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Seven unambiguous events out of a sample of 270 000 Z ° decays, contain in the same jet a Ds meson and a muon 
at large transverse momentum relative to the jet axis. These events are direct evidence for Bs ° meson production in 
hadronic Z ° decays. The production rate of these events, relative to all hadronic Z ° decays is (18 :t: 8) x 10 -5, this 
number including the relevant branching fractions of the B ° and Ds. The value of the Bs ° meson lifetime relative to 
the average B meson lifetime is measured to be 0.8 + 0.4. 

1. Introduction 

The presence of  the B ° meson *~ , carrying both 
beauty and strangeness, at e+e - or p~ colliders has 
been up to now inferred from the measurement  of  the 
rate of  same sign di leptons [ 1 ]. This rate is larger than 
the corresponding value [2] obta ined at the Y(4S) 
and this difference can be explained by the produc- 
tion, at a rate around 12%,__of strange B ° mesons which 
undergo a complete 0 0 B~-B~ mixing. Evidence for B ° 
product ion was also obtained by the CUSB Collabo- 
rat ion from data  registered at the Y(5S) [3]. No mea- 
surement exists yet on the decay propert ies  of  the B ° 
meson. 

This paper  shows that samples containing mainly 
B ° decay products  can be isolated at LEP, opening 
new possibili t ies for the study of  the propert ies  of  
this particle. A sample of  270 000 hadronic  Z ° decays 
registered by DELPHI  in 1991 has been used for this 
analysis. 

de termined by two parameters:  the probabil i ty  that a 
Ds meson is produced in a semi-leptonic decay of  a 
B ° particle and the background probabil i ty  that non- 
strange B particles emit  a lepton and a Ds meson in 
a direct or a cascade semi-leptonic decay. 

Four  processes, all from B decays, contribute to the 
product ion of  the e + D ~ X  final state with the lepton 
and the strange Ds meson observed in the same jet. 
Two come from direct B meson semi-leptonic decays 
and the others from semi-leptonic cascade decays of  
B hadrons as shown in fig. 1. 

The process in fig. l a corresponds to the signal. 
The B ° meson decays into e±D~v~ or into ~q-D~:ue 
followed by the decay D~ ~ Dsy. The contr ibut ions 
from non-resonant hadronic final states and from D;* 
mesons are not expected to give large contributions 
to the signal because these channels give rise mainly 
to D°KX or to D + K X  events. The fraction of  D;*- 
like states that  decays into a D~ meson is expected to 
be of  the order  of  20%: 10% are produced by viola- 
t ion of  the Zweig rule in the sector of  strange quarks 

2. Isolat ion of  B ° mesons  

The observed B ° mesons were produced during the 
hadronizat ion of  b quark jets emit ted  in the decay 
of  a Z ° boson. F rom the measured product ion rate 
of  strange particles in hadronic jets,  the probabi l i ty  
to get an s~ pair  at each step of  the hadronizat ion 
chain is es t imated of  the order of  12% [4]. In the case 
of  semi-leptonic decays, as explained below, events 
containing in the same je t  a Ds meson and a lepton at 
large transverse momen tum relative to the je t  axis are 
essentially pure manifestat ions of  B ° meson decays. 
The visibil i ty of  the signal from Bs ° mesons is mainly 

Throughout this paper the symbol for a particle is taken 
to include the corresponding antiparticle, unless explic- 
itly stated otherwise. 

b .... a~ b "" c 

+ ,+  D~ 
D s , D s 

® ® K, K* fbc  

x 

© ® 

x 

Fig. 1. The four diagrams which contribute to ~ +Ds ~ final 
states and in which the lepton and the Ds are in the same jet. 
There is no channel for same sign lepton-Ds correlations. 
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and the remaining 10% come from the usual strange 
particle production in hadronic systems. In the case 
of non-strange B mesons, current theoretical expec- 
tations [5,6] predict values in the range 10 to 25 % 
for the fraction of D ~ or non-resonant D ( n n )  final 
states in the semi-leptonic decays of B ° or B ÷ mesons. 
These predictions are somewhat lower than present 
measurements from the ARGUS and CLEO Collab- 
orations [ 7 ] which found a value of 40 + 10%. 
In the following it is assumed that 25% of the B ° 
semi-leptonic decays go through D s  or non-resonant 
D ( n n )  so that: 

