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Abstract

The study of the properties of inclusive production of Ds mesons and of events
in which a � and a muon are present in the same jet provides two indepen�
dent measurements of the probability
 fws 
 for a heavy quark to hadronize into
a strange B or D meson� The data sample analysed corresponds to �
����
hadronic Z� decays recorded in ����� The combined value of these measure�
ments is fws � ���� � ���	 � ����� From the �ight distance distributions of Ds

and of ��� lepton� secondary vertices
 with the lepton emitted at high trans�
verse momentum relative to the jet axis
 two values are obtained for the B�

s

meson lifetime� Combining these measurements with a previous result based
on the study of Ds � � events
 the B�

s meson lifetime is measured to be �
���	 � ���� ps�

�To be submitted to Zeit� Phys� C��
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� Introduction

In this article a study of strange B meson production in �
�
��� hadronic Z� decays
recorded in the DELPHI detector in ���� is reported� Using two independent inclusive
channels
 the B�

s production rate and the decay lifetime have been measured� The study
of B�

s�
�B�
s oscillations
 providing important constraints on the C�K�M� matrix elements

and leading to a measurement of the phase responsible for CP violation
 will become
possible when the available statistics are considerably greater than at present�

B�
s mesons are expected to be produced at a rate an order of magnitude smaller than

non�strange B mesons� thus decay channels which allow strong rejection against non�
strange B�hadrons have to be used� In a recent publication ��� evidence has been given
for the production of B�

s mesons at LEP from the observation of seven events in which
a muon and a Ds meson were present in the same jet� The muon was required to have
large transverse momentum �plt � relative to the jet axis
 and
 as a consequence
 the
sample was enriched in direct B�hadron semi�leptonic decays� The Ds meson
 exclusively
reconstructed through the �� or �K��K decay modes
 signalled the B�

s �
To increase statistics
 two more inclusive decay channels have been used for the present

analysis� Since the presence of a Ds meson provides an enriched B�
s sample
 the �rst

consists of events containing a Ds meson decaying to ��� The second sample contains
events with a high plt lepton accompanied by a � meson in the same jet�
In section �
 a description of the components of the DELPHI detector which are used

in this analysis is given� The inclusive production of Ds meson and of ��� lepton� events
are treated in section � and 
 respectively �
Since these studies are based on samples of events rich in strange D or B hadrons
 the

measured rate of the selected events is used to evaluate the probability
 fws 
 that a weakly
decaying strange heavy meson is produced during the hadronization process of a c or a
b quark� Throughout this paper this parameter is assumed to have the same value for
the two �avours of heavy quarks� It di�ers from the usual probability
 fs
 that a heavy
quark hadronizes with a strange antiquark because of the possible production of D��

s or
B�
s

��
states that could decay into non�strange D or B mesons �non�strange D�� or B��

states can conversely decay into Ds or Bs mesons �� Also
 fws is more directly related to
the measurements and is independent of the modelling of the hadronization mechanism�
Similarly
 fwbaryon is the probability that a weakly decaying heavy baryon be produced by
the hadronization of a heavy �avour quark�
The two selected samples of events have also been used to measure the B�

s meson
lifetime�

� The detector

The components of the DELPHI detector which play an important role in the present
analysis are described here� A complete description of the DELPHI apparatus is given
in ����
The muon identi�cation relies mainly on the muon detector
 a set of drift chambers

�each with � layers� providing three dimensional information� In the barrel part three sets
of chambers �MUB� cover polar angles between ��� and ����
 with the �rst located inside
the magnet return yoke
 the second set just outside the yoke
 and the third set further out
having a small overlap with the others� The two sets of forward muon chambers �MUF�
cover polar angles between �� and 
�� and between ���� and ����� In each arm the �rst
set is located inside the yoke and the second outside�



�

The central tracking system
 comprising the inner detector �ID�
 the time projection
chamber �TPC� and the outer detector �OD�
 measures the charged particle tracks at
polar angles between ��� and ���� with a resolution of ��p��p � ������ � p
 �p in
GeV�c�� The TPC
 the main tracking device
 is a cylinder of �� cm inner radius
 ��� cm
outer radius and length ��� m� For the polar angles between ��� and �
�� it provides
up to �	 space points along the charged particle trajectory� The energy loss �dE�dX� for
each charged particle is measured by the ��� TPC sense wires as the truncated mean of
the smallest �� � of the wire signals� Using Z� � ���� events
 the dE�dX resolution
has been measured to be ��� �� For particles in hadronic jets the resolution is ��� �

and for �� � of the particles the dE�dX is not measured due to the presence of another
charged particle within the two�track resolution distance in z of the TPC�
The Microvertex detector �VD� ��� is made of three concentric shells of silicon�strip

detectors at radii of 	��
 � and �� cm covering the central region of the DELPHI apparatus
at polar angles between ��� and ����� The shells surround the beam pipe
 a beryllium
cylinder ��
� mm thick with a ��� cm inner radius� Each shell consists of �
 modules with
about �� � overlap in azimuth between the modules� Each module holds 
 detectors with
strips parallel to the beam direction� The silicon detectors are ��� �m thick and have a
diode pitch of �� �m� The read�out strips ��� �m pitch� are AC�coupled and give a � �m
intrinsic precision on the coordinates of the charged particle tracks
 transverse to the
beam direction� After a careful procedure of relative alignment of each single detector

an overall precision of � �m has been achieved� Using the combined information from
OD
 TPC
 ID and VD a resolution of ��� � on ��p��p has been obtained for 
� GeV�c
muons�

