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Abstract

The production fractions of charged and neutrddadrons inb
DELPHI detector at LEP. An algorithm has been developed,

the years 1994 and 1995, the fractionbefjuarks fragmenting
measured to be:

T =(4209+ 0.82(stap & 0.8%(sysH)%.
Subtracting the rates for charg@_f andfz;r baryons gives the

/B, = (40.99=+ 0.82(stad + 1.11(sysh)%.
0 2003 Elsevier B.V. All rights reserved.

-quark events fronz® decays have been measured with the
based on a neural network, to estimate the charge of the weakly-
decayingb-hadron by distinguishing its decay products from particles produced at the primary vertex. From the data taken in

into positively charged weakly-decayirgadrons has been

production fraction Bf- mesons:

1. Introduction

The branching fractions of the-quark into the dif-
ferent species df-hadrons are an important input and
source of systematic uncertainty for many measure-
ments in the heavy flavour sector whérbadrons are
produced in jets, e.g., analyses 8ameson oscilla-
tions or CKM elements at LEP. Furthermore, these
production fractions give insight into the fragmenta-
tion process. Sincé-quarks at LEP are mainly pro-
duced directly in the decay of tH&° boson, with neg-
ligible contributions from later processes like gluon
splitting g — bb, b-hadron production fractions are
sensitive to a certain step in the fragmentation process,
namely the beginning of the fragmentation chain. This
is not the case for analyses investigating inclusive par-
ticle production rates of hadrons which do not contain
a primary heavy quark.

The b-hadron production fractions are defined as
the probability of ab- or b-quark to fragment into
the corresponding-hadron: fz, = BR(b — B*) =
BR(b — B™), fs, = BR(h — B% = BR(b — BY),
fa, = BR(b — BY) = BR(b — BY), fi-baryon=
BR(b — anti-b-baryon = BR(b — b-baryon. Fur-

E-mail addressstocchi@mail.cern.ch (A. Stocchi).
1 Now at DESY-Zeuthen, Platanenallee 6, D-15735 Zeuthen,
Germany.
2 Deceased.

thermore, the production fractions for charged and
neutral b-hadrons are defined agt = BR(b —
X}) = BR(b — X3) and f° = BR(b — X9) =
BR(» — X%), whereX};, X5 and X9 stand for any
positively charged, negatively charged or neutral
hadron, respectively. With these definitioifg, is also
the production fraction of the-hadron typeB;, parti-

cle or antiparticle, irbb events.

A direct measurement of these production frac-
tions using exclusive decays is difficult, since there
are many decay channels with small branching frac-
tions having large relative uncertainties [1]. For the
determination offp , the inputs used are measure-
ments of the product branching ratio BR— BE) .
BR(B? — D;I*vX) at LEP [2], measurements of
the ratio fp /(f, + fB,) using events with exclu-
sively reconstructed charm particles in semileptonic
b-decays or double semileptonic decays from CDF [3]
and the mixing parametetg and x,. The integrated
mixing probability y, in an unbiased sample of neu-
tral B-mesons, has contributions frod°- and BC-
mesons y = fByxa + fB,xs, Wherex, and x, are
the integrated mixing probabilities faB%- and BO-
mesons. This allows the extraction @ quite pre-
cisely. The baryon rate is estimated from similar prod-

3 Sincex is mainly measured using leptons, the rafgs and
fB, have to be weighted by ratios of lifetimess, /75 and<p, /75,
respectively. This has been omitted in the formulae for simplicity.
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9.1
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Fig. 1. Schematic picture of the production mechanisnb-tfadrons. The rates, given in percent, of hadrons primarily produced in the
fragmentation are denoted by, the ones which decay through weak interaction (indicated by dashed lings)3tyong 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 considered). The given rates are taken from simutati®BT(d.3 Monte Carlo model with parton shower

option and parameter settings according to the DELPHI-Tuning [7]). The parameters giving the suppressipaiaf and diquarks are,
respectivelyys = P(s5)/ P (uit) = P(s5)/P(dd) = 0.28 andP(qq)/P(q) = 0.1.