BR(Bs ~ Ds~vX) = 0.80.  
BR(Bs ~ ~vX) 

Process lb  is the semi-leptonic decay of a non- 
strange B meson to a hadronic system including a Ds 
and a K mesons. Here the fraction of the events with a 
strange Ds meson will be smaller than the usual prob- 
ability of extracting strange quarks from the sea be- 
cause of the further l imitation from phase-space. The 
distribution of the mass of the hadronic system pro- 
duced in a semi-leptonic decay of a B hadron falls 
steeply at high values and the threshold for Ds-K pro- 
duction is situated in the far tail of  the distribution, 
above the nominal  mass values of possible D'* states. 
A detailed theoretical analysis, based on the quark 
model, and using the evaluation of the transitions of 
the B meson to individual D, D* and higher D*" reso- 
nances can be found in ref. [6]. The expected produc- 
tion of DsKX final states is rather stable to variations 
of the parameters of the model. In particular there is 
no direct correlation between the fractions expected 
for DsKX and D** final states and the following limit 
is obtained: 

BR(Bd, B + --* DseuX) 
~< 0.025. 

BR(Bd ---* evX)  

This gives an upper limit of 20% for the contribu- 
tion of the diagram lb  relative to the process la (ta- 
ble 1 ) and, in the following analysis, this process has 
been neglected. 

Processes l c and l d correspond to semi-leptonic 
cascade decays of B mesons into final states with two 
charmed particles. ADs meson is formed through the 
coupling of the virtual W to cg quark pairs. This cou- 
pling is Cabibbo favoured but it is penalized, relative 
to the coupling to ud quark pairs, by the phase space 

Table 1 
Contribution of each process to the gDs correlation. Prob (B) 
is the probability to find the proper B meson in a b jet. 
Prob(g ) is the corresponding semi-leptonic branching frac- 
tion. Prob(Ds) is the probability to get a Ds meson in the 
semi-leptonic decay. 

Diagram Prob(B) Prob(e) Prob(Ds) Prob. per 
had. event 

la 0.12 0.1 0.80 4.22 × 10 -3 
lb 0.75 0.1 ~< 0.025 ~< 0.82 x 10 -3 

lc 1.0 _~ 0.1 0.1 4.4 × 10 -3 
ld 0.12 ~ 0.1 0.1 0.52 x 10 -3 

limitations coming from the heavier masses of the c 
and ~ quarks as compared to u and d masses. ARGUS 
and CLEO have measured [7] 

BR(B-- ,  DsX) = ( 1 0 + 2 - 4 - 4 ) %  

(in this expression B means 50% neutral and 50% 
charged B's and a branching fraction of (3.1+~.2~ % 

" - - 1 . 0  / 

is assumed for the Ds decay into 4m [8] ). B ° meson 
decays contribute simultaneously to processes 1 c and 
l d because the lepton can be produced from one of 
the two Ds mesons that are present. 

Contribution from Z ° ---, c~ events is only expected 
through the presence of misidentified hadrons in the 
sample of muon candidates. The contribution from 
these classes of events can be evaluated in the data 
because similar numbers of ~ ~: D~ and of g :F D~ can- 
didates are expected from this source. This applies 
also to the candidates coming from the combinatorial 
background present under the Ds mass peak. 

Table 1 gives rough estimates of the relative con- 
tributions from the different processes, prior to any 
reduction from detection efficiencies. Before any cut 
to identify the lepton and the Ds meson, similar num- 
bers of events are expected from processes la and lc. 