� Inclusive Ds meson production

��� Ds production in Z� decays

The decay of a B meson usually yields a charmed hadron� The simplest way to
represent this process is by the spectator quark model where the b to c transition occurs
via the emission of a virtual W which couples to a lepton anti�neutrino or a �ud pair�
The resultant c quark recombines with the spectator antiquark to form a D meson� The
corresponding diagram ��gure ��a� shows a B�

s meson decaying to a Ds with either a
charged lepton anti�neutrino pair or light meson�s�� Other B�meson decay diagrams
also contribute and have been included in the version of the JETSET ��� generator �
�
program presently used in DELPHI� The branching ratios of the B decays have been tuned
to reproduce the measured inclusive decay properties of B� and B� mesons� According
to this simulation program
 which uses the same type of decay mechanisms for all B
hadrons
 the inclusive branching fraction Br�B�

s � DsX� is ���
 which agrees with a
theoretical calculation giving Br�B�

s � DsX� � �	
��
���� ���� The latter value has been

used in this analysis�
There are
 however
 other sources of Ds mesons in Z� decays � the hadronization of

charm quarks coming directly from the Z� ��gure ��b� and the decays of non�strange
B�s which produce a Ds mainly in the quasi two�body process B � D���D���

s ��gure ��c��
The purity of B�

s in a Ds sample will therefore depend both on the relative strength of
these di�erent sources and on the experimental selection procedure�
Initial estimates of the branching ratios for the processes illustrated in �gure � have

been made by assuming that



�

� the couplings of the Z� to c�c and b�b quarks pairs agree with the Standard Model

expectation �
�
Z��cc

�
Z�
�Hadrons

� ����� and
�
Z��bb

�
Z�
�Hadrons

� ������


� the hadronization of c and b quarks into heavy hadrons is given by the JETSET ���
generator program �fws � ����
 f

w
baryon � ����
 Prob�b� Bu�d� � ���� and

� the production of Ds mesons in B� or B�
d decays is the same as the one measured

in ��
S� decays �Br�Bu�d � DsX� � ���� � ����stat�� 
���syst� � �	��


obtaining �

Br�Z� � B�
s � DsX� �

�Z��bb

�Z��Hadrons

� �� fws �Br�B�
s � DsX� � 
�� �

Br�Z� � c�c� DsX� �
�Z��cc

�Z�
�Hadrons

� � � fws � 
�� �

Br�Z� � Bu�d � DsX� �
�Z��bb

�Z��Hadrons

������fws �f
w
baryon��Br�Bu�d � DsX� � ��� �

Hereafter Ds mesons produced in the process of �gure ��b will be referred to as direct
Ds and those coming from the processes of �gures ��a and ��c as cascade Ds�
Using the kinematical cuts described below for selecting events with a Ds meson
 the

contribution from direct Ds is suppressed and a sample of events enriched in B�
s mesons

is obtained�

��� Reconstruction of Ds mesons

Events containing Ds mesons are selected by the decay of a Ds to �� �Br�Ds � ��� �
���� ���� �	� � with the � decaying to a K�K� system� The narrow width �
�
 MeV� of
the � meson and its position ����� MeV�
 close to threshold
 in the K�K� mass distribu�
tion ensure a low combinatorial background� The spatial and the momentum resolutions
of charged particles reconstructed in the central tracking detectors are considerably im�
proved when the reconstructed trajectory can be associated to points measured in the
vertex detector� Only particles with momentum greater than � GeV ���� GeV for the
candidate pion� with at least two associated hits in the VD and having an impact pa�
rameter with respect to the �tted primary vertex less than � mm in the transverse plane
are used in the analysis�
The invariant mass of pairs of oppositely charged particles is computed with each

particle assigned the kaon mass and with the requirement that the ionisation in the TPC
for each track be either unmeasured or lower than the one expected for a pion of the
same momentum�
For illustration purposes in �gure � the K�K� mass spectrum is shown for particles

passing a stronger cut on the ionization
 namely requiring that the ionization be measured
and smaller than �� � of that expected for a pion of the same momentum� The � peak
is observed at ������ � ��� MeV and has a width of 
�	 � ��� MeV� This mass resolution
is consistent with the expected value from the Monte Carlo simulation�
Secondary vertices are reconstructed for each pair of charged particles with a �K�K��

mass within � �� MeV of the nominal � mass with a third charged particle �assumed to
be a pion� in the same jet� The ��prong combination is retained as a Ds candidate if

