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Abstract

The production rates of B0
s, B

0
d and B+ mesons in b-quark events have been mea-

sured with the DELPHI detector at LEP. For the B0
s rate, the properties of the

fragmentation kaon accompanying the heavy meson have been used. The descrip-

tion of the fragmentation process in the simulation has been veri�ed with exclusively

reconstructed D-mesons in c-quark events. To determine the rate of charged and

neutral B-mesons, an algorithm has been developed, based on a neural network, to

estimate the charge of the weakly decaying B-meson through distinguishing decay

particles from their fragmentation counterparts.
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1 Introduction

The branching ratios of the b-quark into the di�erent species of b-hadrons are an impor-

tant input for many measurements, e.g. B-oscillation analyses. A direct measurement of

these quantities using exclusive decays is di�cult, since there are a lot of decay channels

with small branching fractions having large relative uncertainties [1]. The most precise

value for fBS , the fraction of weakly decaying B
0
s-mesons, is given by the LEP B oscillation

working group [2] to be fBS = (10:3+1:6
�1:5)%. The input used for this estimation are the

measured values of the integrated mixing parameter �� = fB0
d
�d+fBS�s at LEP and �d at

�(4S) experiments and the product branching ratio Br(�b! B0
s ) �Br(B0

s ! D�

s l
+�X) [3].

The baryon rate is estimated from similar products, using �+
c l

� and ��l� correlations

[4], leading to fb�baryon = (10:6+3:7
�2:7)%. For non strange B-mesons one gets, assuming

isospin symmetry and thus equal production rates for B0
d, B

+ 1 and
P

fB�species = 1,

fB0
d
= fB+ = (39:5+1:6

�2:0)%, the main uncertainty coming from the uncertainty of the

baryon rate. In this paper, an analysis of the data taken with the Delphi detector at

LEP in the years 1994 and 1995 is presented, which measures the fractions fBs and fB0d ;B+
in an inclusive way. The properties of the fragmentation kaon accompanying the strange
heavy meson have been exploited to measure the fraction of primary produced strange

b-hadrons. To reduce the dependence of fragmentation models, properties of fragmenta-
tion tracks have been studied using exclusively reconstructed D-mesons in a sample of c�c
enriched events. For the rates of neutral and charged b-hadrons, an e�cient algorithm

has been developed to distinguish tracks from B-decays from their fragmentation coun-
terparts. This allows an estimate of the charge of the weakly decaying hadron.
In �gure 1 a schematic picture of the b-hadron production process is shown. In table 1

the rates of the Jetset Monte-Carlo model are summarised.
All results presented in this paper are preliminary.

2 The Experimental Procedure and Event Selection

The Delphi detector is described in detail in references [5, 6]. The present analysis
relies on information provided by the central tracking detectors and the Ring Imaging

Cherenkov detectors.

� The microVertex Detector (VD) consists of three layers of silicon strip detectors

at radii of 6.3, 9.0 and 10.9 cm. R� coordinates in the plane perpendicular to the

beam are measured in all three layers. The �rst and third layers also provide Z

information (from 1994 on). The polar angle (�) coverage for a particle passing all

three layers is from 44� to 136�. The single point resolution has been estimated from
real data to be about 8 �m in R� and (for charged particles crossing perpendicular

to the module) about 9 �m in Z.

� The Inner Detector (ID) consists of an inner drift chamber with jet chamber

geometry and 5 cylindrical MWPC layers. The jet chamber, between 12 and 23 cm

1The presence of B�-mesons does not, contrary to the D-system, change the rates of charged and
neutral B-mesons, because their dominant decay mode is B�

! B
. This is also the case for orbitally
excited B��-mesons, if fB��0 = fB��+ , and isospin rules are used to calculate the dominant single pion
transitions.
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in R and 23� and 157� in �, consists of 24 azimuthal sectors, each providing up to 24

R� points. Since 1995, a longer ID has been operational. The polar angle coverage

now is from 15� to 165�.

� The Time Projection Chamber (TPC) is the main tracking device of Delphi. It

provides up to 16 space points per particle trajectory for radii between 40 and 110 cm

and polar angles between 39� and 141�. The precision on the track elements is about

150 �m in R� and about 600 �m in Z. For particle identi�cation a measurement

of the speci�c energy loss dE/dx is provided by 192 sense wires located at the end

caps of the drift volume.

� The Outer Detector (OD) consists of 5 layers of drift tubes between radii of 197

and 206 cm. Its polar angle coverage is from 42� to 138�. The OD provides 3 space

points and 2 R� points per track.

