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Abstract 

In a sample of 3.02 million hadronic Z” decays collected by the DELPHI detector, 270 J/t,b + e+e- candidates have 
been selected. A search for fully reconstructed B: mesons has yielded one B: -+ J/~/J & candidate, no B: + J/t,b C* Y, 

candidates, and one B$ + J/e s~-~n-n* candidate, consistent with expected background in each channel. The following 
90% confidence level upper limits are determined: Br(Z” + B: X) x Br(B: + J/t,h n*) < ( 1.05 to 0.84) x lop4 and 
Br( Z” -+ Bf X) x Br( B: -+ J/t/r e* ur) < (5.8 to 5.0) x lo-‘, where the ranges quoted correspond to the range of 

predicted B: lifetimes from 0.4 to 1.4 ps, and Br( Z” + B: X) x Br( B,f --f J/t,h n’n-rr*) < 1.75 x 10m4, constant 
over the range of predicted B,f lifetimes. @ 1997 Elsevier Science B.V. 

’ On leave of absence from IHEP Serpukhov. 
= CICYT-AEN96-168 1. 
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1. Introduction 

With around 3 million hadronic Z” decays recorded 
by each LEP experiment, the properties of B mesons 
having a constituent b-quark partnered by one light 

uds quark have been well determined from various 
decay channels. While a wealth of c?? and bz states are 

known, no hadron with two heavy quarks of different 

flavours has so far been observed. 

Predictions of the B,* ground state masses are 
based on potential models [ l-51. In a survey of 

techniques for estimating masses, Kwong and Ros- 
ner [2] indicate a range of 6.194 to 6.292 GeV/c’ 
for the mass of the B,* ground state. More recently 
Quigg and Eichten [3] have calculated the mass to 

be 6.258 f 0.020 GeV/c2, while Bagan et al. [4] 

find 6.255 & 0.020 GeV/c*. A search for the B,.* 
meson via a fully reconstructed decay channel such 

as J/@T between 6.0 and 6.5 GeV/c’ would cover 

all possibilities. 

The rate of B,* meson production in Z”-+ bb 
events via soft fragmentation cannot be very large as 
the relative probability of creating a (un) pair from the 

vacuum is 10’” to IO” times that for a (c?) pair (51. 

Production of B,* via its directcoupling to a virtual W 
boson is strongly suppressed as the CKM matrix ele- 

ment v./, is small (0.036 to 0.046) [ 61. The dominant 
production mechanism is when one of the primary b- 
quarks in a Z”--+ bz event emits a hard virtual gluon 

which fragments to a CC and the c(C) quark forms a 

bound state with a primary g(b) quark. The amplitude 

of this process is proportional to the wave function 

of the B,.* at the origin [ 1 I. The branching fraction 
Br(Z”+ Bc5 X) for the ground state is calculated 
to be ( 1 .O - 4.5) x IO-” (including decays from the 

IS and 2s states) [ 7.81. The alternative, of a b& pair 
produced from gluon splitting in Z”-+ CT events, is 

predicted to be a factor ( rrzh/mc)s lower [7]). 
Excited states of the B,* should also be pro- 

duced. Those with mass above the BD threshold 
(> 7.15 GeV/c*) will dissociate into a pair of B and 

D mesons and will not contribute to the inclusive B,* 
production rate, but the 15 excited states expected be- 
low the BD threshold will decay to the ground state 
B,* either via hadronic cascades or by photon emis- 
sion [9]. The branching fractions Br(Z”--t BF X) 
for the 2P and 3P states have been calculated [ 10,l 1 ] 
to he (0.2-1.2) x 10e4. For completeness, the small 

expected contributions from the D-wave and F-wave 

states with masses below the BD threshold should 
also be included. With the P-wave states decaying 
to the ground state, the overall branching fraction 
Br( Z”-+ B,* X) is expected to be ( I .2-5.7) x 10-j. 