� the vertex �� probability is greater than � �




�

� the distance
 projected in the plane perpendicular to the beam
 from the primary
interaction point is larger than the experimental error on the �ight path �typically
��� �m�


� the angle 	 between the kaon and the pion in the � rest frame satis�es the condition
j cos�	�j 
 ��



� the angle ��
 de�ned as the angle between the � direction in the Ds rest frame and
the Ds line of �ight in the laboratory
 satis�es the condition cos���� 
 ���� and

� the fraction of the beam energy taken by a Ds meson �x � EDs
�Ebeam� is smaller

than ��� �this reduces the direct Ds contribution��

The resulting �� invariant mass distribution is shown in �gure �� A clear signal

centered at ��	� � � MeV
 containing �� � �� events can be seen� This peak lies
� MeV below the nominal Ds mass� a similar displacement has been observed by this
collaboration on other reconstructed charm signals such as D� � K��� ��� and has
been attributed to residual distortions in the relative alignment of individual tracking
detectors�
The cos�	� distribution
 before the cut on this variable
 has been studied to verify

that the signal behaves as expected for a pseudoscalar particle decaying into a vector
plus a pseudoscalar particle� The j cos�	�j distribution �see �gure 
�a� after background
subtraction is found to be consistent with the expected cos��	� behaviour� The tight cut
on the K�K� mass has the e�ect of strongly suppressing contributions to the signal from
kinematical re�ections of other charmed mesons�

��� Measurement of fw
s
from inclusive Ds meson production

The e ciencies of the selection criteria are not the same for each of the processes
contributing to the observed Ds meson sample� The respective contributions from the
processes of �gure ��a
 ��b and ��c are di�erent from the production rates given in sec�
tion ��� � The cuts applied on the measured decay length and on the beam energy
fraction taken by the Ds meson reduce the contribution from direct Ds� These e cien�
cies have been determined from the Monte Carlo samples to be ���	 � ��	�stat� � and

�� � ����stat� � for the cascade and the direct Ds meson samples
 respectively
 not
including the branching fraction of the � meson into K�K��
The residual contribution of direct Ds has been studied as a function of the transverse

momentum of the Ds measured with respect to the jet axis� The latter is computed
using charged particles including the decay products of the Ds� This distribution
 shown
in �gure 
�b
 has been �tted to a linear combination of the distributions for direct and
cascade Ds obtained from Monte Carlo simulation� An upper limit of ��� events is
obtained for the contribution of the direct Ds component using its �tted value increased
by � standard deviation� This component corresponds then to less than �	 � of the total
number of candidates�
A consistency check of the enrichment of the sample in cascade Ds is obtained from

the distribution of the apparent lifetime of the Ds de�ned as �app � L � �
�c sin����
where L is the distance
 in the transverse plane
 between the primary vertex and the Ds

decay vertex� Selecting events with a transverse momentum larger than ��� GeV
 the
mean apparent Ds lifetime has been measured to be ��� � ��
 ps� This value can be
compared to the corresponding expectation from the Monte Carlo simulation of ��� ps
for cascade and ��	 ps for direct Ds meson production �this latter value is not equal to
the true Ds lifetime because of the cut on the �ight path previously described�� This
argument is valid if the B�

s lifetime is not too di�erent from the value of ��� ps used in



�

the Monte Carlo simulation � this assumption is in agreement with the result obtained in
this article �see section ���
The contribution of direct Ds has been computed from the production rate measured

by ARGUS and CLEO ��
�� below the threshold for B meson production and from the
inclusive cross�section ��e�e� � c�c� measured at the same energy
 resulting in Prob�c�
Ds�Br�Ds � ��� � ������ ���
�� ���� Assuming that this probability does not depend
on the centre of mass energy
 this corresponds to ��� � ��� reconstructed events which
have been subtracted from the observed sample� Correcting the number of reconstructed
Ds mesons for the overall acceptance and e ciency and assuming the Standard Model
value ��Z� � b�b����Z� � hadrons� � �����
 the inclusive fraction of B decays to Ds

mesons
 subsequently decaying into ��
 at LEP energies is �

B� � Br�b� DsX�Br�Ds � ��� � ����� ����stat�� ����syst��� ����

The same quantity has been measured at the ��
S�
 where no B�
s mesons are produced


by ARGUS and CLEO collaborations ���� giving a combined value of �

B� � Br�b� DsX��j��
S�Br�Ds � ��� � ����� � ����� � ����

This clearly implies an excess
 Es
 of inclusive Ds production in B decays at LEP�
The measured excess can be attributed to the production of Ds mesons in B