� The Ring Imaging CHerenkov counters (RICH) provide additional informa-

tion for particle identi�cation measuring the Cherenkov light, emitted by particles

traversing a dielectric medium faster than the speed of light. The barrel part of the
detector covers the polar angle from 40� to 140�. To cover a large momentum range,
one liquid (C6F14) and one gas (C5F12) radiators are used.

An event has been selected as multihadronic if the following requirements are satis�ed:

� There must be at least 5 charged particles in the event, each with momentum larger

than 400 MeV/c and polar angle between 20� and 160�.

� The total reconstructed energy of these charged tracks has to exceed 12% of the

center of mass energy (assuming all particles to have the pion mass).

� The total energy of the charged particles in each hemisphere (de�ned by the plane
perpendicular to the beam axis) has to exceed 6% of the beam energy.

After these cuts, about 2 Million events from the 1994 and 1995 runs have been

selected. About 4 Million simulated Z0 ! q�q events have been selected with the same

cuts. The simulation used the Jetset 7.3 model [7] with parton shower option and

parameters determined from earlier QCD studies [9], followed by a detailed detector
simulation [10].

2.1 Tagging b�b events

The most important variables to tag or antitag b�b events are the impact parameters of
charged tracks with respect to the primary vertex which is �tted on an event by event

basis using position and size of the beamspot as constraints. The output is a probability,
that a selected sample of tracks originate from the primary vertex. Thus, to select b�b

events, one requires low values of this probability. This method is described in detail

in [6]. To increase the e�ciency, additional variables like the track momenta and angles
with respect to their jet axis can be used. A description of this so called 'B con�dence

method' can be found in [11]. Here, the hypothesis is tested, that an event or a hemisphere

originates from a given type of quark. Thus, one requires values close to 1 for the b-quark

hypothesis to enrich the selected sample in b�b events.
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2.2 Hadron identi�cation

For the identi�cation of charged hadrons combined information provided by the TPC and

the barrel RICH is used. The tagging routine is based on probabilities for each particle

hypothesis evaluated separately for the gas and liquid radiator of the RICH and the

dE/dx measured in the TPC. For di�erent e�ciencies and purities three tags exist for the

hypotheses, namely 'loose', 'standard' and 'tight', where 'tight' gives the lowest e�ciency

and the best background reduction.

3 Measurement of the strange b-hadron rate

The absolute values of exclusive branching ratios of B0
s mesons are unknown and more

inclusive ones, like B0
s ! D�

s l
+�lX have large uncertainties. A measurement of these

quantities is di�cult, because the number of produced B0
s-mesons has to be known with

a certain accuracy. As a consequence, using exclusive or inclusive B0
s-decays to give an

estimate for the B0
s-rate in b�b events at

p
s = mZ is not possible with small errors. The

presence of B0 � �B0 oscillations made it possible to measure fBs with some accuracy,
because the oscillation rate is di�erent for B0

d and B0
s-mesons. Thus, comparing measure-

ments at the �(4S) resonance, where no B0
s-mesons are produced, with LEP measure-

ments gives sensitivity to fBs . Since the origin of B0-oscillations is the weak interaction,
this measurement is sensitive to the rate of weakly decaying B0

s-mesons. In the present

analysis a di�erent approach is used which is based on fragmentation properties of b-jets
and which is sensitive to the total rate of strange b-hadrons produced in jets.

In the string fragmentation model, invented by the LUND group, which has been shown
to be very successful to describe experimental data, a B0

s-meson is created in the fol-
lowing way: the �b-quark produced in the decay of the Z0 picks up a s-quark which has

been created together with a �s-quark during the breakup of the string, originally being
stretched between the b�b pair. Due to the local strangeness compensation in this picture,

the following particle which is produced in the fragmentation chain, will contain the �s-
quark, as shown in �gure 2a. Depending on the 
avour of the quark pair which is created

in the following breakup of the string, a neutral or positively charged hadron is formed.

This hadron may be a kaon or a higher resonance, subsequently decaying through strong
interaction with a kaon in the �nal state containing the original �s-quark. So, there is

a strong correlation between the charge of the kaon and the 'beauty' 2 of the primary

quark. A K+ is accompanying a �bs system, whereas a K� indicates b�s production. The
presence of a strange b-hadron is not the only possibility to create a kaon as particle

closest to the b-hadron in the fragmentation chain. The creation of a u�u (d �d) pair at the
�rst breakup of the string and of a s�s pair at the following one gives a B+ (B0

d) accompa-

nied by a negatively charged (neutral) strange hadron. Thus, the correlation between the

charge of the kaon and the beauty of the b quark can be used to discriminate between
the cases, whether the primary b-hadron carries strangeness or not (see �gure 2a and 2b

respectively). To tag the beauty of a b-hadron, information from the same or opposite

hemisphere can be used, like jet charges or high pt leptons.