The B,* can decay via the decay of the b or the 
c quark, or via the weak annihilation of the bF (~6) 
quark-antiquark pair. The decay widths correspond- 
ing to the three mechanisms have been estimated in 

potential models and using QCD sum rules [ 121: 

b-decay c-decay annihilation 

Potentials 37% 45% 18% 
Sum rules 48% 39% 13% 

Neglecting the annihilation channel, the lifetime of 
the B,’ can be estimated [ 131 from 

1 1 
-= 
TB, ,+$ 

The measured values of 7~ + and TD 1 then give r8,1 = 
0.6 ps. However it has been argued [ 91 that, as the B,* 
is a tightly bound system, the decay width should be 
expressed in terms of effective quark masses reduced 
by the binding energy. Depending on the value of this 
correction, the lifetime of the B,* could range from 

(0.4-1.4) ps [9,13,14]. 
The deep binding between b and c quarks sug- 

gests that decays to final states including J/I++ will be 

prominent; however, the uncertainty in the expected 

branching fraction for any specific decay channel is 
considerable [ 151. The predicted inclusive branching 
fraction for B,* ---) J/g X* ranges between 10% and 

24% [ 14,151. 
The present search is restricted to the channels that 

give the clearest signature for B,* mesons. These are 

B,‘+ J/i+9 rr’ , (1) 

B,*+ J/q+ e*v,, (2) 

B,‘--t J/+ IL*+, (3) 

B,‘--t J/$ (37~)+. (4) 

The predicted decay branching ratios for these chan- 
nels range from 0.2%-2% for channel ( 1 ), and from 
1% to 5% for channels (2) and (3) [ 14,12,15]. 
There are no theoretical predictions for the branch- 
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ing ratio for channel (4). However, by comparison 

with the decay branching ratios for B”-+ D**ITT 

and B”-+ D**3rr, one would expect it to be of 

comparable strength to channel ( 1) . 
The decay of the .I/$ to a pair of oppositely 

charged leptons of the same flavour selects an almost 

background-free sample of B-hadrons decaying to 

J/+4. In the semileptonic decay channel, the presence 

of a third lepton in geometrical correlation with the 
two leptons from the J/t,h decay signals the existence 
of B,*. Observation of a signal in this channel would 
enable the production rate to be estimated. Detection 

of B,&-+ J/lc, IT* and BCf+ J/J/ 3( 7~) * would 

allow the mass to be determined. 
The detailed description of the various DELPHI 

components and of their performance can be found in 
[ 16,171. Section 2 of this paper describes the selec- 

tion of hadronic events containing a J/G candidate de- 
caying to a pair of same-flavour opposite-sign leptons. 

The vertex reconstruction procedure used to improve 
the purity of the J/g5 sample is described in Section 
3. The B,* candidate selection for each of the chan- 
nels is described in Section 4. Section 5 summarises 
the conclusions. 

2. Event selection 

The search for the BCi meson was performed on the 

data and on fully simulated and reconstructed event 

samples: a general Z”4 qij sample (not including 

B,’ production) to determine the background, and 
signal events for each of the four channels and both 
J/q decay modes in order to determine the efficiency 
of observing the signal. The B-hadron decay lifetime 
used in these simulated events was 1.6 ps, and the B,* 
meson mass was 6250 MeV/c’ . 

2.1. Hadronic events 

From the data recorded by DELPHI in the years 
1991 to 1994, the events with 5 or more charged par- 
ticles were selected as hadronic Z” decays. Each ac- 
cepted charged particle was required to have: 
- measured momentum (p) greater than 200 MeV/c, 
- momentum error &J less than p. 

