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1. Introduction

The Bc is a groundstateb̄c meson,composedof two heaviest quarks,within the standard
modelof particlephysics. Thefirst observationof Bc mesoncamefrom theCDF collaborationin
thesemileptonicdecays,Bc 	 J 
 ψ� ν� X, at theRunI of theTevatron.In adatasampleof 110pb
 1

at � s= 1.8TeV CDFobserved20.4� 6 � 2

 5 � 5 signaleventsandmeasuredaBc massof 6.40 � 0.39(stat)

� 0.13(sys)GeV/c2 [1]. Recently, theDØ collaborationreportedapreliminaryobservationof aBc

signalin thedecaychannelBc 	 J 
 ψµνµX, in a sampleof 210 pb
 1 datacollectedin RunII [2].
Owingto lackof massmeasurementin fully reconstructeddecaymodes,theBc massis lessprecise
thanthetheoreticalprediction.This leavesroomfor futuremeasurementsto testlatticeQCD and
potentialmodels.

At theTevatronenergiesBc is producedvia decaysof excitedstates,whoseobservationwould
leadto testof competingmodels.In pp̄ collisionsgluonfusiongg� qq̄� 	 � b̄c� bc̄ is thedominant
mechanismfor Bc production,which involves diagramsat ��� α4

s � . On the other hand, the B�
productioninvolvesdiagramsat ��� α2

s � . Thusat Tevatronthe productioncross-sectionfor Bc is
predictedto be � 10
 3 smallerthanthatfor B� . Latestcalculationssuggestthis numberto be7.4
nb [3]. Thedecayof Bc occursvia weakdecaysof b-quark(25%)andc-quark(65%)andtherest
throughweakannihilationdecays[3, 4]. Sincethereis no annihilationdecaychannelfor Bc 	
hadronsvia gluons,its lifetime is large.

TheCDFII detectorconsistsof amagneticspectrometersurroundedby calorimetersandmuon
chambersandis describedin detailelsewhere[5]. Thecomponentsrelevantto theBc measurements
arebriefly describedhere. The trackingsystemis immersedin a 1.4 Teslaaxial magneticfield
andconsistsof a silicon microstripdetector(L00, SVX, ISL, in increasingorderof radius)[6 –8]
surroundedby anopen-cellwire drift chamber(COT) [9]. Themuondetectorsusedfor thisanalysis
arethecentralmuonchambers(CMU), covering thepseudorapidityrange �η � < 0.6 [10, 11], and
theextensionmuondrift chambers(CMX), covering0.6< �η � < 1.0.Softelectronsareidentifiedas
tracksassociatedtoclustersin theCentralElectromagneticCalorimeter(CEM),with 2-dimensional
positionmeasurementprovided by the CentralShower Maximum detector(CES),a proportional
wire chamberplacedroughlyatadepthof 6 radiationlengthsin theCEM, nearshowermaximum,
andby theCentralPreradiator(CPR),a planeof multi-wire proportionalchamberssituatedin the
gapbetweenthesolenoidcoil andtheCEM, usedmainly for electronpionseparation.

Signalcontrol samplesfor thesemeasurementswerecollectedusingCDF’s di-muontrigger,
a three-tieredtrigger systemrequiring oppositecharged muon pairs in �η � < 1, pT > 1.5 GeV,
azimuthalopeningangle< 2.5� and invariantmass2700< Mpair < 4000MeV/c2. For particle
identificationstudiesD

� 	 D0π andΛ 	 pπ sampleswerecollectedusinga two-tracktriggerand
γ 	 e� e
 samplewascollectedusingasingleelectrontriggerwith pT > 8 GeV.

2. Analysis

In thefollowing subsectionswepresentmassmeasurementof Bc in thefully reconstructedde-
caymode,Bc 	 J 
 ψπ, andratioof branchingfractionsin thesemileptonicdecays,Bc 	 J 
 ψ� ν� X,
with � = µ or e. Whereasthe former decaymodehasa lower rateandsmallerbackground,suit-
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ablefor a precisemeasurementof mass,the latter have larger statisticsanddependon a careful
determinationof backgroundfor signalestimation.