uct branching ratios, using;/~ and £/~ correla- between the fractions ob-hadrons which are di-
tions [3,4], and a measurement of proton production rectly produced in the non-perturbative fragmentation
in b-hadron decays [5]. No direct measurements of process, denoted; in the following, and the frac-
fB, or fp, have been published so far. The averages tions of weakly-decaying-hadrons f;. Strong decays
for weakly-decaying>-hadrons are listed in [1]. The of primarily produced-hadrons can lead t@’ # f;,
following assumptions are made: tlxehadron pro- e.g., the presence of orbitally excitBd*-mesons with
duction fractions are the same #— bb decays at  their expected decayB* — B® K have the conse-
LEP and in highp, jets at the TEVATRON,f5, + quencefp > fg,, fp, < fp, and féd < fp,. How-
fo-baryon+ fB, + fB, =1 and fg, = fp,. The latter ever, the equalityf;, = f; , which originates from
two are applied as constraints in the averaging pro- isospin symmetry, remains valid for weakly-decaying
cedure. The combined result f, = (10.6 £ 1.3)%, b-hadrons (g, = f5,).*

fr-baryon= (118 + 2.00% and f3, = fp, = (388 %

1.3)%.

m_ Fig.1a SCh?maﬁC picture of tnehadron pro- 4 In contrast to theD-system, the presence 8f-mesons does
duction process is shown. One has to distinguish not change the rates of charged and neufahesons, because
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For the rates of charged and neutbahadrons, an
efficient algorithm has been developed to distinguish
charged particles from wealk-decays, from their
fragmentation counterparts produced at the primary
event vertex. This allows an estimate of the charge
of the weakly-decaying hadron to be made and thus a
measurement of + and £©. /B, canthen be extracted
from fT with small additional uncertainties. The data
taken in the years 1994 and 1995, when the DELPHI
detector was equipped with a double sided silicon
vertex detector, have been used for the analysis.

The simulation used theeJseT 7.3 model [6]
with parton shower option and parameters determined
from earlier QCD studies [7], followed by a detailed
detector simulation [8].

2. The DELPHI detector and event selection

The DELPHI detector is described in detail in
references [9,10]. The present analysis relies mainly
on charged particles, measured using information
provided by the central tracking detectors.

e The microvertex detectofVD) consists of three
layers of silicon strip detectors at radii of 6.3,
9.0 and 10.9 cmR¢ coordinate? in the plane
perpendicular to the beam are measured in all
three layers. The first and third layers also provide
z information. The polar angle9§ coverage for

a particle passing all three layers is from°44
to 136. The single point precision has been
estimated from real data to be about 8 punRig
and (for charged particles crossing perpendicular
to the module) about 9 pm in

The inner detector (ID) consists of an inner
drift chamber with jet chamber geometry and
5 cylindrical layers of multiwire proportional
chambers (MWPC). The jet chamber, between 12

their dominant decay mode 8* — By . This is also the case for
orbitally excitedB**-mesons, iffB:* = fpy+, and isospin rules are
used to calculate the dominant single pion transitions.

5 In the standard DELPHI coordinate system, thexis is along
the electron direction, the-axis points towards the centre of LEP,
and they-axis points upwards. The polar angle to thexis is
denoted by, and the azimuthal angle around thaxis by¢; the
radial coordinate iR = /x2 + y2.

DELPHI Collaboration / Physics Letters B 576 (2003) 29-42

and 23 cm inR and 23 and 157 in 6, consists

of 24 azimuthal sectors, each providing up to 24
R¢ points. From 1995 on, a longer ID has been
operational, with polar angle coverage from°15
to 165 and replacing the MWPC by 5 layers of
straw tube detectors. The precision on local track
elements has been measured in muon pair events
to be about 45 pm iR¢.

The time projection chambef¢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 142. The precision on the track elements
is about 150 um inR¢ and about 600 pm in.

For particle identification a measurement of the
specific energy lossd(E /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 248 138. The OD
provides 3 space points and® points per track.
The single point precision is about 110 pm in the
R¢ plane and about 3.5 cm in thedirection.

An event has been selected as multihadronic if the
following requirements are satisfied:

e There must be at least five charged particles
in the event, each with momentum larger than
400 MeV/c and polar angle between 2@&nd
160°.

The total reconstructed energy of these charged
particles has to exceed 12% of the centre-of-mass
energy (assuming all particles to have the pion
mass).

The total energy of the charged particles in each
hemisphere (defined by the plane perpendicular to
the beam axis) has to exceed 3% of the centre-of-
mass energy.

After these cuts, about 2 million events from the
1994 and 1995 runs have been retained. About 7
million simulatedZ® — ¢g and 3.1 millionZ® — bb
events have been selected with the same cuts.