For the following discussion, it is useful to introduce a quantity called the 'rank' of a

2For commodity of phrasing, a quantity named the 'beauty' has been introduced which is equal to +1
for a b-quark and -1 for a �b-quark.
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particle. It gives the position of the particle in the fragmentation chain. If the rank zero

is assigned to the hadron containing the primary quark in the hemisphere, the following

particles are numbered according to their appearance in the fragmentation chain. The

rapidity

y =
1

2
log

E + pl

E � pl

where pl is the longitudinal momentum of the track with respect to the thrust axis and

E its energy, is used as a quantity sensitive to the rank of the particle. Particles with a

lower rank are expected to have larger rapidities. In �gure 3a, the rapidity distributions

of charged tracks are shown for the simulation, separately for B-decay particles, parti-

cles with rank 1, called the fragmentation 'sister' of the primary hadron, and remaining

fragmentation particles. The three sources of tracks are well separated in this quantity.

It should be mentioned that a production rate measurement based on properties of the

fragmentation particles is sensitive to the primary rate of strange b-hadrons and not only

to the rate of the weakly decaying ones as it is the case for the values deduced, when

comparing the two measurements of the mixing parameter �. This plays an important
role and has to be taken into account because the presence of excited B��

s mesons modi-

�es these values. The decay B��

s ! B
(�)

u;dK dominates because B��

s ! B
(�)
s � is forbidden

by isospin conservation. Opal and Delphi have found experimental evidence for these
states [12]. Thus, primary produced B��

s mesons migrate to nonstrange weakly decaying

hadrons giving a non negligible e�ect since their production rates are large (see also �gure
1 and table 1). At LEP, values for �B��

u;d
=�Bu;d around 30% have been measured [12, 13]

and the results from Opal and Delphi are roughly consistent with a similar ratio in
the strange sector (details later). The decay B��

u;d ! BsK is not possible because of the
masses involved, and can not provide an additional source for strange b-hadrons.

The strategy for the measurement is the following: b�b events are selected by requiring
the output of the con�dence method described in chapter 2.1 to be larger than 0.99 when
testing the b�b hypothesis. This gives an e�ciency for tagging b�b events �b � 50%, with

background contaminations of �c � 2% and �uds < 0:1%. A secondary decay vertex is
�tted in each hemisphere. The separation between the primary and secondary vertex had

to be larger than three standard deviations. Particles tagged as 'standard' kaons are se-
lected. Consistency with the primary event vertex (probability > 0.1) and inconsistency
with the secondary decay vertex (probability < 0.1) is required. To tag the beauty of

the hemisphere, a neural net is used, which has jet charge and (transverse) momentum of

identi�ed leptons as most important input variables. It has been trained to give the out-
put value 1(�1) for hemispheres containing a �b(b) quark. Mixing, especially of Bs mesons

with � � 0:5, dilutes the separation power, since the input variables are mainly sensitive
to properties of the weakly decaying hadron. To exploit the beauty-charge correlation

explained above, the variable QK� (Ooppo�Osame) is used, where Ooppo;same is the output

of the neural net for the opposite or same hemisphere. The mean value of this quantity
is negative (positive) if a charged kaon accompanies a strange (nonstrange) meson as it is

shown in �gure 3b for the simulation. The rapidity is used to be sensitive to the rank of
the kaon in the fragmentation chain. To extract the production rate of strange b-hadrons,

the two dimensional distribution of the rapidity versus QK � (Ooppo � Osame) is �tted to

the shapes for the di�erent contributions obtained from the simulation. These are:

� 'ordinary' fragmentation tracks, not being the 'sister' with rank 1 of the b-hadron,
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� the fragmentation 'sister' of the b-hadron, separately for strange and nonstrange

b-hadrons,

� tracks from B-decays, which pass the cuts for the primary vertex selection, also

separately for strange and nonstrange b-hadrons,

� background from non b�b events. This background is very low and its contribution

has been �xed in the �t to the value obtained in the simulation.