�
s decays and

calculated from Es � B� � �� � fws �B�� Using
 conservatively
 �� � fws � � ��� � ��� this
excess is found to be

Es � Br�b� B�
s � DsX�Br�Ds � ��� � �	�� � ����stat�� ����syst��� ����

This measurement con�rms the production of B�
s mesons reported earlier in the study

of Ds production in association with a charged lepton ����
Alternatively the measurementof B� and B� together with theBr�Ds � ��� � �� ��

and Br�B�
s � DsX� � �	

��
���� can be used to evaluate f

w
s from

B� � fws Br�B
�
s � DsX�Br�Ds � ��� ! ��� fws �B�

In this way the probability of a b quark fragmenting into a B�
s meson is determined to

be
fws � ���
� �����stat�

�����
������syst�

The sources of the systematic error and their contributions are listed in Table ��

The systematic uncertainty on the selection e ciency takes into account both the dif�
ference between the Monte�Carlo simulation and the actual performance of the DELPHI
detector and the dependence of this e ciency on the B�

s meson lifetime ����� The latter
e�ect provides the dominant contribution giving a � � change in the selection e ciency
for a �� � variation around the central value of ��� ps for the B�

s meson lifetime used in
the Monte Carlo�

��� A measurement of the B�
s
meson lifetime

For a lifetime measurement of B�
s 
 the selected sample of events has to have a high

signal to background ratio� To achieve this the selection criteria described in section ���
have been tightened
 in particular those based on the TPC particle identi�cation because
they are not correlated with the variables used in this measurement� It was required that

� the ionisation information be present for both kaon candidates and be compatible

at the level of one standard deviation
 with the kaon hypothesis




�

Table �� Systematic errors on fws determination

Systematic source Parameter range Absolute variation on fws

Br�Ds � ��� � � � � �����
����


Br�B�
s � DsX� �	 ��

��� �
�����
�����

Br�b� DsX�j��
S�Br�Ds � ��� ����� � ������ ���� �����

Selection e ciency ���� � ��� � ����


� the K�K� mass be within � MeV of the � mass ����� MeV�

� the transverse momentum of the Ds �p

Ds
t � be greater than ��� GeV�

The residual component due to direct Ds production was reduced to ��	 � ��
 events by
the pDs

t cut� The resulting �� mass spectrum is shown in the inset of �g��� In the mass
interval between ��
� and ���� MeV�c�
 �� events pass these cuts of which ��� � ��� can
be attributed to the combinatorial background�
For these events a B meson proper lifetime was de�ned as�

tB �
L��c sin��Ds��� 
Ds�Ds�Ds


B�B

where L is the distance between the primary vertex and the Ds decay vertex in the
transverse plane� 
B has been estimated using a parametrisation of the relation between

B and the Ds energy� The form ��
 � a��ED ! b� ! c with a � ����
 � ����	 GeV 

b � �
��������GeV and c � ������������

 determined from Monte Carlo simulation

has been used� After this rescaling
 the B�

s energy resolution is found to be �� ��
A maximum likelihood �t has been performed on the proper decay time distribution

shown in �g� �� The �tting function was made up of a superposition of two distributions�

� the distribution for B�
s events
 determined from Monte Carlo
 taking into account

the experimental resolution on the �ight distance
 the smearing of the estimated 
B
factor for B�

s and the e�ect of the cut on the �ight distance and
� the distribution for background
 as measured from two control regions either side of
the signal in the mass distribution�

The B lifetime
 the only parameter of the �t
 was determined to be

� �B � DsX� � ���

�����
������stat�� �����syst� ps

The dominant contributions to the systematic error come from the background parametri�
sation and from the uncertainty on the parameters of the relation between 
B and the
Ds energy�
Using the combined measurement of fws ����� � ���� � see section �� presented in this

article the purity in B�
s meson of this sample is estimated to be �� � �� 	�� Using the

average value for the B lifetime ���� a determination of the B�
s lifetime was obtained �

� �B�
s � � ����

���
�
����� �stat�� ���� �syst� ps



�

� Inclusive associated production of � meson and

lepton

A second sample of events rich in B�
s mesons
 independent of the sample just described


has been obtained by selecting events containing a high plt lepton accompanied by a �
meson in the same jet� The � meson is more likely to be a decay product of Ds than
of non�strange charm hadrons because of the presence of a strange valence quark in the
Ds� The inclusive production rate for � from decays of D� and D� due to Cabibbo
suppressed transitions and also due to W�exchange diagrams for the D�
 or from �nal�
state interactions has not been measured� Nevertheless
 from the measured exclusive
decay channels
 it has been shown ���� that the inclusive rate of � mesons from D�
 D�

and Ds meson production can be inferred with reasonable accuracy� Also
 it has been
shown
 in section �
 that the probability that a Ds meson is produced in a B�

s meson
decay is an order of magnitude larger than in non�strange B meson decays�
A sample of events with a � meson is thus likely to contain a mixture of b and c quark

events �direct and cascade Ds events of section ��� The additional requirement of an
identi�ed charged lepton in the same jet reduces the contribution of light quarks to the
production of � mesons�
Since prompt leptons from B meson decays are emitted at larger transverse momenta

than in direct charm or cascade B meson decays
 selection of events with a � meson and
a charged lepton emitted at large plt should provide a substantially enriched sample of B