However, the leptons emitted from the cascade de- 
cay process lc are softer and have a lower transverse 
momentum =2 than those from process la. Differ- 
ences in acceptance, and proper cuts on the kinemat- 
ical variables will thus modify the contributions from 

~2 The transverse momentum of the lepton is measured 
relative to the axis of the hadronic system present in 
the jet, in addition to the lepton. Jets have been recon- 
structed using the LUND LUCLUS algorithm [9] with 
default parameters. 
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Fig. 2. Monte Carlo simulation of the Pt distribution of the 
lepton relative to the remaining charged particles in the jet. 
The shaded areas correspond to events initiated by a B ° 
decay. 

the different classes in the sample of  selected events. 
For  example, at a transverse momen tum of  the lepton 
Pt above 1.2 GeV/c ,  more than 90 % of  the events are 
expected to originate from B ° semi-leptonic decays, 
i f  process 1 b is neglected. This can be seen on fig. 2 
which shows the Monte Carlo s imulated lepton P~ dis- 
t r ibut ion in Z ° decays, dominated  by the processes of  
fig. 1, and which includes acceptance and detect ion 
efficiencies. 

3. Detector 

The components  of  the DELPHI  detector which 
play an impor tant  role in the present analysis are de- 
scribed here. A complete descript ion of  the DELPHI  
apparatus  is given in ref. [ 10]. 

The muon identif icat ion relied mainly on the muon 
chambers,  a set of  drift  chambers providing three di- 
mensional  information.  In the barrel  part  of  the de- 
tector, covering polar  angles between 52 ° and 128 ° , 
there are 3 sets of  chambers.  One set of  chambers  is lo- 
cated just  inside the hadron calorimeter  and two sets 
are just  beyond it, with 2 layers of  chambers in each 
set. The third set, which completes the azimuthal  cov- 
erage, has a small overlap with the others. The for- 
ward muon chambers cover polar  angles between 9 ° 

to 43 ° and 137 ° to 171 °. Both arms have two planes 
of  chambers; one inside the yoke, behind more than 
85 cm of  iron, the second 30 cm further out, behind 
another 20 cm of  iron. 

The central tracking system, composed of  the Inner  
Detector  ( ID) ,  the Time Project ion Chamber  (TPC) 
and the Outer Detector (OD) ,  measured the tracks 
at polar  angle larger than 30 ° with a resolution of  
t r ( p ) / p  .'~ 0.002 × p. The TPC is the main tracking 
device. It is a cylinder of  30 cm inner radius, 122 
cm outer radius and has a length of  2.7 m. For  polar  
angles between 39 ° and 141 o up to 16 space points can 
be used. The energy loss ( d E / d x )  for each charged 
particle is measured by the 192 TPC sense wires as 
the 80% truncated mean of  the max imum ampli tudes 
of  the wires signals. By using Z ° ~ p+ p -  events, the 
d E / d x  resolution has been measured to be 5.5%. For  
tracks in hadronic je t s  the resolution is 7.5%, and 25% 
of  the tracks have no information because they are 
too close to another track. 

The MicroVertex detector (VD) consists of  three 
concentric shells of  Si-strip detectors at average radii  
of  6.3, 9 and 11 cm covering the central region o f  the 
DELPHI  apparatus at polar  angles between 27 ° and 
153 °. The shells surround the beam pipe, a beryll ium 
cylinder 1.45 m m  thick with a 5.3 cm inner radius. 
Each shell consists of  24 modules with about 10% 
overlap in azimuth between the modules. Each mod-  
ule carries 4 detectors with strips parallel  to the beam 
direction. The silicon detectors are 300 # m  thick and 
have a diode pitch of  25 #m. A new feature is that the 
read-out strips (50 #m pitch) are AC coupled giving 
a 5 # m  intrinsic precision on the coordinates of  the 
charged tracks, transverse to the beam direction. 

After a careful procedure of  relative al ignment of  
each single detector, an overall precision of  8 # m  has 
been achieved. By using the combined information 
from O D + T P C + I D + V D  a resolution of  3.5% on 
a ( p ) / p  was obtained for 45 GeV/c  muons. 