The binned �t is based on a log-likelihoodmethod taking into account the limited statistics

of the simulation sample [8]. The result of the �t is shown in �gure 4 for the projections

onto the rapidity (4a) and QK � (Ooppo � Osame) (4b). The cuts for the selection of

tracks from the primary vertex and for the kaon identi�cation (using the 'loose' and

'tight' tag) have been varied, and the quantity QK � (Ooppo � Osame) has been replaced

by QK � (QJet;oppo �QJet;same), using only jet charge information. The error of the ratio

r (see chapter 4) has been taken as systematic error. The result for the rate of primary

produced strange mesons, denoted f 0Bs in the following is:

f 0Bs = (12:0� 1:4(stat.)� 2:5(syst.))%

Further studies of systematic errors are in progress.
This measurement allows a determination of the parameter 
s in the Jetset model

which gives the suppression of s�s pairs in the fragmentation with respect to u�u, d�d pairs:

s = P (s�s)=P (u�u) = P (s�s)=P (d�d) = f 0Bs=f

0

Bu
= f 0Bs=f

0

Bd
: From

f 0Bs =

s � (1� f 0b�Baryon)

2 + 
s
(1)

one gets


s = 0:32� 0:09(f 0Bs)� 0:02(f 0b�Baryon): (2)

It should be mentioned, that this method is measuring 
s at a given position in the

fragmentation process, namely at the beginning of the fragmentation chain, where the
quark from the Z0 decay is involved.

To deduce a value for the rate fBs of weakly decaying Bs-mesons, assumptions for the

rate of B��

s -mesons have to be made. The signals giving experimental evidence for these
states have large uncertainties [12]3:

BR(�b! B��

s )

BR(�b! Bs)
= 0:175� 0:052 (Opal); (3)

BR(�b! Bs1;B
�

s2)

BR(�b! Bs)
= 0:33� 0:14 (Delphi): (4)

B��

u;d mesons have been reconstructed with much larger statistics [12, 13]. The composition

of the signals is not known. So, it is not clear, whether only narrow states or also broad

3The Delphi result has been computed using the given number for (�Bs1
+�B�

s2
)=�B��

u;d
= 0:142�0:055

and the measured B��

u;d rate. A value of 11.2% has been assumed for the total production rate of strange B

mesons. Bs1 and B�

s2 are the B
��

s states with quantum numbers JP = 1+ and JP = 2+ (jq = lq+sq = 3=2
for both) which are expected to be narrow.
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states contribute and their relative production rates are not precisely known. Further-

more, possible decays B�� ! B(�)� give an additional source of these mesons. In inclusive

analyses, the relative B�� rates have been measured to be4:

�B��

u;d
=�Bu;d = 0:27� 0:06 (Opal); (5)

= 0:35� 0:08 (Delphi); (6)

= 0:28� 0:08 (Aleph): (7)

For these results, di�erent assumptions for the composition of the signals have been made.

Aleph computed their central value using the hypothesis that only narrow states with a

relative faction of 67% contribute to the observed signal. If also broad states contribute

with the same e�ciency, the value goes down to 19%.

For the determination of fBs , the following value for the B��

s rate is used, covering the

range of the experimental results given above:

PB��

s
=

BR(b! B��

s )

BR(b! B��

s + B(�)
s )

= 0:27� 0:08: (8)

Using this number, one gets

fBs = (8:8� 1:0(stat.)� 1:8(syst.)� 1:0(B��

s rate))%: (9)

4 Test of fragmentation properties in charm events

The method used for the measurement of the fraction of strange b-hadrons relies heavily
on the fragmentation model, since rapidity distributions and charge correlations have been
used for this measurement. The Jetset model with string fragmentation has been used

to extract the distributions for the di�erent sources which have been �tted to the data.
This model has been well tuned to describe quantities being sensitive to fragmentation

e�ects [9]. Analyses studying particle-particle correlations also exist. The goal of the
analysis described in this chapter is to study properties of fragmentation particles in c�c

events and to compare them with the Monte Carlo model. c�c events have been chosen for

these studies, because they o�er two main advantages:

� The situation is expected to be similar for b�b events, because the primary produced

q�q pair is heavy (mQ >> �QCD) and thus also has a hard fragmentation function.

If the simulation describes the data well in c�c events, this should also be the case in

b�b events,

� The primary hadron and the particles stemming from fragmentation can be tagged
with low background by reconstructing exclusive decays of D mesons.

The decay D�+ ! D0�+ ! K��+�+ has been reconstructed by �tting a common vertex

with all combinations of three tracks with the correct charge and having at least one

vertex detector hit. The mass of the K��+ system for the D0 candidate had to be within
50 MeV around the nominalD0 mass of mD0 = 1864:5MeV [1]. To reduce the background

of D�+ mesons from b�b events, the following cuts have been applied:

4In the Opal analysis, only �nal states with a charged B-meson have been taken into account. This
has been corrected using the isospin amplitudes of the strong decays.
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� The momentum fraction xp = pD�=pbeam had to be larger than 0.4. D-mesons have

large momenta because of the hard c-fragmentation function wheras D-mesons from

B-decays have a softer momentum spectrum.