- impact parameter transverse to the beam below 2.5 
cm and 

- impact parameter along the beam below 10.0 cm. 
A further requirement was that the components of 

the detector crucial to this analysis, namely the Vertex 
Detector (VD) , the Tracking Detectors, the electro- 

magnetic calorimeters for electron identification and 

the muon chambers outside the magnet return yoke, 
be fully operational. For charged particle identifica- 

tion, information from the Ring Imaging Cherenkov 

(RICH) detectors and on the ionisation loss rate 
(dE/dX) in the Time Projection Chamber (TPC) 

were used when available. 
A total of 3.02 x lo6 hadronic events were se- 

lected from the data. For background estimation, a to- 
tal of 7.76 x IO6 fully reconstructed Z”4 qgsimulated 

hadronic events (excluding the small number gener- 

ated with a B,‘) were selected. The simulation sam- 
ple, containing 5077 events with at least one J/(c, de- 
caying to !+C- in the final state, allowed for the time 
variation of the detector geometry, alignment, analysis 

software, and calibration over the 1991 to 1994 data 

taking period. All numbers of background simulation 
events quoted henceforth are 
- normalised to the total number of hadronic events 

in the data and 
- corrected for the differences between the branch- 

ing ratios Br( Z”+ J/1+4x), Br( J/e--, ,uLL+,uu- ) and 

Br(J/++ e+e-) used in the simulation and the 

current measured values [ 61. 
The numbers of signal events generated for the 

channels under study are given in Table 1. 

2.2. Jill, selection 

The main background to B meson decays to J/@ 

comes from cascade semileptonic decays of the b- 

quark followed by the c-quark. The small prompt J/t,h 

production is eliminated by requiring a significant 

flight distance of the J/(c, from the primary interaction 
point. 

For each selected event, the thrust axis was de- 
termined using all charged particles passing the cuts 
described above and the energy depositions, identi- 
fied as photons, in the electromagnetic calorimeters. 
The plane perpendicular to the thrust axis split the 
event into two hemispheres. Candidate J/e- .P- 
were required to have two well measured, oppositely 
charged, same-flavour identified leptons, in the same 
hemisphere and having a combined mass within the 
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Table 1 

Simulated /I,.*+ J/I/I X* events at different stages of the analysis 

R, *- .I/*+ irf e* vp fi* up 

J/ l/I- Lc+fi- e+e- lL+ru- e+e- I*+/1- r+e- 

Generated I225 13.53 1331 1332 I259 1276 

Selected J/I+-- /‘+i’- 612 303 694 346 716 213 
P, > 3.0 GeV/c, 5.51 253 569 385 613 314 

Good Primary Vertex 517 240 538 278 587 207 

Good Secondary Vertex 323 173 332 217 332 143 
1~ > 2(r( LJ/,,, ) I:$ 301 166 294 211 306 I34 

AM cut 271 130 260 IS0 253 104 

1-1.3 

?r+tx-?7 i 

/*+p- ‘1 b (, - 

X35 971 

348 202 
366 162 

350 IS8 

224 129 

207 125 

187 96 

range 2.5 to 3.5 GeV/c2. The muon and electron 

identification criteria used in DELPHI are described 

in [ 171. A more detailed study of J/G production can 

be found in [ 181. 
In total, 2420 events were selected from the data 

and 2665 events from the general 2O-i qij simulation 

sample. The efficiency of selecting true J/q+ + l?P- 

was 37% with a purity of 26%. The numbers of events 
selected from the signal simulation samples are given 

in Table I. 

3. Vertex reconstruction and background 
reduction 

To increase the signal to background ratio for 

Jl*- I’+[- events, the primary and J/$ vertices 
were reconstructed. The analysis was restricted to 
events with each J/I) decay lepton having momentum 

( Pi ) greater than 2.0 GeV/c, as the lepton identifi- 
cation efficiency is fairly uniform above this momen- 

tum. Since the analysis depends on good primary and 
secondary vertices, the charged particle tracks used 
in the reconstruction were required to have at least 

a certain minimum number of associated hits in the 

VD. This minimum number was defined to be two in 
the R+ plane for 1991 to 1993, when the three layers 

of the VD supplied only R@ information, and at least 
one in R@ and one in Z for 1994, when two of the 
three planes provided 2 information as well. Vertex 
reconstruction was done in the RQ, plane for the 199 1 
to 1993 data and in 3D for the 1994 data. 

3.1. Primary vertex 

All charged particle tracks, excluding those of the 

leptons from the J/lc, decay, were used for primary 
vertex reconstruction if they had sufficient associated 
hits in the VD. 