�
s

decays�

��� Selection of � meson�lepton events

To measure the B�
s production rate from �� lepton events only muons are used�

Details on muon identi�cation are given in ��
�� The identi�ed muon is required to have
associated hits in at least two layers of the VD and a measured momentum greater than
� GeV�c�
In each event with an identi�ed muon all other charged particle tracks with an impact

parameter less than � mm are used to reconstruct the primary vertex using the known
position of the beam spot as a constraint� If the primary vertex �t has a ���probability
less than ����
 an iterative procedure is applied removing
 at each iteration
 the track
contributing most to the ��� In a Monte Carlo generated bb sample
 this procedure is
found to reconstruct vertices with an accuracy of �� �m in the horizontal direction
 where
the beam spot has the larger spread
 and 
� �m vertically�
Charged particles are then separated in two hemispheres by the plane orthogonal to the

event thrust axis and containing the primary vertex� It has also been required that the two
kaons and the lepton form a vertex with a ���probability greater than ����� The invariant
mass of pairs of oppositely charged particles
 assigned the kaon mass
 having momentum
greater than ��� GeV�c and in the same hemisphere as the identi�ed muon is shown in
�gure 	�a� A signal of �� � �� events is observed centered at the expected � mass�
Restricting the sample to events with the muon having transverse momentum greater
than � GeV�c �to the jet axis determined without including the muon� the observed �
signal is �� � 	 as shown in �gure 	�b� The cut on the transverse momentum of the �
improves the signal to noise ratio by a factor ��



	

��� Measurement of fw
s
from � meson�lepton correlations

In order to extract fws from the data
 the di�erent sources of signal and background
have been examined� Three main processes contributing to the selected events are listed
below in decreasing value of the mean transverse momentum of the muon with their prob�
abilities per hadronic Z� decay� The di�erent probabilities for a given process I are noted
P x
I where the letter x refers to a subprocess which depends mainly on the strangeness
content of the decaying heavy hadron� These di�erent subprocess are displayed in Fig�
��

� process � � the muon is produced in the direct semileptonic decay of a B meson�
Two processes contribute � from strange and non�strange initial B mesons ��gure
��a� �

P a
� � � � �

�Z��bb

�Z��Hadrons

�� fws � �Br�B
�
s � Ds�X�

� �Br�Ds � �X��!

Br�B�
s � Dns�X�

� �Br�Dns � �X���

where Dns means non�strange D mesons
 and ��gure ��b�

P b
� � �� �

�
Z�
�bb

�Z�
�Hadrons

�� ��� fws � fw�baryon�� �Br�B � D��X��

Br�D� � �X�� !Br�B � D��X� �Br�D� � �X���

Non strange B meson semileptonic decay to Ds is highly suppressed since it requires
a cascade B � D�� � Ds and hence has not been included�

� process � � both the muon and the � come from a D meson produced in the cascade
decay of a B meson� There are three main sub�classes �

�� the initial B meson is not strange � the � and the � are produced through decays
of two di�erent D hadrons ��gure ��c� �

P c
� � � � �

�
Z�
�bb

�Z�
�Hadrons

�� ��� fws � fw�baryon��Br�B � DsDX��

�Br�D� �X� �Br�Ds � �X�� !Br�Ds � �X� �Br�D� �X���

�� the initial B meson is a B�
s � both the � and the � are produced through the

decay of a Ds meson ��gure ��d� �

P d
� � �� �

�
Z�
�bb

�Z�
�Hadrons

�� fws �Br�B�
s � DsX�

� �Br�Ds � ����

�� the initial B meson is not strange � both the � and the � are produced through
the decay of a Ds meson ��gure ��e� �

P e
� � �� �

�Z�
�bb

�Z�
�Hadrons

�� ��� fws � fw�baryon��Br�B � DsX��Br�Ds � ����

� process � � the muon comes from the semileptonic decay of a D meson produced in
Z� � cc events ��gure ��f�� Only Ds semileptonic decays are expected to contribute
to this process �

P f
� � �� �

�Z�
�cc

�Z�
�Hadrons

�� fws �Br�Ds � ����






In these expressions it has been assumed that B baryons were not contributing to
� � l events � this assumption gives a negligible contribution to the overall systematic
uncertainty attached to the measurement of fws �
In the above expressions
 quantities marked by a �"� have not been directly measured

up to now and their possible ranges of variation are studied below�
The inclusive branching fractions of the D�
 D� and Ds

