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1. Introduction

The B¢ is a ground statebc meson,composedf two heaviest quarks,within the standard
modelof particlephysics. Thefirst obsenation of B mesoncamefrom the CDF collaborationin
thesemileptonidecaysB. — J/ v X, attheRunl of the Tevatron.In adatasampleof 110 pb—!
at,/s=1.8TeV CDF obsered20.4 22 signaleventsandmeasure B, massof 6.40+ 0.39(stat)
+ 0.13(sys)GeV/c? [1]. Recentlythe D@ collaborationreporteda preliminaryobserationof a B,
signalin the decaychanneB; — J/Wuv,X, in asampleof 210 pb~! datacollectedin Runli [2].
Owingto lack of masameasuremerin fully reconstructedecaymodestheB. masss lessprecise
thanthetheoreticalprediction. This leavesroomfor future measurement® testlattice QCD and
potentialmodels.

At the TevatronenepiesB. is producedia decayf excited stateswhoseobsenationwould
leadto testof competingmodels.In pp collisionsgluonfusiongg(qq) — (Bc)bc_is the dominant
mechanisnfor B, production,which involves diagramsat O(a#). On the other hand, the B*
productioninvolves diagramsat O(a2). Thusat Tevatronthe productioncross-sectiorior B is
predictedto be ~ 102 smallerthanthatfor B*. Latestcalculationssuggesthis numberto be 7.4
nb[8]. Thedecayof B, occursvia weakdecaysof b-quark(25%)andc-quark(65%) andthe rest
throughweak annihilationdecays[8, 4]. Sincethereis no annihilationdecaychannelfor B, —
hadronsvia gluons,its lifetime is large.

TheCDF Il detectorconsistof amagneticspectrometesurroundedby calorimeterandmuon
chambersndis describedn detailelsavhere[B]. Thecomponentselevantto theB. measurements
are briefly describedhere. The tracking systemis immersedin a 1.4 Teslaaxial magneticfield
andconsistsof a silicon microstripdetector(L00, SVX, ISL, in increasingorderof radius)[6—8]
surroundedby anopen-celwire drift chambe(COT) [9]. Themuondetectorsisedfor thisanalysis
arethe centralmuonchambergCMU), covering the pseudorapidityange|n| < 0.6 [10, d1], and
theextensionmuondrift chambergCMX), covering0.6< |n| < 1.0. Softelectronsareidentifiedas
tracksassociatetb clustersn theCentralElectromagneti€alorimete(CEM), with 2-dimensional
positionmeasuremenprovided by the CentralShaver Maximum detector(CES), a proportional
wire chambeiplacedroughlyatadepthof 6 radiationlengthsin the CEM, nearshaver maximum,
andby the CentralPreradiato(CPR),a planeof multi-wire proportionalchamberssituatedin the
gapbetweerthe solenoidcoil andthe CEM, usedmainly for electronpion separation.

Signalcontrol sampledor thesemeasurementaere collectedusing CDF’s di-muontrigger,
a three-tieredtrigger systemrequiring oppositechaged muon pairsin |n| < 1, pr > 1.5 GeV,
azimuthalopeningangle< 2.5° andinvariantmass2700 < M pair < 4000 MeV/c?. For particle
identificationstudiesD* — D°rtand/A\ — prtsamplesverecollectedusinga two-tracktriggerand
y — e"e~ samplewascollectedusinga singleelectrontriggerwith pr > 8 GeV.

2. Analysis

In thefollowing subsectionsve presentmassmeasuremerdf B in thefully reconstructede-
caymode,B; — J/yr, andratio of branchingractionsin thesemileptoniaecaysB; — J/ypév X,
with ¢ = p or e. Whereaghe former decaymodehasa lower rate and smallerbackgroundsuit-
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ablefor a precisemeasuremenf mass,the latter have larger statisticsand dependon a careful
determinatiorof backgroundor signalestimation.