The vertex reconstruction procedure used was itera- 

tive, starting with all selected tracks being constrained 
in the fit to pass through the known beam spot with its 
errors. The contribution to the tit x2 from any partici- 
pating track was required to be less than 3.5 when fit- 
ting in RQ, only, and 5.25 when fitting in 3D. The track 
with the largest x2 contribution, if it was greater than 

this value, was removed and the fit redone. This itera- 
tive procedure ended when the largest x2 contribution 
was below the allowed limit, or when only one track 

remained. In the latter case the event was rejected. 
If the probability of the resulting vertex tit was less 

than 0.1 o/n, the track with the largest contribution to the 
,$ was removed and the vertex refitted. This second 
iterative procedure ended when the vertex fit had a ,$ 
probability greater than 0. I o/o with at least two tracks. 

In all, 6% of the events had no successful primary 

vertex fit and were rejected. 

3.2. Secondary vertex 

The crossing point of the lepton tracks of the J/t) 

decay was used as the starting point for the secondary 
vertex. In the same hemisphere, further tracks were 
selected if they 
- had the required minimum number of associated 

hits in the VD, and 
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- gave a x2 contribution of less than 3.0 in the R@ 
plane, or 4.0 in 3D, when fitting to a common vertex 
with the two lepton tracks from the J/e decay. 
All the tracks thus identified as originating from 

the J/I+ decay point were then used to reconstruct the 

secondary vertex. If the x2 probability of the result- 
ing fit was below O.l%, the track (excluding the two 

lepton tracks) with the largest x2 contribution was re- 

moved and the fit redone. This iterative procedure was 
stopped when a fit with at least three tracks (includ- 

ing the two lepton tracks) had a x2 probability above 
0.1%. In events with no successful vertex fit with at 
least three tracks, the crossing point (vertex in 3D) of 
the two lepton tracks was accepted as the secondary 

vertex. 
Events were accepted for further analysis only if 

the scalar product of the J/(c, momentum vector and 
the direction vector from the primary to the secondary 
vertex was found to be positive. 

Successful secondary vertex reconstruction reduced 
the non-b& background considerably. The purity of 

the J/I,- t+t!- sample, estimated from the fully re- 
constructed simulation sample, increased from 26% to 
around 44%, without any decay length cut. 

To reduce the background further 
_ the distance between the primary and secondary ver- 

tices (L,l,) was required to be greater than twice 

the error on this distance, and 
- the difference (AM) between the combined mass 

(MP+~-) of the pair of oppositely charged same- 
flavour leptons and the central value (found to be 

consistent with the world average J/$ mass [6]) 
had to be 
. consistent with zero within three times its error, 

and 

. within the range -100 to + 100 MeV/c2 for 
di-muons and -300 to +I00 MeV/c2 for di- 

electrons, to remove badly measured events. 
A total of 270 events were selected from the data, 

compared to 300 in the simulation sample. The pu- 
rity of the J/t) + lf+t- sample increased to 77% 

and the efficiency decreased to 16%. The numbers of 
simulated signal events passing the various selections 
described so far are given in Table 1. 

4. Bc* candidate selections 

For the B,*+ J/(cl rf and B,*-+ J/G t*vl 
candidates, at least one extra charged particle was 
required to be associated with the lepton pair from 

the J/t,4 decay at the secondary vertex. At least 
three other charged particles were required for 

B,‘+ J/t,b (37r)*. 
A charged particle in the same hemisphere as the 

J/I,~ was associated to the secondary vertex if its track 
- was used in the reconstruction of the secondary ver- 

tex, or 

- had an impact parameter (in the RQ, plane) to the 
secondary vertex that 

. was less than 1 mm and less than three times its 
error, and 

. when normalised by its error, was no more than 
a factor two bigger than the normalised impact 
parameter to the primary vertex. 

All charged particles thus associated to the secondary 
vertex were used in the mass reconstruction to search 
for the B,* meson. 