� mesons into a � meson have
been considered in ����
 and the following values are found to be most likely

Br�Ds � �X� � �
��� �����Br�Ds � ����

Br�D� � �X� � ����� ���� �

Br�D� � �X� � ����� ���� �

As indicated in section ���
 the inclusive branching fraction B�
s � Ds X is assumed

to be �	��
�����

The probability of a b quark fragmenting to a B baryon
 fw�baryon
 is assumed to lie
within � and �� � � set to � � in JETSET �����
The expected fractions of strange and non�strange D mesons produced in the semilep�

tonic decays of B�
s mesons have been inferred from the D

�� production rate measured in
non�strange B decays ����� For the transitions B�

s � Dsl� and B�
s � D�

s l�
 a Ds meson
is always produced in the �nal state
 whereas in case of B�

s � D��

s l� or B
�
s � DK�n��l�

decays
 the produced charmed meson is mainly non�strange ��	�� In this analysis the
following values have been used �

Br�B�
s � D�X� � ���� � ��
�

Br�B�
s � Ds�X� � ����� � ����� �Br�B�

s � D�X�

The main sources of background have been evaluated from the Monte Carlo simula�
tion
 which has been found to describe them correctly in the analysis of inclusive muon
production ��
� �
These are �

� events tagged by a non prompt or fake muon �the main sources are light hadron
decays and hadronic punch�through���gure ��g�� They amount to about 
� � of
all the candidates� Their contribution is greater at low p�t 
 while for p

�
t greater

than � GeV�c it amounts to ��� � � of the candidates� The contribution of this
contamination has been evaluated from a Monte Carlo sample of size close to that
of the data�

� events tagged by a prompt muon with the � meson produced as part of the original
b�quark fragmentation ��gure ��h�� This contribution is expected to be small
 about
� ��

� events tagged by a prompt muon with the � meson a decay product of the B me�
son and not a secondary charm particle� Contributions from non�strange B meson
decays are expected to be negligible since these originate from Cabibbo suppressed
transitions or non�planar hadronization mechanisms which require the presence of
an ss quark pair ��gure ��i�� In case of strange B hadron decays there could be a
contribution from normal �planar� hadronization processes that require the presence
of a ss quark pair� Monte Carlo simulation suggests that this source can also be
neglected�

The one remaining parameter
 fws 
 has been determined by comparing the p
�
t distri�

bution to the sum of the distributions predicted from Monte Carlo simulation for the



��

various contributing processes� The relative contribution of each predicted distribution
is set equal to the central values of the branching fractions quoted above� Minimizing the
�� over 
 p�t bins
 the probability of a b�quark fragmenting to a B

�
s meson is determined

to be
fws � ���� � �����stat��

The various contributions in the 
 p�t bins are summarized in Table � and shown in �gure
��

Table �� Number of �� � events in data and in Monte Carlo simulation

�� � candidates pt �������
� pt ���
����� pt ��������� pt 
 ��� Processes
DATA �������� �������� �����	�� �	������

MC � non�prompt muons ��� ��� 
�
 ���

MC � direct charm 
�	 ��� ��� ��� P f
�

MC � cascade decays ��� 	�� ��� ��
 P c
� ! P d

� ! P e
�

MC � direct beauty ��	 ��� ��� ���	 P a
� ! P b

�

As shown in �gure ��a muons from direct B decays account for ��� of the candidates
at transverse momenta larger than ��� GeV�c� In �gure ��b the �t to the data is shown
and compared with the predictions obtained for fws � � and f

w
s � ��
��

The e ciency of the selection has been measured using a Monte Carlo sample equiv�
alent to four times the data statistics and was found to be

��direct beauty� � ���� � ����

��cascade decay� � ��� � ����

��direct charm� � 	��� ����

for the three classes of events� The di�erences in the acceptances for the di�erent classes
are mainly due to the minimum muon momentum ���� GeV�c� and � meson energy
requirements�
Di�erences between data and Monte Carlo generated events have been investigated


the main one being due to the requirement of at least � VD hits associated to the muon�
The e ciency of the VD cuts used to select the � � � candidates has been determined
from the data
 using the decay chain D�� � D��� where the D� decays into K����
A D�� signal of about ��� events is observed without any vertex detector requirement�
The cuts used in selecting the �� � candidates have then been applied to both data
and Monte Carlo D�� candidate events� Other minor di�erences come from the cut on
the �� of the secondary vertex �t and from the muon identi�cation ��
�� The e ciency
determined from Monte Carlo was then corrected by the factor ���� � ���� which takes
into account all these e�ects�
The systematic uncertainty on the value of fws has been obtained by varying the pa�

rameters inside their respective acceptable range of values� The results of this study are
summarized in Table �� The total absolute variation is ����� The partial correlation be�
tween the branching ratio of Ds � �� and of Ds � ��� has been taken into account ��	�
�see �rst row of table ��� The largest systematic uncertainty comes from poor knowledge
of the decay branching fractions of the Ds meson� The contribution coming from all the
other parameters not reported in Table � has been veri�ed to be between ����� � �����



��

The result is
fws � ����� �����stat�� �����syst��

Table �� Systematic errors on fws determination

Systematic Source Range of variation Absolute variation of fws

Br�Ds � ��� ��� � ��� � ����	
Br�Ds � ���� corr� ��� � ��� � ! ���


Br�Ds � ��� ��� � ��� � � �����

Br�Ds � �� X �
�� � ���� Br�Ds � ��� � ����

DATA�MC e�� corr� factor �� � � � � ���


selection e ciency �
� Hadron misidenti�ed 
� � � � � ����
� Processes �
 �
 � � �� � � ����

��� B�
s
meson lifetime

In the preceding section it has been shown that the B signal to background ratio
increases as the cut on the muon transverse momentum is increased� The B�

s lifetime
measurement has
 therefore
 been restricted to events containing a muon with p�t greater
than � GeV�c� To increase the statistics
 ��electron events with pelt greater than � GeV�c
have been included in the analysis� Above this pt the purity of the identi�ed electron
sample is similar to that of the muon sample� The contamination from misidenti�ed
hadrons is at the level of �� �� The combined � signal contains �� � � events as shown
in the inset of Fig� ��
Using the values of � meson production rate in D meson decays ���� and the proba�

bilities for D�
 D�
 or Ds
� meson production in B semileptonic decays ����
 the purity of

B�
s in the �� l sample
 from B decays
 is determined to be

Nevts�B�
s � �lX�

Nevts�B � �lX�
� 		� ��stat� � ��

� ���syst� �

In the calculation of the decay time of the B meson
 two physical quantities need to
be determined � the �ight distance and the energy of the B meson�
The K�K�l pseudo�vertex is a good estimator of the B decay vertex as it has been

veri�ed using the Monte Carlo simulation� The distance �dmeas� between the primary



��

vertex and the K�K�l vertex has been compared with the generated B �ight distance
�dgen� from a sample of B�

s � Ds � �lX Monte Carlo generated events� The distribution
of �dmeas�dgen� has been found to have a mean value of �� �m with a resolution of ��� �m
indicating that the bias introduced in determining the lifetime using dmeas is negligible�
This result comes from the small decay distance of the Ds meson from the B decay and
the small opening angle between the K� and the K� from the � decay�
The energy of the B meson has been evaluated from the momentumof the ��l system�

A linear relation between the fraction of the B momentum carried by the � � l system
and the momentum of the �� l system is observed in the Monte Carlo �

p��l�

p�B�
� a! b� p��l�

with a � ����� � ����
 and b � ����� � ����� �GeV�c����
Using this relationship the B momentum is determined with a mean resolution of �� ��

The resolution improves with increasing energy of the � � l system� The proper decay
time distribution obtained is shown in �gure ��
A maximum likelihood �t has been performed on the proper time distribution with

the �tting function containing two terms
 one describing the signal and the other the
background
 weighted according to their relative proportions� The proper�time distribu�
tion for the signal is obtained from an exponential convoluted with a Gaussian whose
width is evaluated for each event
 taking into account the accuracy on the actual vertex
determination and the resolution on the B momentum� The proper�time distribution
for the background has been obtained from events selected in the wings of the � meson
signal� It contains two components
 one of zero lifetime
 which accounts for about �� �
of the events
 and one with a lifetime of ���
 ps �arising essentially from semi�leptonic
non�strange B decays�� Their proper time distributions are convoluted with Gaussian
distributions to account for the �nite accuracy of the proper�time determination� The
fraction ��� �� of the events which corresponds to genuine �mesons associated to hadrons
misidenti�ed as leptons is assumed to have the same lifetime distribution as background
events� This assumption is justi�ed in the present situation of low statistics�
The lifetime of this sample is determined to be

� �B � �l� � ���� ���


������stat�� �����syst� ps�

The systematic error is dominated by the uncertainty in the parametrisation of the back�
ground distribution and its lifetime� Using the value for the B�

s purity of 		 � �
��stat� � ��

� ���syst� � obtained above
 and taking the measured average value for the B
meson lifetime ����
 the B�

s lifetime is found to be

� �B�
s � � ���� � ���� ps�

� Conclusions

From the measured production rates of Ds mesons and of ��� events
 the probability
that a b quark combines with a strange antiquark to form a strange B�

s �meson in the
hadronization process has been measured to be

fws � ���
 � �����stat�
�����
������syst�

and
fws � ���� � �����stat�� �����syst�



��

respectively�
In both analyses the largest contributions to the systematic error come from poor

knowledge of theDs and B
�
s branching fractions� From the measurement of the production

rate of Ds�lepton in the same jet ��� fws was determined to be

fws � ����� �����stat�� ���	�syst��

Combining these three measurements the following value has been obtained �

fws � ����� ���	�stat�� �����syst��

From the decay time distributions
 the lifetimes for the Ds and �� lepton samples have
been measured to be