2.1 Mass M easurement

The B; — J/y1t searchwas performedusing a blind analysismethod. The massvalue of
the J /1 combinationsn the searchwindow 5600< M(J/m) < 7200MeV/c?, referredto asB;
candidatesweretemporarilyhidden.

In orderto optimizethe significanceof a possiblesignal, we variedthe selectioncriteria to
maximizethefunction = S /(1.5+ v/B) [L4]. Here,S is theacceptedractionof signalevents,
in this casetakenfrom a Monte Carlosample andthe background is the numberof accepted,
candidatesTheoptimizedselectiorcriteriawere:

e a quality requirementon the J/t three-track3-D vertex fit (x* < 9 for four degreesof
freedom),

e arequiremenbnthe pion trackcontritution to the vertex fit (x < 2.6),

¢ theimpactparameteof the B, candidatewith respecto the primaryvertex (< 65 um),
e themaximumct wheret is the properdecaytime of the B candidateg< 750 um),

¢ thetransersemomentunof the pion (> 1.8 GeVLc),

e the3-D anglebetweerthe momentunof the B; candidateandthe vectorjoining the primary
to thesecondaryertex (3 < 0.4rad),

e andthe significanceof the projecteddecaylength of the B, candidateonto its trans\erse
momenturrdirection(Lyy/0(Lyxy) > 4.4).

Becausef therelatively long B, lifetime, the 3-trackvertexing is critical to this analysisfor back-
groundrejection.

A sampleof B* mesonsreconstructedn the decaymodeB — J/K, was analyzedas a
controlsamplein orderto checkour understanding@f the reconstructiorof the relevantvariables
in the simulation.

Before“unblinding” the J /Yt massdistribution, a procedureo searchfor a signalpeakwas
defined. This was basedon a scanof the searchregion with a sliding window. Using a set of
Monte Carlo experimentsof the expecteddistribution of maximumz (Zmay), for purebackground
samplgd 3], athresholdof 3.5is obtainedvhich correspondso ~0.1%probabilityfor background
to fluctuateinto signal. We thenappliedthefitting procedurdo the390candidatesn theunblinded
J/Wm massdistribution. This providesa valueof >(m) = S/(1.5+ v/B) asa functionof the mass
in the searchwindow. A maximumvalue of . = 3.6 is found at a massa 6290 MeV/c2.
Probabilityfor the backgroundo give a peakat this valueof Z,ax Wwasestimatedrom the Monte
Carloexperimentsas0.27%.

The final massmeasuremenivas madewith an unbinnedlik elihoodfit, shavn in Figuret_l!.
Systematiaincertaintie®nthe B, massdeterminatioraredueto measuremenincertaintie®nthe
track parameter$+0.3 MeV/c?), themomentunscale(+0.6 MeV/c?), the possibledifferencesn
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Figure 1. Theinvariantmassdistribution of the 3/ candidatesndresultsfrom anunbinnediik elihood
fit.

the pr spectraof theB andB. mesong+-0.5MeV/c?) andourlimited knowledgeof thebackground
shapeusedin thefinal massfit (0.8 MeV/c?). Thetotal systematiaincertaintyis evaluatedo be
+1.1MeV/c?.

We obsere 18.9+ 5.7 signaleventson a backgrouncof 10.0+ 1.4 eventsandthefit to the
J/Wwmmassspectrunyieldsa B, massof 6287.0+ 4.8(stat)+ 1.1(syst)MeV/c?.

2.2 Ratio of Branching Fraction M easurements

The kinematicregion for M(p¥) in the semileptoniadecayof B lies betweerthe J/ mass
andthe B, mass AssumingM (B,) = 6.4GeV/c? wefind thatmostof thesignaleventslie betweerd
and6 GeV, whichis definedasthesearchwindow. Thesearcltonsistof countingthecandidatein
thiswindow andcomparinghemwith theexpectedbackgroundvents.Thesourceof background
arethefollowing:

e Fakep/efromK/m/p
¢ Cornversionelectrongfor theJ/Wwe channel)
e bb events,with b — J/+ X andb — e/u+ X

e Fake J/u, i.e. unrelatedmuonpairswhich appearto have a commonvertex andinvariant
masscloseto theJ /Y