Jets have been reconstructed with the LUCLUS al-
gorithm [6] (djoin = 5 GeV/c¢) using charged and neu-
tral particles. Two-jet events well within the accep-
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tance of the vertex detectordoSinrus{ < 0.65) were tex in theR¢ plane and its error. The last two are not

selected. The event was divided in two hemispheres by specific for the particles but for the hemisphere con-

the plane perpendicular to the thrust axis. sidered. They give additional information about the
The most important variables to tag or antitaig separation power of the other variables, especially the

events are the track impact parameters of chargedvertex probability. The distributions of the net output

particles with respect to the primary vertex which is fit variablé are shown in Fig. Z.

on an event-by-event basis using the position and size A secondary-vertex charg@p is then constructed

of the beamspot as constraints. From the track impact through

parameters and their errors a probability is computed

that a selected sample of charged particles originates

from the primary vertex. To increase efficiency and

purity, additional information, e.g., from reconstructed

secondary vertices and identified leptons are used.WhereNnemis the number of accepted particles in the

A combined discriminating variable is then used to hemisphereQ; the charge of particlé and P ; its

selecthh events. These methods are described in detail Probability to stem from @-hadron decay as defined

in [11]. The tagging obb events was performed in the above. Assuming binomial statistics, an error @p

hemisphere opposite to the one which was used for the ¢an be defined as

measurement. The cut on the discriminating variable Noom

of the gomblnedb—tagglng has been chosen to give 0o, = Z Pp.i(1— Pp.)). )

a b-purity of about 97.5%. A secondary vertex was —

i=1
fit in the hemisphere considered for the measurement. __ _ )
Hadronic interactions in the detector material were | NS duantity does not account for particle losses due

reconstructed using the algorithm described in [12]. © Inéfficiencies in the track reconstructiomg, is
Since the particle causing the interaction is lostin most Smallif all charged particles are well classified, having

of the cases, hemispheres with such interactions were2!ues ofPs close to 0 or 1, and gets larger the more
rejected. particles have probabilities around 0.5.

Parameters in the simulation possibly having an
effect on the measurement have been adjusted to
their measured values. They are discussed in detail in
Section 4 and listed also in Table 1.

The shapes of th@ g distributions are directly af-

The basic idea for measuring the rates of charged fected by th_e number of charged particles which have
and neutralb-hadrons is to reconstruct the charge been used in the reconstruction of the vertex charge.

of the weakly-decaying hadron. Based on a neural Thi; number is larger in the data than in the sim-
network, for each charged particle in a hemisphere, Ulation by 0.12 at a mean value of about 8.0. The
a probability P that the particle originates fromia s_ha_pe c_)f the particle multlpl_lcny d!strlbuuon is very
hadron decay rather than from fragmentation is calcu- Similar in the data and the simulation. The simulated
lated. Charged particles are accepted if their momen- EVeNts are reweighted to get agreement in this dis-
tum exceeds 500 MeX: and if at least one vertex de- tribution. The error of the vertex charge, defined in
tector hit has been associated. At least four charged Ed- (2), @lso influences th@ s distributions because
particles had to be accepted in the hemisphere. The
maximum number of charged particles in the hemi- 6 This variable can be interpreted as Bayesian a posteriori
sphere failing these acceptance cuts was limited to probability. Pg is computed from this variable taking into account
four. The input variables to the neural network are the the ratio ofb-hadron decay particles and fragmentation particles as
probability that the charged particle track fits to the taken from simulation. This is necessary because the neural network
. h h idi fth has been trained with equal numbers of charged patrticles from these
primary vertex, the momentum, the rapidity of the par- ,; ¢jasses.
ticle with respect to the thrust axis, the reconstructed 7 |t not explicitly stated otherwise, all figures show the data from
flight distance from the primary to the secondary ver- 1994 and 1995.

Op= Z Qi P, (1)

3. Measurement of theratesof charged
and neutral b-hadrons



36 DELPHI Collaboration / Physics Letters B 576 (2003) 29-42

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

0.9 I 1
NN output P

Fig. 2. The output of the neural network used to sepaBatiecay particles from fragmentation particles. Shown are the data (closed circles),
the simulation (solid histogram) and the contributions from wBaftecay particles (dotted) and their fragmentation counterparts produced at
the primary vertex (dashed). The latter distribution includes particles originating from strong decays of ipXathdns.