4. Analysis 

In the study of  D~-lepton correlations in the same 
jet, only identif ied muons were used. Muons were se- 
lected i f  their  momentum was larger than 3 G e V / c  and 
if  they were identif ied using the information from the 
muon chambers. A detailed descript ion of  the algo- 
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r i thm used for this selection can be found in ref. [ 11 ]. 
The overall muon identif icat ion efficiency was mea- 
sured with the Z ° ~ / t + / ~  - final state. In the solid an- 
gle of  interest in this analysis, which includes an in- 
complete coverage by the muon chambers near 45 ° 
and 135 °, a mean efficiency of  69 i 2% was obtained.  
It has been verified, using the DELPHI  Monte Carlo 
simulation program, that the ambiguities arising from 
neighbouring particles do not reduce the identifica- 
tion efficiency inside a jet.  

All charged panic les  were separated into two hemi- 
spheres by the plane normal  to the thrust axis of  the 
event and containing the beam interaction point. The 
event pr imary vertex was determined using all charged 
tracks with momentum larger than 500 MeV/c,  ex- 
cept the lepton candidate.  The vertex posit ion had to 
be compat ible  with the beam spot posit ion which was 
measured for each LEP fill. If  it was not, an i terative 
procedure was used to el iminate from the tracks used 
in the vertex evaluation those which gave the largest 
contr ibut ion to the Z 2. From Monte Carlo simulated 
bb events it was verified that the accuracy on the main 
vertex reconstruction was 80 l~m in the horizontal  di- 
rection, in which the beam spot had its largest exten- 
sion, and 40 /zm in the vertical direction. 

Ds mesons were searched for using the ~n and K "° K 
decay modes, with only charged panicles  in the final 
state. The three tracks were selected in the sartle hemi- 
sphere as the muon and their  momentum was required 
to be larger than 2 GeV/c .  These tracks had also to 
be associated to hits in the silicon vertex detector  and 
they had to intersect at a common secondary vertex. 
To reduce the combinator ia l  background, a positive 
decay length was required between the secondary and 
main vertices. The accuracy on the secondary vertex 
reconstruction measured on the simulated data was 
300/tm along the flight direction of  the Ds meson and 
3 0 / t m  in the perpendicular  direction. 

Mass combinat ions  were obtained by requiring that 
a K + K  - combinat ion was in the ~ region, between 
1.012 and 1.028 GeV/c 2, or a Kn system in the K *° 
region, between 0.83 and 0.95 GeV/c 2. For the K "°, 
the kaon mass was at t r ibuted to the particle which had 
the same charge as the lepton. The third particle was 
then selected if  it had a charge opposite to that of  the 
lepton. These assignments were not always correct for 
the combinator ia l  background, and therefbre particle 
identif ication was used to reduce it. 

Loose cuts were applied on panic le  identification. 
No selection was applied on the two kaons from the 
~b decay because the two tracks are too close and most 
of  the t ime cannot be identif ied separately. In the K *° 
decay it was required that the d E / d x  of  the can- 
didate kaon be smaller than the value associated to 
the candidate pion. From Monte Carlo simulation it 
has been verified that, in the case of  genuine K *° de- 
cays, this condit ion was fulfilled in 70% of  the cases. 
The remaining kaon, in the K~°K decay, had to have 
a d E / d x  compatible  with the kaon hypothesis. The 
measured d E / d x  value must not exceed by more than 
12% ( 1.5 standard deviat ions)  the expected value for 
a kaon having the same momentum.  If  no d E / d x  in- 
formation was available the panic le  was kept. 

The Ds is a pseudo-scalar meson and, in this analy- 
sis. it decays into a vector and a pseudoscalar  mesons. 
Because of  helicity conservation, in the rest frame of  
the vector meson, the angle ~ between its decay prod- 
ucts and the direction of  the bachelor pseudoscalar has 
a cos 2 ~/distr ibution.  In the following, events were se- 
lected with [cos ~,1 >t 0.5. This cut keeps 88% of  the 
signal, if  possible acceptance distort ions are neglected. 