� �B � DsX� � ���

�����
����
�stat�� �����syst� ps

� �B � �l�X� � ���� ���


������stat�� �����syst� ps

Taking into account the purities of B�
s in these two samples and combining them with

a previous result obtained by this collaboration with Ds � � events ���


� �B � Dsl�X��� �B� � ���� ��
�

the B�
s meson lifetime is measured to be

� �B�
s � � ���	 � ���� ps�
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� Figure Captions

� Fig� � � Quark diagrams contributing to inclusive Ds meson production�
� Fig� � � K�K� mass distribution for particles with momentum greater than �
GeV�c and measured ionization in the TPC consistent with that of a kaon� The
curve shows the result of a �t with a Gaussian and a term for the background� The
latter has been parametrized with the function B�m� � p�m

p��� ! p�m ! p
m
��


where m � m�KK�� �mK�
� Fig� � � Invariant mass distribution of the �� candidates� The curve shows the
result of a �t with a Gaussian and a term for the background� The latter has been
parametrized with the exponential of a second order polynomial�

� Fig� 
 �

� 
�a� jcos�	�j distribution for the events selected in the Ds signal region after
combinatorial background subtraction�

� 
�b� Transverse momentum distribution of the selected Ds candidates� The
Monte Carlo predictions for Ds meson production for bb and cc events are shown
as dotted and hatched histograms respectively�

� Fig� � � The measured B proper time distribution for the Ds sample
 shown by
the points with the error bars� The curve is the result of the likelihood �t� The
shaded area corresponds to the background distribution� In the inset is plotted the
invariant mass distribution of the �� candidates used for the lifetime measurement
after tighter selection cuts�

� Fig� 	 � � meson signal in events accompanied by a muon in the same jet� a� with
no muon transverse momentum cut
 and b� with a muon transverse momentum
greater than � GeV�c� The curves are the result of the �t of the mass spectrum
using a Gaussian distribution for the signal and the same parametrization for the
background as in �g� ��

� Fig� � � Processes contributing to the production of � � � events with the � and
the muon appearing in the same jet� When several mechanisms of the same type
contribute to a given process
 only the dominant diagram has been displayed�

� Fig� � � Transverse momentum distribution of the muon in �� � events� The last
bin contains all events with p�t greater than ��� GeV�c�

� a� Data �points with error bars� and contributions from �i� fake muons �cross�
hatched�
 �ii� direct muons from D mesons �dense cross�hatched�
 �iii� cascade
muons �diagonal hatched� and �iv� direct muons fromB�

s mesons �dark�hatched��
� b� Data compared with expectations for di�erent values of fws � �i� ��� �the �t
result � dashed�
 �ii� ��� �dotted�
 and �iii� ��
 �dash�dotted�

� Fig� � � Measured proper time distribution of �� l events� The curve is the result
of the likelihood �t� The shaded area corresponds to the background distribution�
In the inset is plotted the invariant mass distribution of the � candidates used for
the lifetime measurement� The curve is the result of the �t of the mass spectrum
using a Gaussian distribution for the signal and the same parametrization for the
background as in �g� ��
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 Fig. 5
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 Fig. 6

0

10

20

30

0.975 1 1.025 1.05 1.075

m(K+K-) (GeV/c2)

E
nt

ri
es

/(
2 

M
eV

/c
2 )

 Fig. 6

0

4

8

12

16

0.975 1 1.025 1.05 1.075

m(K+K-) (GeV/c2)

E
nt

ri
es

/(
2 

M
eV

/c
2 )



��

b

B

b
-

ν
_

X
φ

b
–

ν
_

B°d

_

B
–

Ds

B°s
_

φ φD

b
–

ν
_

D bc

φ

B

φ
Ds

B

φ

a b

c d e

B°s
_

X

X

Ds
_

Ds
_

f g

h i

Ds

φ

c

ν

bc

D

φ

B

u, d
φ

s, c "
Hb

W

W

W

W

W

W
W

W

Fig. 7



��



��

 Fig. 9  ps

 E
n
tr

ie
s 

/ 
(0

.5
 p

s)

0

2

4

6

8

10

12

14

16

-2 -1 0 1 2 3 4 5 6 7 8

m(K+K-) (GeV/c2)

E
n

tr
ie

s/
(2

 M
eV

/c
2
)

0

2.5

5

7.5

10

12.5

15

17.5

20

0.98 1 1.02 1.04 1.06 1.08


