeenproposedy D. Changet al.[1]. Thisanalysiswill
usethe standardCDF run Il dileptonsample.The key ingredientsof this analysisarethe correctpairing of the leptonand
b-jet, the determinatiorof the chage of theb-jet. Theanalysisproceedsy usinga binomialdistribution andis formulatedso
thatrejectingonehypothesisneanssupportfor the otherhypothesis.
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INTRODUCTION

In the SM thetop quarkdecaysmmediatelyintot — Wb, while in the Exotic Model (EM) intot — W~b (andcc).
We measurdghe chage of theleptonwhichis the sameasthatof it's parent(W). In the top modelof D. Changet al.
theexotic quarkis partof adoubletwith the otherquark("top") having amassof 230GeV or higher We areinterested
in establishingvhetherthequarkwe 0bser\e(top)haselectricchage% or —% independentf any model.Thesignature
for the SM is thattheleptonandthe associateth have oppositechages(either-+ or +-), while in the (EM) they have
thesamechages(either++ or —).

We planto look at the dileptonsamplefor anintegratedluminosity= 1 fo—. The presentlileptonsamplecontains
64 eventsandcorrespondso anintegratedluminosityof 0.75fb 1.

KEY INGREDIENTS

Therearetwo key ingredientgo the method First, we needto know how to do the pairingbetweertheleptonandthe
b-jet. Thetop masshasbeendeterminedisinga kinematicmethod[2]. In the kinematicmethoda setof equationss
obtainedfrom the measureanomentunof theb-quarksandleptons thetwo component®f the measurednissingk;,
andassumptionsiboutthe six final-stateparticlesmassesan additionalconstrainton the longitudinalmomentumof
thett systemandconstrainton the decaysof theW, t, andf. The systemin generahas8 solutionsatthefinal stage
therearetwo solutionsleft, we choosethe solutionwhich hasthe largestnumberof entriesascorrespondindo the
correctpairing. Secondwe needto find the chage of the b-jet. We determinghe chaige of the b-quarkby looking at
thechageof the particlescomingfrom the b-jet. Thefollowing equationis used:

_ Ytracksdi (ﬁl) : %)O'S

Qjet = (1)
et Ztracks(ﬁl ' %)0'5
CHARGE SYMMETRY

We will referto the reconstructeahage distribution asPy(x). The correspondingymmetryrelationis P, = Py(-X).
We usethevariabletg = | x+lg | wherex is thereconstructed-jet chageandlq is the chage of the pairedlepton.In



reconstructed charge for b matched | BMatched

Entries 1171
Mean -0.09767
RMS 0.3975
X2/ ndf 133.5/40
Constant 538+21
Mean -0.09042 + 0.01014
Sigma 0.3105 + 0.0077

reconstructed charge for bbar matched |

Entries 19
Mean 0.1202
RMS 0.4045
x*/ ndf 139.4/41
Constant 5372+ 211
Mean 0.1017 + 0.0104
Sigma 03165+ 00082

FIGURE 1. Reconstructeti(b) jet chage distribution.

Fig. 1 (the x-axisis Qja asdefinedby Eq. 1) we shawv the b (b) chage distribution obtainedfrom the PythiaMonte
Carlofor atop massof 175GeV/c?.

BASIC EQUATION

The chage of the top quarkis relatedto the correctpairing of the leptonandthe b-quarkandknowing the chage
probability distribution of the b-jet. Py, is the probability for the correctpairing of theleptonandthe b-jet. Whenthe
pairingis alwayscorrectthe probability distribution of the variabletq is relatedto the probability distribution of the
b-quark:P(g) = Py(to — 1). This canbegeneralizedo:

P(tq) = PibPb(to — 1) + (1= Pip)Po(1 —tg). )
The correspondingquatiorfor the exotic hypothesigs:
PF*(tg) = PibPo(1—tg) + (1 — Pip)Ps(tg — 1). (3)

We formulatethe problemof determininghe chageof thetop quarkasa problemin binomialstatisticsWe definethe
chage of the b-jet to be -% if the reconstructed-jet (b-jet) chage is less(greateryhan 0. For the Pythia chage
distribution shavn in Fig.1 this is the correctdetermination63.0 + 1.3% of the time. The problemof correctly
associatinghe b-jet and andthe leptonis a problemthat we have solved in our kinematicanalysisof thet quark
mass.The smearedlistribution of the two possiblepairingsare comparedand the onewith the largestnumberof
entriesis selectedThe correctsolutionis found 70% of thetime.

We defineP™ to betheprobabilityto measuraop chalge+% giventhatthe SMis trueandP*~ to betheprobability

to measuregop chage-% giventhe SM is true. For a perfectexperimentP™~ would be 0.
P = PR, + (1 P9 (1-Py) 4
For thenumberggivenwe have P+ = 0.63x 0.7 +(1-0.63)(1-0.7) 0.55.

BINOMIAL STATISTICS

The probability to obsere N** or lesspairsout of N pairs (whereeachpair containsa leptonandb-jet which have
oppositechage)is:

PN*) = N; (1) Era—pe ©)



BACKGROUNDS

We have verifiedthatthe probabilityfor measurindg in backgroundeventsis 50%by runningon Monte Carloevents.
ThethreebackgroungrocesseareDrell-Yan,W — v + jets(wherethejet fakesalepton)andDibosonsOurformula
is modifiedto includebackgrounds:

Our expectationis that 62% of the eventswill be signaland38% backgroundThungkg =0.55x0.62+ 0.5x0.38
=0.53

IMPROVING THE LEPTON b PAIRING

The squareof theinvariantmassof theleptonandthe b canbe easilycalculated Thereare4 possiblevaluesasthere
aretwo leptonsandtwo jets. Two of thecombinationsareassociatewvith thecorrectpairingandtwo with theincorrect
pairing.By runninga Monte Carlowe canseewhich pairingsarecorrectandwhich areincorrect.lt turnsoutthatonly
incorrectpairing areobsened at very high valuesof the invariantmass.This meansthe othersolutionis the correct
one.Usinga cutvalueof 22000GeVZ/c* allows oneto selecta samplethathasa 97% probability of beingthe correct
pairing. The efficiency of this cutis only 40%.We call this methodM |2b_max.

FIGURE OF MERIT

How canwe comparedifferentmethodsor exampleis it betterto usethe kinematicmethodor the M3, .. ? The
figureof meritis eD?. Theefficiency is £ andthe Dilution is D. TheDilution D = 2x Purity-1. Thusthefigureof merit
for the Mlzb—rrax methodis 0.40x (2x0.97-1)? = 0.35,andthefigure of merit for the kinematicmethodis 1.0x (2x0.7
-1)? = 0.16.For thekinematicmethodthe efficiency is muchhigher, but the purity is lower andwe find theMIZb—rrax is

morethanafactorof 2 better

PLANS

Themostdifficult partof theanalysiswill beto useCalibrationdata(QCD bb dijets)to obtainb-jet chagedistribution
andto extrapolatethesedataso that we understandhe b-jet chage distribution at high p;. It will be interestingto
comparetheseresultswith Fig.1. We planto make measurements the dileptonchannelandalsoin the leptonplus
jetchannel.
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