2.1 Mass Measurement

The Bc 	 J 
 ψπ searchwas performedusing a blind analysismethod. The massvalue of
theJ 
 ψπ combinationsin thesearchwindow 5600< M � J 
 ψπ � < 7200MeV/c2, referredto asBc

candidates,weretemporarilyhidden.
In order to optimizethe significanceof a possiblesignal,we variedthe selectioncriteria to

maximizethefunctionΣ � SF 
�� 1� 5 � � B� [12]. Here,SF is theacceptedfractionof signalevents,
in this casetakenfrom a MonteCarlosample,andthebackgroundB is thenumberof acceptedBc

candidates.Theoptimizedselectioncriteriawere:

� a quality requirementon the J 
 ψπ three-track3-D vertex fit (χ2 < 9 for four degreesof
freedom),

� a requirementon thepion trackcontribution to thevertex fit (χ2
π < 2.6),

� theimpactparameterof theBc candidatewith respectto theprimaryvertex (< 65µm),

� themaximumcτ wheret is theproperdecaytimeof theBc candidate(< 750µm),

� thetransversemomentumof thepion (> 1.8GeV/c),

� the3-D anglebetweenthemomentumof theBc candidateandthevectorjoining theprimary
to thesecondaryvertex (β < 0.4rad),

� and the significanceof the projecteddecaylength of the Bc candidateonto its transverse
momentumdirection(Lxy 
 σ � Lxy � > 4.4).

Becauseof therelatively longBc lifetime, the3-trackvertexing is critical to thisanalysisfor back-
groundrejection.

A sampleof B� mesons,reconstructedin the decaymodeB 	 J 
 ψK, was analyzedas a
controlsamplein orderto checkour understandingof thereconstructionof therelevantvariables
in thesimulation.

Before“unblinding” theJ 
 ψπ massdistribution, a procedureto searchfor a signalpeakwas
defined. This wasbasedon a scanof the searchregion with a sliding window. Using a setof
MonteCarloexperimentsof theexpecteddistribution of maximumΣ (Σmax), for purebackground
sample[13], athresholdof 3.5is obtainedwhichcorrespondsto � 0.1%probabilityfor background
to fluctuateinto signal.Wethenappliedthefitting procedureto the390candidatesin theunblinded
J 
 ψπ massdistribution. This providesa valueof Σ � m� � S
!� 1� 5 � � B� asa functionof themass
in the searchwindow. A maximumvalue of Σmax = 3.6 is found at a mass � 6290 MeV/c2.
Probabilityfor thebackgroundto give a peakat this valueof Σmax wasestimatedfrom theMonte
Carloexperimentsas0.27%.

The final massmeasurementwasmadewith an unbinnedlikelihoodfit, shown in Figure1.
SystematicuncertaintiesontheBc massdeterminationaredueto measurementuncertaintiesonthe
trackparameters( � 0.3MeV/c2), themomentumscale( � 0.6MeV/c2), thepossibledifferencesin
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Figure 1: The invariantmassdistribution of theJ � ψπ candidatesandresultsfrom anunbinnedlikelihood
fit.

thepT spectraof theB andBc mesons( � 0.5MeV/c2) andourlimited knowledgeof thebackground
shapeusedin thefinal massfit ( � 0.8MeV/c2). Thetotal systematicuncertaintyis evaluatedto be
� 1.1MeV/c2.

We observe 18.9 � 5.7 signaleventson a backgroundof 10.0 � 1.4 eventsandthefit to the
J 
 ψπ massspectrumyieldsaBc massof 6287.0� 4.8(stat)� 1.1(syst)MeV/c2.

2.2 Ratio of Branching Fraction Measurements

Thekinematicregion for M � µµ�0� in thesemileptonicdecayof Bc lies betweentheJ 
 ψ mass
andtheBc mass.AssumingM � Bc � = 6.4GeV/c2 wefind thatmostof thesignaleventslie between4
and6 GeV, whichis definedasthesearchwindow. Thesearchconsistsof countingthecandidatesin
thiswindow andcomparingthemwith theexpectedbackgroundevents.Thesourcesof background
arethefollowing:

� Fakeµ
 e from K 
 π 
 p

� Conversionelectrons(for theJ 
 ψechannel)

� bb̄ events,with b 	 J 
 ψ � X andb̄ 	 e
 µ � X

� Fake J 
 ψ, i.e. unrelatedmuonpairswhich appearto have a commonvertex andinvariant
masscloseto theJ 
 ψ

The fake µ
 e rate is estimatedfrom the D
� � 	 D0π � 	 π � K 
 π � andΛ 	 pπ samples,where

theπ, K and p particlesareidentifiedwith certaintyandeventsarecountedby fitting theD0 and
Λ invariantmasspeaks. The probability for a π, K or p to be identifiedas a lepton is defined
asthe ratio betweenthenumberof eventsthatpassedall of the leptonidentificationcutsandthe
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Bc 	 J 
 ψµ Bc 	 J 
 ψe