Taking events in the 4~ and in the K *° mass regions, 
a signal centered on the Ds mass was visible both in 
the q~n and K*°K mass distributions.  Fig. 3 shows 
these signals when the Ds was associated to a muon 
with a transverse momentum larger than 0.6 GeV/c .  
The q~rt and K*°K mass distr ibutions were summed 
in the analysis which follows. It was verified that the 
two distr ibutions contained no common candidates.  
These distr ibut ions are shown for Pt cuts of  0.8 GeV/c  
in fig. 3c, and 1.2 GeV/c  in fig. 3d. 

4.1. Study of  B°~ meson production 

The statistical evidence for the Ds signal depends 
upon the knowledge of  the values for the mass and 
width of  the Ds particle as reconstructed by the DEL- 
PHI detector. These values were obtained by search- 
ing for inclusive D~ meson product ion in hadronic 
jets. In the 4~n decay channel a signal of  74 ± 15 events 
was observed with the following parameters:  

MDs = 1963 ± 2 MeV/c  2, 

a~tDs = 6.9 ± 1.3 MeV/c  2. 
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Fig. 3. Mass distributions for KKn candidates, accom- 
panied, in the same jet, by a muon of opposite sign 
with Pt greater than 0.6 GeV/c. (a) ~bn candidates. 
(b) K*°K candidates, Combined mass distributions for 
K*°K and ~brr candidates: (c) Pt > 0.8 GeV/c. (d) 
Pt > 1.2 GeV/c. 

The mean value of the Ds mass was lower than the 
nominal  value by 6 MeV/c 2. A similar displacement 
was also observed for the D O mass peak and it was 
attributed to remaining defects in the detector align- 
ment. The Ds reconstructed width was narrower than 
the Monte Carlo simulation estimate which was 11 
MeV/c 2. In order to evaluate the statistical signifi- 

cance of the observed accumulation of events in a 
given mass distribution, the probability to get at least 
the measured number  of events in a region centered 

on the expected Ds mass and having a width equal 
to 30 MeV/c 2 was computed. This mass interval con- 
tains about 85% of the signal if the mass resolution 
is equal to 11 MeV/c 2. A binomial  probability distri- 
but ion was used and for the two selected samples of 
events shown in figs. 3c and 3d, the respective prob- 
abilities are 1.3 x 10 -3  and 2.1 × 10 -4 .  

An unbinned  maximum likelihood fit of a gaussian 
distribution for the signal, with a fixed width to 11 
MeV/c 2, and a linear background gave the following 
mass and number  of events on the data selected with 
the Pt cut of 1.2 GeV/c: 

 4HI I °, 

M(Krcx) (GeV/C)  

N 2  ~D "--) K~'n" 

015 1.6 17 1.8 1.9 

M( K ~ x  ) ( Gev/c e) 

~5 

~4 
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D, ~ KK~ 

[~ D* ~ K'n'n 
reflections 
( upper limit ) C) 
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II LIIII ..... 
17 1.8 L9 2 2.1 22 

M(KKrr) (GeV/c 2) 

Fig. 4. Knn mass distributions used to search for the D + 
mesons remaining after imposing the selections for Ds de- 
cays to K*°K. (a) Kn mass combination is taken in the K *° 
region. No request has been applied on the ~u angle distri- 
bution, on particle identification and on the flight distance. 
(b) Using the same selections as in the Ds analysis. (c) Ds 
signal with a 10 MeV/c binning. The shaded area corre- 
sponds to events that could come from D + ---, K - n + n  +. 

Mos = 1965.6 4- 5.1 MeV/c 2, 

NDs = 7.5 +3.3 
- 2 . 6 ,  

NDs ~> 3.7 at 95% confidence level. 
6 

The value obtained for the mass is compatible with 
the corresponding measured value using the inclusive 
Ds signal. 