� The probability for all tracks in the hemisphere, excluding the D� decay tracks, to

originate from the primary vertex had to be larger than 5%. In case of b-hadrons,

because of their larger decay multiplicity, it is expected to �nd additional tracks

in the hemisphere coming from the secondary decay vertex, thus giving a lower

probability value.

� The tracks in the opposite hemisphere are sorted by increasing order 1; 2; : : : ; n of

consistency with the primary vertex. The mass m1;i is calculated for the system

formed with tracks 1; 2; : : : ; i. The primary vertex probability for track i+ 1 which

gives m1;i+1 > 1:8 GeV had to exceed 5%.

With these cuts, an e�ciency for selecting c�c events of � 60% with a rejection factor

against b�b events of � 11 is achieved using simulated events. The resulting mass di�erence

spectrum (�m = mK���mK�) is shown in �gure 5 together with the small remaining con-
tamination from b�b events, estimated from the simulation. 1123� 37(stat.) reconstructed

D� decays can be found in this sample. D� candidates with j�m� 145:5 MeVj < 1 MeV
have been selected. The overall rapidity distributions of D� decay products and fragmen-

tation particles agree well in data and simulation. To test the correlation between the
charge of a fragmentation particle and the 'charm' 5 of the D-hadron, several quantities
have been studied separately for tracks with charge of opposite and same sign as the D� me-

son. Pions from the decay of orbitally excited D-mesons, especially D1(2420)! D�+��,
have opposite charge than the D� and preferably large rapidity. Thus, their presence will
a�ect the distributions studied in the following. To reject them, tracks were not accepted

if their masses with the D� was around the mass of the D1(2420). Figure 6 shows the
rapidity di�erence �y = yD� � yi (6a) and the rank6 for the two samples (6b). Particles

with opposite charge are found more often close to the D�. This is visible at low values
for the rank and the rapidity di�erence where a signi�cant excess of oppositely charged

particles is found. Thus, the expected behaviour can be clearly observed in data and

is well described by the simulation. A further test can be done by looking e.g. at the
rapidity gap between two particles produced in the fragmentation. Figure 6c shows the
rapidity gap yi�yi+1 where i denotes the rank of a particle. The agreement between data

and simulation is also satisfactory.

To look for the kaon which is expected to compensate the strangeness of a strange primary

hadron, Ds mesons have been reconstructed in the channels D
+
s ! ��+ ! K+K��+ and

Ds ! �K�K+ ! K��+K+. To enrich the selected sample in c�c events the same cuts as

described above have been applied. The mass spectrum for this sample is shown in �gure

7a. It contains 207� 20(stat.) reconstructed Ds decays. Kaons have been selected by re-
quiring the 'standard' tag from the combined TPC and RICH information. The sidebands

have been used to subtract the combinatorial background under the signal, not stemming
from Ds decays. One gets an excess of oppositely charged kaons at low values of the rank

as expected (�gure 7b). Subtracting the same-sign from the opposite-sign distribution in

5The 'charm' is de�ned in the same way for c-quarks as the 'beauty' for b-quarks.
6The rank used here is di�erent from the one de�ned in chapter 3. Here, the rank denotes the

numbering of the tracks in a hemisphere, if they are sorted by decreasing order of rapidity.
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data and simulation, summing up the �rst 3 or 4 bins, where the fragmentation 'sister' is

expected, as it can be seen in �gure 6b and de�ning:

r =

P3;4

i=1(#oppos. sign�#same sign)sim:P3;4

i=1(#oppos. sign�#same sign)data

allows a more quantitative evaluation, whether the simulation describes the presence of the

accompanying kaon properly. The result is r = 1:2� 0:2(stat.), showing a possible higher

excess of opposite sign kaons in simulation than in data, nevertheless being consistent

with unity.