The requirement that the distance between the re- 
constructed primary and secondary vertices be greater 
than twice the error on this distance could reduce the 

B,* selection efficiency for low values of the B,* 
lifetime. The selection efficiencies were therefore de- 

termined as a function of the B,* lifetime. 

An event passing the cuts described was selected as 

a possible candidate if one of the charged particles as- 
sociated with the J/t+4 at the secondary vertex satisfied 
the following conditions: 
- the particle was not identified as a lepton, 
- the Ring Imaging Cherenkov (RICH) or ionization 

(dE/dX) measurements were consistent with the 
expectation for a pion (when neither dE/dX nor 
RICH information was available, the particle was 
tried both as a pion and a kaon in mass combinations 
with the J/I,&), 

- the mass of the (J/$m) combination calculated 
at the secondary vertex was between 6.0 and 6.5 
GeV/c* for events where the J/G decayed to a pair 
of oppositely charged muons, or between 5.8 and 
6.7 GeV/c2 for events with J/t+9 decaying to a pair 
of oppositely charged electrons. 
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of hadronics in the data; e) and f): simulated signal. The arrows indicate the mass window for the &* search. 

The reconstructed (J/e n-*) mass distributions are 

shown in Fig. 1. One candidate event for each J/(cl 
decay mode (--f e+e- and --f p+kL-) can be seen in 

the appropriate mass window in the data, while there 
are 2.6 and 2.3 events respectively in the background 

simulated samples. 
To eliminate spurious (.I/+ n) combinations, the 

angle A (4) between the line joining the primary and 
secondary vertices and the momentum vector of the 
combination, projected onto the RQ, plane, was re- 
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limit for B,*-+ J/(/I n-• candidates. 

quired to be less than IO”. From the A (4) distribu- 
tions shown in Fig. 2, it can be seen that both the data 
events survive this cut, while the numbers of simu- 
lated background events are reduced to 2.0 and 1.4 

respectively. 

The measured B, and Bd production rate in Z” 
hadronic decays is two orders of magnitude higher 
than the highest predicted rate for II,* production. 
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Numbers of simulated signal events selected and B,*- J/$ X* selection efficiency 

M( J/JI X) in Mass Window 

A(d) < IO0 

Without a B,ld combination 

Selection efficiency for 78, = 0.4 ps 

Setection efficiency for 78, = I .4 ps 

15s 66 59 32 

138 57 5.5 30 

130 Sl 44 18 

0.090*0.010 0.03 1 ~kO.006 0.053*0.008 0.0 I9*0.00.5 

0.I12*0.010 0.03910.005 0.053+0.008 0.019*0.005 
- 

B,* candidates were therefore required to have no 
mass combinations of particles at the secondary vertex 
compatible with the following B,, and Bd decays: 

- B,:$ J/I/I Kh (rz~*)~ where rz = 0, 2 or 4 
- B,fiJ/~C,((n~*)*,n=1,3or5 
- B+ Jl(cl K’ (n~*)~, II = 1, 3 or 5 
- Bj- J/$I @ (n&)‘, FI = 0, 2 or 4. 
In testing for these states, the charged kaon and the 

II charged pions were required to be associated to the 
secondary vertex and identified by the dE/dX and 
RICH information. A neutral kaon in the same hemi- 
sphere as the Jj@ was used in such invariant mass 

calculations only if its momentum vector was consis- 

tent with it originating from the secondary vertex. The 
typical mass resolution for these combinations was in 
the range 35-45 MeV/c”. 

Table 2, along with the selection efficiencies for the 
minimum and maximum predicted lifetimes of 0.4 ps 
and I .4 ps respectively. 

For both J/e decay modes, the B,.* selection ef- 
ficiencies were found to increase linearly over the 
predicted range of B,* lifetime. With one candidate, 

consistent with the expected background, and us- 

ing Br( J/I++ k’+l- ) = ( 12.03 i 0.27)0/c [6] and 
these selection efficiencies, the 90% confidence level 

upper limit is 

Br(Z’+ B,* X) x Br(B,.*+ J/t/Q k=) 

< (1.05 to 0.84) x 10-4. 

where the range quoted corresponds to the predicted 
B,* lifetime range from 0.4 to f .4 ps. 