It was also verified that the accumulation of events 
around the Ds mass was not due to the reflection of 
other charm hadronic decays. The main candidate 
for such a spurious peak is the D ÷ which decays into 
K-rc + ~+ and in which one of the charged pions is 
taken as a kaon. Events were selected with a muon 
with a transverse momentum larger than 1.2 GeV/c 
and with a Krr invariant mass in the K *° region 
(fig. 4a). Possible mass reflections coming from the 
~bn decay channel have been neglected because of the 
narrowness of the ~b signal. Cuts on the q/ angle, on 
particle identification, and on the flight distance were 
then applied and 3 events remained (fig. 4b) which 
were compatible with a narrow mass peak centered 
around the D + mass. In the K*°K mass distribution, 
a genuine D + decaying into K~zn would appear as a 
broad accumulation of total width 200 MeV/c 2 ex- 
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tending above the D~ nominal  mass. In fig. 4c these 
3 events are shown in the KKn hypothesis using a 
binning of  10 MeV/c.  Because of  the narrowness of  
the genuine D~ signal two of  them are not compati-  
ble with the Ds hypothesis and one is ambiguous. In 
the selected range of  transverse momen tum there are 
thus 7 events coming unambiguously from Ds decays. 
Using the result from the fit o f  the mass distri- 
but ion given previously and the expected contri- 
butions from the different mechanisms shown in 
fig. 2, the number  of  events coming exclusively 
from the direct semi-leptonic decay Bs ~ / I D s X u  is 
then: NBs_o~u~x(Pt ~ > 1.2 GeV/c )  5.4 +2.7 and -2.1 

is larger than 2.2 at the 95% confidence level. 
The same analysis was repeated to check the charge 

relation between the muon and the Ds. As explained 
in section 2, same-sign muon-Ds  correlations come 
from misident if ied muons or from the combinator ia l  
background under  the Ds peak. In fig. 5a, the KKn 
mass dis t r ibut ion of  these same sign events containing 
a ~b or K *° mass is shown: no accumulat ion exists 
around the Ds mass. 

Other checks were also made. A cut on the cos ~, dis- 
tr ibution,  namely [ cos ~ul t> 0.5, has been used. In fig. 
5b the KKn mass dis tr ibut ion is given for the events 
that  were rejected by this cut. As expected, no clear 
signal is visible around the Ds mass. Taking events in 
the wings of  the ~b and of  the K *° mass regions, the cor- 
responding KKn mass dis tr ibut ion is given in fig. 5c. 
No accumulat ion exists around the Ds nominal  mass. 
Using the same mass selection but taking a muon of  
the same sign as the K K n  candidate,  a s imilar  distri- 
but ion was obtained with slightly fewer entries (fig. 
5d). 

4.2. B ° production rate 

To measure the B ° meson product ion rate, the num- 
ber of  Ds -muon  candidates was compared  to the cor- 
responding number  of  D ° - m u o n  events observed in 
similar conditions.  This approach had the advantage 
that uncertainties on several parameters,  such as the 
muon detection efficiency or the b quark fragmenta- 
tion distr ibution,  did  not contribute. Also, the Monte  
Carlo simulat ion was in that case only used to cor- 
rect for the differences in acceptances between the two 
samples of  events. The D O was reconstructed in the 
K - n  + decay channel and events were selected i f  the 