5 Measurement of the rates of neutral and charged

b-hadrons

The basic idea to measure the rates of charged and neutral b-hadrons is to reconstruct

the charge of the weakly decaying hadron. Based on a neural network, for each track in a
hemisphere a probability PB is calculated that it originates from a b-hadron decay rather

than from fragmentation. Input variables are the probabilities that the track �ts to the
primary and secondary vertex, the energy and the rapidity of the track with respect to
the jet axis. A secondary vertex charge is constructed through:

QB =

NhemX
i=1

QiPB;i

Assuming binomial statistics, an error on this quantity can be de�ned as

�QB
=
qX

PB(1� PB)

This quantity does not account for track losses due to ine�ciencies in the track recon-
struction. �QB

is small if all tracks are well classi�ed, having values of PB close to 0

or 1, and gets larger the more tracks have probabilities around 0.5. It is also strongly

correlated with the hemisphere multiplicity Nhem. To avoid a bias introduced by this
dependence the quantity sQB

= �QB
= < �QB

(Nhem) > is de�ned, where < �QB
(Nhem) >

is the average of �QB
in hemispheres with Nhem tracks. Cutting on small values of sQB

selects hemispheres with good separation of B-decay and fragmentation tracks and thus
gives a reliable determination of the vertex charge. Another related quantity to measure

the b-hadron charge is the sum of the electric charges of all particles with a B-probability
larger then 0.5, denoted Q0:5 in the following. Parameters in the simulation, mainly life-

times of the b-hadrons, have to be adjusted. This is essential to avoid a bias, because

quantities sensitive to the 
ight distance are used to separate tracks from b-hadron decays
and fragmentation. For this procedure, �B0

d
= (1:55 � 0:04) ps, �B+ = (1:66 � 0:04) ps,

�B0s = (1:52� 0:07) ps and �b�baryon = (1:21� 0:06) ps have been used. The measured QB

and Q0:5 distributions have been �tted to the corresponding shapes expected for charged

an neutral b-hadrons obtained from the simulation. The real data distribution together

with the �t result and the simulation prediction for neutral, positively and negatively
charged b-hadrons is shown in �gure 8. Lifetimes of b-hadrons have been varied within 1

8



standard deviation of the values given above and the stability of the result with respect

to variations of the di�erent cuts has been veri�ed. The result is:

BR(b! X0
B) = (57:8� 0:5(stat.)� 1:0(syst.))%

BR(b! X�

B ) = (42:2� 0:5(stat.)� 1:0(syst.))%

Further studies of possible improvements and systematic e�ects are in progress.

6 Interpretation of the results

Combining the value for fBs found in this analysis with the number given by the 'LEP B

Oscillations Working Group' gives (assuming uncorrelated errors and adding the di�erent

sources in quadrature):

fBs = (9:7� 1:3)%: (10)

Weakly decaying neutral b-hadrons are B0
d and Bs mesons, the �b baryon and some fraction

of strange b baryons (�0
b). The rate of charged b-hadrons is dominated by the B

+ meson,

strange baryons only give a minor contribution (��

b , 
b). Formally, one gets:

f 0 = fB0
d
+ fBs + f 0b�Baryon;

f+ = fB+u + f+b�Baryon: (11)

The relative fractions of charged and neutral b baryons are taken from simulation (com-
pare table 1):

f 0b�Baryon = 0:93 � fb�Baryon; f+b�Baryon = 0:07 � fb�Baryon: (12)

Assuming equal production rates for B0
d and B+ mesons, one gets7:

fBs + 0:86 � fb�Baryon = f 0 � f+ = (15:6� 2:2)%: (13)

This allows a determination of the following rates:

fB0
d
= fB+u = (41:7� 1:3)%;

fb�Baryon = (6:9� 3:0)%: (14)

The assumption fB0
d
=fB+u can be dropped, since there are enough measurements for

a separate determination. Using in addition the b baryon rate from [2], one gets:

fB0
d

= (38:2+3:0
�3:8)%;

fB+u = (41:5� 1:2)%: (15)

This is consistent within one standard deviation. Thus, a signi�cant di�erence of these

rates can't be established with the current measurements. Possible sources of di�erent
rates for B0

d and B+ mesons could be:

� Di�erent rates of the ground state mesons B0
d and B

+ produced in the fragmentation.

� In
uence of strongly decaying excited b hadrons, especially B�� mesons. This could

be caused by electroweak contributions to the decay amplitude modifying the strong

isospin amplitudes or phase space e�ects due to the masses involved.

7the errors of f0 and f+ are anticorrelated because of f0 +f+ =1.
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7 Conclusions

Measurements of the rates of strange, neutral and charged b-hadrons have been presented

in this paper. For the determination of the strange b-hadron rate, a method has been

used which is complementary to existing measurements. It exploits properties of the

fragmentation kaon accompanying the strange b-hadron. Thus, this method is sensitive to

the primary strange b-hadron rate, f 0Bs , whereas analyses based on the mixing parameter

� or inclusive branching ratios measure the rate of weakly decaying Bs-mesons, fBs . The

result is f 0Bs = (12:0 � 1:4(stat.) � 2:5(syst.))%. A relative B��

s rate of (27 � 8)% leads

to fBs = (8:8 � 1:0(stat.) � 1:8(syst.) � 1:0(B��

s rate))%, in good agreement with the

number given in [2]. The rates of neutral and charged weakly decaying b-hadrons have

been measured to be BR(b ! X0
B) = (57:8 � 0:5(stat.) � 1:0(syst.))% and BR(b !