If the mass of such a combination, M( J/$ K FIT), 

was found to be close to the known B,, or Bd mass [ 61 
(i.e. within three times its error and within 100 

MeV/c.’ ), the event was rejected if the angle A(4) 
for this combination of particles was less than 10”. 

The two events selected from the data have mea- 
sured M( J/tin=) masses of 6260f13 1 MeV/c2 and 
6345185 MeV/c’ and angles A( 4) of 2.1 o and 2.5” 

respectively. The first of these events has a valid in- 
terpretation as a BJ-+ J/q? K-v+ candidate, with 
M( J/(c, K-T+) = 5318fll6 MeV/c* . A kinematic 
fit to the remaining candidate, with the three particles 

constrained to go through a common vertex and the 
mass of the di-muon pair constrained to the J/fcr mass, 

gave M( J/S IT ) = 634 I f27 MeV/c2 and a proper 
decay time of 0.38 h 0.06 ps. The numbers of back- 
ground events surviving this anti-selection procedure 
are I. 1 and 0.6 in the two J/e decay modes. 

Candidates for this decay channel were required to 
have at least 3 charged particles. Each of these was 
required to satisfy the same criteria as the single pion 

in the J/t+9 nrr+ channel (see Section 4.1 ) . 

The numbers of B,-* candidates selected from the 
two sels of signal simulation samples are given in 

The reconstructed (J/G (37r)*) mass distribu- 
tions are shown in Fig. 3. The angle A(4) for each 

J/I,+ (3~) * combination with mass within the search 
window is shown in Fig. 4. With the requirement that 

A(4) be less than 10” and that there be no B,/B,, 
particle combinations with masses consistent with the 

known B,/Bd mass, one event with J/q-+ pi,6 
is selected from the data, while 0.9 events with 

Jl(c, --t e’e- and 1.4 with J/$+ ptpu- are selected 
from the simulated background sample. A kinematic 
fit to the candidate gives M( J/@-7r-n-‘) = 6119 
i 22 MeVjc’ and a proper decay time of 0.41 f 
0.07 ps. Since this mass is significantly different from 
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that of the candidate found in the J/e ?r* channel, at cay samples, the efficiencies are found to be uniform 
least one of the two must be background. over the range of predicted B,* lifetimes. With one 

The numbers of B,* candidates selected from the candidate event found in the data, consistent with the 
two signal simulation samples and the selection effi- expected background, the upper limit at the 90% con- 
ciencies are given in Table 2. For both the J/t+4 de- fidence level is 
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Br(Z’--t B,* X) x Br( B, ‘+ J/i,b TT+T-7.r’) 4.3. B,‘+ J/t+b l’ ~1 

< I.75 x 10--j. 

uniform over the range of expected B,* lifetimes. 

Candidates were selected from events passing the 

cuts described in the earlier sections and having one of 
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Table 3 

Numbers of simulated signal events selected and B,++ .I/$ @ vg selection efficiency 

Bc*+ J/ti i- e* ve P* vfi 

-fIti- cL+p- e+e- /L+p- e+e- 

M( J/I/~) > 4.0 GeV/c2 and E, > 0 62 31 9.5 45 

Without a B,,ld combination 61 30 92 42 

Selection efficiency for 78,=0.4 ps 0.039*0.006 0.017f0.004 0.064+0.008 0.033*0.005 

Selection efficiency for 78, =1.4 ps 0.049f0.007 0.023ztO.004 0.075f0.008 0.033~0.005 

the charged particle tracks associated with the J/$ at 
the secondary vertex identified as a lepton. The particle 

selected as the third lepton also had to have momentum 
greater than 2.0 GeV/c. 