The fake p/e rateis estimatedrom the D*+ — Do — "K 1" and A — prt sampleswhere
the 1, K and p particlesareidentifiedwith certaintyandeventsarecountedby fitting the D® and
A invariantmasspeaks. The probability for a 1, K or p to be identified as a leptonis defined
astheratio betweerthe numberof eventsthat passedill of the leptonidentificationcutsandthe
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Bc — J/yu Bc — J/ye
Fakep/e 16.3+ 2.9 15.43+ 0.31
bb 127+ 1.7+ 5.7 33.63+ 2.20
Corversions N/A 14,54+ 4.38
FakeJ/W 19.0+ 3.0 negligible
FakeJ/p & p -2.0+£ 0.5 negligible
Total background 46.0+ 7.3 63.6+ 4.9
Signalyield 60+ 13 115+ 16+ 14
Significance 5.20 5.%

Table 1: Summaryof backgroundsn the semileptonianalyses

total numberof eventsin the sample. Oncethis rate hasbeenmeasuredit is multiplied by the
probabilityfor thethird trackin thevertex to beat, K or p. This numberis extractedfrom afit to
thedistribution of thetime-of-flight anddE /dx dataandfrom Monte Carlosimulation.

Thebackgroundrom conversionelectronsi.e. thosey — e"e~ eventswhereonly oneelectron
is identifiedandassociatedo the muonpair, is estimatedy evaluating,from a full simulationof
the CDF detectoy the efficiengy for identifying corversions. This efficiency is dependenbn the
momentunof electronslt is thennormalizedto our datasample.

Pairs of b-quarksareproducedhroughthreepartonlevel processesiamelyflavour creation,
gluonsplitting andflavour excitation. Theseprocessearegenerateavith the Pythiaprogram[d4]
andpassedhroughthefull CDF simulationto evaluatethe backgroundrom bb events. Thenthe
numberof sucheventsis normalizedo data,usingtheB — J/YK sample.Therelative contribution
of the threeprocesseén Pythiais checled with data, by fitting the azimuthalangle separation
betweertheJ/ andthep/e.

Finally the numberof fake J/W eventsis estimatedrom the sideband®f the invariantmass
distribution of the J/. Tableil summarizegontrikution of all backgroundsourcessignalevent
yield andtheir significance definedasa poissoniarprobability for the backgroundo fluctuateto
reproduceheobsenedsignal.

FiguresZ and3 shav the invariant massdistributions of signal and backgroundeventsfor,
respectiely, theJ/pp andJ/Pe channels.

By carefullyevaluatingthedetectiorefficiency for signalandreferencechannelwe obtainthe
mainresultsof thesemeasurementsyhich arethe cross-sectiotimesbranchingfractionratios:

0(Bc) x BR(Bc — J/yp)
o(B) x BR(B — J/yK)

— 0.249+ 0.045(stah "3 504(Sysh

and
0(B¢) x BR(B: — J/We)

o(B) < BR(B _ JjpK) ~ O-28%* 0.038(stat) + 0.074(sys?

3. Conclusion

We measurednassandratio of branchingfractionsof the B, mesonusinga 360 pb—* data
samplecollectedby the CDF Il detectorat the TevatronRunll. Theseresultsarecompatiblewith
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Figure2: Theinvariantmasdor theJ/yusignal Figure 3: Theinvariantmassfor the J/ e sig-

data(points)andbackgroundvionte Carlo (his- nal data (points), signal Monte Carlo (dashed

togram)candidates. histogram)andestimatedackgroundsolid his-
togram).

theoryandearliermeasurementsThe massmeasurementn particular is performedin the fully

reconstructedecaychanneB; — J/yrtfor thefirst time with unprecedentegrecision.With over
1 fb~! of accumulatediataon tape,we expectfurtherimprovementson theseresultsin the near
future.
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