X�

B ) = (42:2 � 0:5(stat.) � 1:0(syst.))%. Combining the results and assuming equal

production rates for B0
d and B

+ mesons gives fB0
d
= fB+u = (41:7�1:3) %; and fb�Baryon =

(6:9�3:0) %: Furthermore, tests of the fragmentation process have been performed using

exclusively reconstructed D-mesons in a sample enriched in c�c events. All results are

preliminary. More detailed analyses and studies of systematic errors are in progress.

10



References

[1] Particle DataGroup, Phys. Rev. D54, (1996), 1.

[2] The LEP B Oscillations Working group, LEPBOSC NOTE 97/2.

[3] Aleph Collaboration, Phys. Lett. B361 (1995) 221.

[4] Aleph Collaboration, Phys. Lett. B357 (1995) 685,

Delphi Collaboration, Zeit. Phys. C68 (1995) 375,

Delphi Collaboration, Zeit. Phys. C68 (1995) 541,

Aleph Collaboration, Phys. Lett. B384 (1996) 449.

[5] Delphi Collaboration, Nucl. Instr. and Meth. A303 (1991) 233.

[6] Delphi Collaboration, Nucl. Instr. and Meth. A378 (1996) 57.

[7] T. Sj�ostrand, Computer Physics Communications 82 (1994) 74.

[8] R. Barlow, C. Beeston, Computer Physics Communications 77 (1993) 219.

[9] Delphi Collaboration, Zeit. Phys. C73 (1996) 11.

[10] Delsim User's Guide, Delphi Note 89-15 PROG 130,

Delsim Reference Manual, Delphi Note 89-68 PROG 143.

[11] W.J. Murray, \Improved B tagging using Impact Parameters", Delphi Note 95-167

PHYS 581.

[12] Opal Collaboration, Z. Phys. C66 (1995) 27,
Delphi Collaboration, contr. EPS0563, EPS Conference Brussels 1995.

[13] Delphi Collaboration, Phys. Lett. B345 (1995) 598,
Aleph Collaboration, Z. Phys. C69 (1996) 393,

Aleph Collaboration, contr. PA01-070, ICHEP'96 Warsaw 1996.

11



mesons baryons

����������
����������
����������
����������
����������
����������
����������
����������
����������
����������
����������
����������
����������
����������
����������
����������

����������
����������
����������
����������
����������
����������
����������
����������
����������
����������
����������
����������
����������
����������
����������
����������

�����
�����
�����
�����
�����
�����
�����
�����
�����
�����
�����
�����
�����
�����
�����
�����

�����
�����
�����
�����
�����
�����
�����
�����
�����
�����
�����
�����
�����
�����
�����
�����

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

������
������
������
������
������
������
������
������
������
������
������
������
������
������
������
������

������
������
������
������
������
������
������
������
������
������
������
������
������
������
������
������

������
������
������
������
������
������
������
������
������
������
������
������
������
������
������
������

������
������
������
������
������
������
������
������
������
������
������
������
������
������
������
������

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

�����
�����
�����
�����
�����
�����
�����
�����
�����
�����
�����
�����
�����
�����
�����
�����

�����
�����
�����
�����
�����
�����
�����
�����
�����
�����
�����
�����
�����
�����
�����
�����

����������
����������
����������
����������
����������
����������
����������
����������
����������
����������
����������
����������
����������
����������
����������
����������

����������
����������
����������
����������
����������
����������
����������
����������
����������
����������
����������
����������
����������
����������
����������
����������

  b
-

41.8 7.3 7.9 1.0 0.241.8

-
d  b

  bq
-

b
-

u  
-

s  b

  
 1  2 1

1.2

 1

 2

q =s
q =u,d,s

 1
q =u,d
q =u,d

 2

bq q
- - -

14.0

19.4

6.5 6.5 14.0

19.4

3.9
1.8

5.5

uB+ Bd
0 Bs

0

1.0 0.2

Λ0

(*)
b bΞ Ω

4.53.4

1

1

1

1/2

1/2

2/3

2/3

1/3

1/3

if

if ’