With the probability of misidentifying a hadron as 

a lepton at around l%, the background to these chan- 

nels can come from combinations of any of the three 
leptons being a misidentified hadron. The high J/lc, 
selection purity achieved by requiring a successfully 

reconstructed secondary vertex suggests that the pre- 
dominant background originates from the association 

of a .I/$ with either a hadron (from the parent B de- 
cay or prompt) misidentified as a lepton, or a lepton 
originating from the primary interaction (i.e. not hav- 

ing a B parent). 
Only one data event having a J/G+ ,uufpu- 

decay and a tagged electron satisfied the require- 

ments. The invariant mass of the J/(c, and the lepton, 
M( J/qbe’), is 4.027 f 0.042 GeV/c*. The recon- 
structed M( J/q@*) distributions for the simulated 

background events are shown in Figs. 5 a) and b). In 

the signal simulation samples, shown in Figs. 5 c) and 

d), 88% of the events have M( J/I@*) greater than 
4.0 GeV/c*, while only one background simulated 
event, with J/G + e+e-, has M( J/$p’) above this 
value. 

Events having M( J/t,@* ) greater than 4.0 GeV/c* 
and positive missing energy 3 in the hemisphere con- 
taining the J/lc, e* were selected as Bcf+ J/(c, t?* z+ 
decay candidates. The single data event selected has 
negative missing energy in the J/$ hemisphere. In 

’ The missing energy is calculated by subtracting the visible en- 

ergy from the total energy in the hemisphere (beam energy cor- 
rected by the two hemisphere invariant masses). The visible en- 

ergy is the sum of the energies of all charged particles measured 

by the tracking detectors and the photons measured by the elec- 
tromagnetic calorimeters. 

the simulated background, 0.3 events (in the J/lc, + 
e+e- sample) have positive missing energy. 

As before, the events were required to have no com- 
bination of appropriate particles with a mass consistent 

with the known B, and Bd masses. The background 
expected from the simulation was unchanged. 

The numbers of signal simulated events selected are 
given in Table 3 along with the selection efficiencies. 
The mean efficiencies are again found to increase lin- 

early with the B,& lifetime. 

With no B,‘+ J/I/J ef v’e or Bc*+ J/(cl ,u* vcL 
candidates found in the data, the upper limits at 90% 
confidence level are 

Br( Z”-+ B,* X) x Br( B,*+ J/t+4 ef v,) 

< (1.61 to 1.26) x 10-j 

and 

Br(Z’+ B, * X) x Br(B,*--, J/G ,u+ v,) 

< (0.98 to 0.91) x 1O-4 

over the predicted B,’ lifetime range. Combining the 
two channels, the 90% confidence level upper limits 
for 78, = (0.4 to 1.4) ps are 

Br(Z’+ B, * X) x Br(B,*+ J/(c, e* zq) 

< (5.8 to 5.0) x IO-“. 

5. Conclusions 

With one candidate found in the B,‘+ J/G n-* 
channel when 1.7 are expected from the background, 
an experimental 90% confidence level upper limit for 
the product of the Z”+ B,* XT production rate and 
the B,+ -+ J/$ T* decay branching fraction has been 
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determined to be I .05 x IO-” for a mean B,* lifetime product. Similar limits have been reported by other 

of r/j, = 0.4 ps, decreasing linearly to 0.84 x 1O-4 LEP collaborations [ 19,201. 

for 78, = 1.4 ps. This is an order of magnitude higher For the channel Bcf+ J/$ w~T-~-~, one candi- 

than the most optimistic theoretical estimate for this date event found in the data is consistent with the 2.3 
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expected from the background. The corresponding up- 
per limit, at the 90% confidence level, has been de- 

termined to be 1.75 x 10w4, independent of the mean 
B,* lifetime. 

The reconstructed masses of the candidates in the 

two above channels are significantly different, sug- 
gesting that at least one of them is not a B,* meson. 

With no candidates seen in either Bcf+ J/t+9 f* I/E 
decay channel and 0.3 expected from the background, 
the combined 90% confidence level upper limit for 
the product of the Z”+ B,* Xi production rate and 
the decay branching fraction has been determined to 
range from 5.8 x lo-’ to 5.0 x IO-‘. This is con- 
sistent with the optimistic theoretical estimate for this 

channel and with the limits reported by other LEP col- 

laborations [ 19,2 11. 
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