transverse momentum of  the muon was larger than 
1.0 GeV/c  and if  the decay length was positive and 
larger than one s tandard deviation. These cuts were 
chosen to get a clean D O meson signal [12]. It con- 
ta ined 67 :k 10 events. In this evaluation, the follow- 
ing parameters  (see table 1 ) were used: 
- probabi l i ty  to produce a B ° meson in a b-jet equal 
to 12%. 
- probabil i ty  to produce a B ° or a B + meson in a b- 
jet  equal to 75 %. 
- same value for the semi-leptonic branching fraction 
for all B mesons. 
- probabi l i ty  to produce a Ds meson in a Bs ° semi- 
leptonic decay equal to 80 %. 
- and from ref. [7]: probabil i ty  to produce a D o me- 
son in a B ° or in a B + semi-leptonic decay equal to 
70 %. 
Dedicated  samples of  events were generated to study 
the acceptance for the Ds meson decaying into ~bn and 
K*°K respectively. Without  including the muon detec- 
tion efficiency which was similar  for the D O and Ds fi- 
nal states, 5.5 + 0.8% of  the events were reconstructed 
in the K*°K channel, with a muon at Pt larger than 1.2 
GeV/c .  For  the ~bn channel, 9.9 + I. 1% of  the events 
were accepted. (In these simulations the K *° and the 
~b mesons were generated with 100 % branching frac- 
tions into charged particles, and this was corrected for 
later.) For  the D O decaying through the K - n  + chan- 
nel, 19.95: 2.4% of  the events were kept. The expected 
number  of  candidates from Bs ~ DspuX decays was 
then: 

NBs--Dsu,X (Pt >/ 1.2 GeV/c )  

= (5 .3  zi: 1 .0 )  × B R ( D s ~ b n )  
BR(D 0 ~ K - n + ) "  

(In this expression only the statistical accuracy is 
quoted and the same branching fractions were as- 
sumed for the Ds meson decaying into ~bn or K*°K 
final states. ) 
This evaluation is compatible  with the 5.4 events 
events that were measured and implies that the B ° 
product ion and decays are in agreement with the hy- 
potheses listed above. If  no-B ° meson were produced 
in hadronic  Z ° decays, less than 1 event would be 
expected from the semi-leptonic cascade decays of  
non-strange B mesons and also, less than 1 event 
could have been produced through the mechanism 
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Fig. 5. KKtt mass distributions associated to a muon with a P~ larger than 0.8 GeV/c compared to the same distributions 
obtained in different conditions (shaded) (a) selecting same-sign muon-Ds correlations. (b) selecting events with I cos q/I ~< 0.5 
(c) selecting events in the wings of the q~ and of the K *° signals. (d) selecting events in the wings of the q~ and of the K *° 
signals and same sign muon-Ds correlations. 

lb. These numbers  are to be compared to the 7 
candidates that were isolated. 

An absolute value for the rate of production of these 
events has been obtained by applying acceptance and 
efficiency corrections and taking into account the ef- 
ficiency of muon identification. It corresponds to the 
probability that a Z ° boson decays into a b quark pair, 
that at least one of the b quarks becomes hadronized 
into a B ° meson, that the B ° undergoes a direct semi- 
leptonic decay giving at least one muon  and a Ds me- 
son in the final state, and that the Ds meson decays 
into q~n: 

P (Z ° ~ b or b --* B~ ~ Ds/~vX, D~ ~ 4~z ) 

= ( 1 8 ± 8 )  x 10 -5 . 

The quoted accuracy is purely of statistical origin. 
The systematic errors from the modelling of the b 
quark fragmentation and from the uncertainty on B 
hadron semi-leptonic decays are much smaller and 
have been neglected. 

4.3. Expected  signal f r o m  the D + ---, (an or ~ K * ° K  

In fixed target experiments and at e+e - colliders 
operating at lower energies the signal from the Ds is 
generally accompanied by a signal from the D + com- 
ing from the Cabibbo suppressed K K n  decay chan- 
nel. The relative importance of the D~ and D + signals 
is 3:1 at the Y(4S), where D mesons are produced in 
the inclusive decays of B ° and B + mesons. 