Fakeµ
 e 16.3 � 2.9 15.43 � 0.31
bb̄ 12.7 � 1.7 � 5.7 33.63 � 2.20
Conversions N/A 14.54 � 4.38
FakeJ 
 ψ 19.0 � 3.0 negligible
FakeJ 
 ψ & µ -2.0 � 0.5 negligible

Total background 46.0 � 7.3 63.6 � 4.9
Signalyield 60 � 13 115 � 16 � 14
Significance 5.2σ 5.9σ

Table 1: Summaryof backgroundsin thesemileptonicanalyses

total numberof eventsin the sample. Oncethis ratehasbeenmeasured,it is multiplied by the
probabilityfor thethird trackin thevertex to bea π, K or p. This numberis extractedfrom a fit to
thedistributionof thetime-of-flightanddE 
 dx dataandfrom MonteCarlosimulation.

Thebackgroundfromconversionelectrons,i.e. thoseγ 	 e� e
 eventswhereonlyoneelectron
is identifiedandassociatedto themuonpair, is estimatedby evaluating,from a full simulationof
the CDF detector, the efficiency for identifying conversions.This efficiency is dependenton the
momentumof electrons.It is thennormalizedto ourdatasample.

Pairsof b-quarksareproducedthroughthreepartonlevel processes,namelyflavour creation,
gluonsplitting andflavour excitation.Theseprocessesaregeneratedwith thePythiaprogram[14]
andpassedthroughthefull CDF simulationto evaluatethebackgroundfrom bb̄ events.Thenthe
numberof sucheventsis normalizedto data,usingtheB 	 J 
 ψK sample.Therelativecontribution
of the threeprocessesin Pythia is checked with data,by fitting the azimuthalangleseparation
betweentheJ 
 ψ andtheµ
 e.

Finally thenumberof fake J 
 ψ eventsis estimatedfrom thesidebandsof the invariantmass
distribution of theJ 
 ψ. Table1 summarizescontribution of all backgroundsources,signalevent
yield andtheir significance,definedasa poissonianprobability for thebackgroundto fluctuateto
reproducetheobservedsignal.

Figures2 and3 show the invariantmassdistributionsof signalandbackgroundeventsfor,
respectively, theJ 
 ψµ andJ 
 ψechannels.

By carefullyevaluatingthedetectionefficiency for signalandreferencechannel,weobtainthe
mainresultsof thesemeasurements,whicharethecross-sectiontimesbranchingfractionratios:

σ � Bc �21 BR� Bc 	 J
 ψµ�
σ � B�21 BR� B 	 J
 ψK � � 0� 249 � 0� 045� stat� � 0 � 107


 0 � 076� syst�

and
σ � Bc �31 BR� Bc 	 J
 ψe�
σ � B�31 BR� B 	 J
 ψK � � 0� 282 � 0� 038� stat�4� 0� 074� syst�

3. Conclusion

We measuredmassandratio of branchingfractionsof the Bc mesonusinga 360 pb
 1 data
samplecollectedby theCDF II detectorat theTevatronRunII. Theseresultsarecompatiblewith

5



P
o
S
(
H
E
P
2
0
0
5
)
2
3
3

Bc ResultsfromCDF SatyajitBehari

]
52

)          [GeV/c
6±µ7ψ8Mass(J/

2 3 4 5
9

6
:

7 8 9
;

10 11 12

]2
E

ve
nt

s 
/ 0

.5
 [G

eV
/c

0
<5
910

15
20
25
30
=35
40
>45

X candidatesµψ?J/→c@ - B•
 - Total background

-1 360 pb≈CDF RunII Preliminary:  L 

e) (GeV)AµBµBMass(
C0

D
2 4 6

E
8
F

10 12

C
an

d
id

at
es

 p
er

 0
.5

 G
eV

0
D10
G20
H30
I40

50
J60
E70
K80
F -1

CDF Run 2 Preliminary: ~360 pb

DATA

Background

)=6.271GeV)cSignal MC (Mass(B

Figure 2: Theinvariantmassfor theJ � ψµsignal
data(points)andbackgroundMonteCarlo (his-
togram)candidates.

Figure 3: The invariantmassfor the J � ψe sig-
nal data (points), signal Monte Carlo (dashed
histogram)andestimatedbackground(solidhis-
togram).

theoryandearliermeasurements.Themassmeasurement,in particular, is performedin the fully
reconstructeddecaychannelBc 	 J 
 ψπ for thefirst timewith unprecedentedprecision.With over
1 fb 
 1 of accumulateddataon tape,we expectfurther improvementson theseresultsin the near
future.
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