B

l=0
j=0

B*

l=0

B**

l=1
j=0,1,2

d d d B

l=0
j=0

B*

l=0

B**

l=1
j=0,1,2

s s suB**

l=1
j=0,1,2

uB*

l=0
uB

l=0
j=0 j=1 j=1 j=1

90.9 9.1

39.9
11.1

bΛ Σ(*)
b

b

(QCD)

(QED)

γ

π , K

1

39.9 7.9

b-hadron decays

      (QCD)
fragmentation

weak decays

Figure 1: Schematic picture of the production mechanism of b-hadrons. The rates of
hadrons primarily produced in the fragmentation are denoted f 0, the ones which are

decaying through weak ineraction f . Strong and electromagnetic decays are indicated by

solid and dotted arrows, respectively, together with their (expected) branching ratios (For

strong decays only single pion and kaon transitions have been taken into account). The

given rates are taken from simulation (compare with table 1).
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Type Q f 0: Fragmentation [%] f : Weak decay [%]

0,�1 79.8 (B(�),B��) 83.7 (B)

�1 39.9 (B
(�)
u ,B��

u ) 41.8 (Bu)
nonstrange mesons

0 39.9 (B
(�)

d ,B��

d ) 41.8 (Bd)

0,�1 28.0 (B��)

0 11.1 (B
(�)
s ,B��

s ) 7.3 (Bs)strange mesons
0 3.9 (B��

s )

0,�1 7.9 7.9

nonstrange baryons 0 4.9 (�b;�
(�)

b ) 7.9 (�b)

�1 3.0 (�
(�)

b )

0,�1 1.2 1.2

strange baryons 0 0.6 (�
(�)

b ) 0.6 (�
(�)

b )

�1 0.6 (�
(�)

b ;
b) 0.6 (�
(�)

b ;
b)

Table 1: The b-hadron production rates of the Jetset 7.3 Monte-Carlo model with

Delphi-Tuning. The rates f 0 of hadrons produced in the fragmentation process and the
rates f of weakly decaying b-hadrons are shown. The parameters giving the suppression

of s�s pairs and diquarks are, respectively, 
s = P (s�s)=P (u�u) = P (s�s)=P (d�d)=0.28 and

P (qq)=P (q)=0.1.
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Figure 2: The creation of a kaon as 'sister' particle of the primary b-hadron in the jet

fragmentation. In a) the kaon compensates the strangeness of the Bs meson, in b) the

B-meson doesn't carry strangeness, and the �s quark is contained in the particle created

later in fragmentation. The two cases can be separated by tagging the beauty of the
hemisphere and/or of the opposite hemisphere.
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Figure 3: The most important variables for the measurement of the strange b-hadron rate

obtained from simulation:

upper: The normalized rapidity distributions for B-decay particles (dotted), the fragmen-
tation 'sister' of the b-hadron (dashed) and other fragmentation tracks (solid histogram).

lower: The quantity QK � (Ooppo � Osame) for kaons accompanying a strange (solid his-

togram) or nonstrange b-hadron (dashed histogram). For the latter case, there is a small
di�erence whether the b-hadron is neutral (dotted) or charged (dash-dotted), where the

histograms have been scaled down in size to avoid confusing overlap with the other ones.
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Figure 4: The �t result for the determination of the strange b-hadron rate using identi�ed
kaons from the primary vertex as explained in the text. Shown are the data (circles with

error bars) with the result of the �t (histogram) superimposed for the projections onto

the rapidity (a) and QK � (Ooppo �Osame) (b)
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Figure 5: The mass di�erence spectrum for the D� candidates (data) after applying the

cuts for c�c selection described in the text. The background from b�b events (shaded area)

estimated from the simulation is also shown.
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Figure 6: a) The rapidity di�erence �y = yD��yi for fragmentation tracks with opposite

(data: open circles, simulation: solid histogram) and same charge (data: open diamonds,
simulation: dashed histogram) as the D�.

b) The rank as de�ned in the text for opposite (data: circles, simulation: solid histogram)

and same sign (data: stars, simulation: dashed histogram).
c) The rapidity gap between two fragmentation tracks with rank i and i + 1 for data

(circles) and simulation (histogram).
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Figure 7: a) The Ds mass spectrum for the c�c-enriched sample (data).
b) The rank for identi�ed kaons with opposite (circles) and same (solid histogram) charge

as the Ds-candidate in data and simulation (open diamonds and dashed histogram, re-

spectively).
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Figure 8: The vertex charge QB for the data (points with error bars) with the result of

the �t superimposed. The shapes for neutral (solid histogram), negatively (dashed) and

positively (dotted) charged b-hadrons obtained from the simulation and used in the �t
are also shown.
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