In the process we are studying, at large Pt, Ds mesons 
are expected to be produced from B ° semi-leptonic 
decays whereas D + come from semi-leptonic decays 
of non-strange B mesons. The D + fraction in semi- 
leptonic B meson decays has been measured by the 
ARGUS and CLEO Collaborations [7]: 

BR(B--~ D+guX)  = 0,26 ± 0.07 ± 0.04. 
BR(B -~ guX) 

The expected signal from the D + in the present 
data depends strongly on the evaluation of the ra- 
tio of the branching fractions of the Ds and of 
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the D + into On and K*°K final states. I f  we take 
BR(Ds ---* On) = (3.1+1102)% as used by CLEO [8], 
and BR(D + - - ,  ~bn) = ( 0 . 5 7 + 0 . 1 1 ) %  as given by 
the Particle Data  Group  [13], the expected number  
of  events in the D + region will be 0.42 to 0.24 t imes 
the number  of  events observed at the Ds mass. For  
Pt larger than 1.2 G e V / c  this corresponds to 1.7 to 3 
events when at most one event was observed. With  
the present statistics, this is compat ible  i f  not very 
significant. 

Considering now the region at lower Pt, the contri- 
but ion from the D + is only expected from the dia- 
grams in which a B hadron decays into two D mesons, 
one of  them being a Ds, and where a muon is pro- 
duced in the semi-leptonic decay of  the Ds meson. Es- 
sentially no signal from the D + is expected in this P~ 
region. 

It is thus not surprising to see only a signal from 
the Ds meson. 

4.4. Transverse momentum behaviour of the Ds signal 

When the cut appl ied on the transverse momen-  
tum of  the muon was removed,  a signal of  1 1.5 i 5.1 
Ds events was observed, after having subtracted the 
possible contr ibut ion coming from the reflection of  
the D +. As shown in Section 4.1, at Pt larger than 
1.2 GeV/c ,  7 events remain. From the Monte Carlo 
simulation, using the transverse momen tum distr ibu- 
t ion expected for the muon (fig. 2), 6.2 events are ex- 
pected in the same Pt range if  the full dis t r ibut ion is 
normalized to the above 1 1.5 events. 

5. Evaluation of the lifetime of the B ° meson 

From the observation o f  unambiguous B ° meson 
decays, it is already clear that the B ° lifetime cannot 
be too low. A very short l ifetime would imply a cor- 
respondingly small semi-leptonic branching fraction 
and thus no muon candidate.  

The events obtained,  were used to evaluate the B ° 
lifetime. The decay length dis tr ibut ion of  the Ds decay 
vertices relative to the main  vertex of  the event was 
studied and compared  to the corresponding distr ibu- 
t ion obtained for the D O decay vertices selected in D °- 
muon candidates.  The topologies of  these two classes 
of  events are very similar,  as are the lifetimes of  the 

D O and Ds mesons. Using the mean values of  the two 
distributions,  the value of  the Bs ° meson lifetime rel- 
ative to that of  non-strange B mesons was measured 
to be 

z~o = 0.8 i 0.4. 
ZB 

At this statistical level, the measurement  of  this ra- 
tio will not be significantly biassed by the D lifetimes 
which are short compared to the B lifetime [14]. 

6. Conclusions 

Seven unambiguous events containing, in the same 
jet, a Ds meson and a muon, with the muon at large 
transverse momentum relative to the je t  axis, and 
with the Ds reconstructed through the ~bn and K*°K 
decay channels, have been isolated in DELPHI.  Less 
than one event was expected i f  no B ° product ion was 
present during the hadronizat ion of  the b quark. At 
lower values of  the muon transverse momentum the 
Ds signal agrees with the expectations from a Monte 
Carlo simulation in which Ds mesons are produced 
from B mesons decays. 

A similar result, using the ~bn decay mode of  the 
Ds has been reported in the LaThuile and Moriond 
spring 1992 meetings by the ALEPH Collaboration, 
as was this result from DELPHI  [15]. 

In a hadronic Z ° decay final state, the probabil-  
ity of  a B ° meson to be produced and decay semi- 
leptonically into the Ds/~uX final state, with the Ds 
meson decaying into q~n has been measured to be 

( 1 8 + 8 )  × 10 -5. 

F rom the decay length distr ibution of  these events, 
the lifetime of  the B ° meson is found to be 0.8 4- 0.4 
times the average B particle lifetime. 
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