Table 1 it is directly related to its width. Incorrect modelling
Breakdown of systematic errors git. For theb-hadron fractions, of the shape of the)p distribution in the simula-

/B, and fi-paryon their correlation has been taken into account, tjon potentially biases the result. The dependence of
for the other 'sources of systemat_lc uncertainties the 'errors have the mean value and spreadct@B on the number of
been added in quadrature. The signs of the errors given are for h d icles is sh . : d si |
an upwards variation of the corresponding physics parameter. For CNarged particles is shown in Flg_. 3. D_ata and simuia-
BR(BY™) — H—© 4 x), an upwards variation means increasing  tion agree well, the deviations being withit8%. The

BR(B® — D~ + X) and adjusting the other, related branching simulated events are reweighted to get these distrib-

ratios as explained in the text utions in agreement, individually for any number of
Source Value and variation 5% [%] charged particles, to avoid any possible bias. To cor-
50 (154240016 ps  +0.007 rect for the loss of charged particle tracks, the num-
Tp+ (1.6744£0.018 ps  —0.129 ber of charged particles in the hemisphere not pass-
By (1.461+£0.057) ps  +0.027 ing the track cuts is also brought into agreement. All
;b'bafy"“ éliéoliioob%il) ps Ig'g;g these corrections are small. Comparing g dis-

7B, 85+ 1.3)% 410217 tributions of data and simulation shows slight shifts
fb-baryon (95+2.0)% +0.057 of the data distribution with respect to the simula-
fEl: (1.1+£05% -0.187 tion which is corrected depending on the absolute
Pk 0.2440.04 +0.287 value of the polar anglé (these shifts are typically
Py 0.10£0.05 -0.027 around 0.01 with the deviations from zero not being
wrgng sign charm rate (20.0+ 3.3)% —0.001 very significant). Such shifts can be caused by small
BR(BH — p~O 4 x) text -0.183 differences in the material distribution of the detec-
b fragmentation function text 201 tor in data and simulation causing a charge asymme-
Min. # of acc. charged particles 4,3 .07 try

0 p calibration text 0677 ) . .

Non-bb background 1£30% 10113 The vertgx charg@l? is sensmve_z to 'Fhe charge of
Total 1885 the b-quark in the hemisphere, mainly in cases where

chargedb-hadrons are produced. Sinde and b-
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Fig. 3.{ogp) (left) ando (o) (right) versus the number of charged particles which have been used for the estimation of the vertex charge
for data (closed circles) and simulation (histogram) before applying the correction as explained in the text. Theggligsia/ (00 5 )sim and
0.1-0 (00 y)data/ o (00 5 )sim are shown as dashed lines. The deviations are witl#itb over the whole range.
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Fig. 4. The fraction of ‘opposite-sign’ events ver@%Jt for 1994 (left) and 1995 (right) comparing data (circles with error bars) and simulation
(histogram), used for the calibration ¢fg. For 1994, the solid (dashed) histogram shows the simulation before (after) applying the correction
explained in the text.

quarks are produced in pairsihdecays, events where  be sensitive to the shape of the distributiqr@},;2| >

the vertex charg@ g can be determined in both hemi- Q%‘“ has been required. The fractions of OS and SS
spheres (‘double tagged’ events in the following) can events are directly related to the probability to tag the
be used to calibrat@ 5 on the data themselves. Thisis charge of theb>-quark in the hemisphere correctly. In
done in the following way. For 20116 events, where all Fig. 4, the fraction of OS eventg,°S, versusQ%ut
cuts are passed in both hemispheres, ‘opposite-sign’is shown for the 1994 and 1995 data sets. It can be
(called ‘OS’ in the following) and ‘same-sign’ ('SS")  seen that the probability to tag thequark charge cor-
events are defined through the vertex charges in bothrectly is slightly overestimated in the simulation for
hemispheres: O@}g . Q% <0, SS:QlB . Q% >0.To 1994 (with a tendency to become worse when increas-
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Fig. 5. Distribution of the vertex charg® g, of the weakly-decaying-hadron for the data (points with error bars) with the result of the fit
superimposed (solid histogram) on a linear scale and on a logarithmic scale (see inset). The shapes for neutral (dashed histogram), negatively
(dashed-dotted) and positively (dotted) chargduhdrons obtained from the simulation (in the fit, one single component was used for positively

and negatively chargethadrons) are also shown. The hatched histogram shows the contribution bb events.

ing Q%“t, thus probing the wings of the distribution), separating the shapes for the positive and negative
whereas good agreement is found for 1995. The frac- charges.
tion of OS events is mainly determined by t9g dis- A technique based on a binned log-likelihood
tributions of charged-hadrons. To correct for the dis- method taking into account the limited statistics of
agreement between data and simulation in 1994, thethe simulation has been used [13]. The rignback-
Q p distributions for positively and negatively charged ground has been fixed to the value obtained from
b-hadrons are reweighted in the simulation according simulation. The real data distribution, correspond-
to w* =1 — (+a1- Op — a2)®. The following para- ing to 103.285 selected hemispheres, together with
meters were found to make the fraction@8 events the fit result and the simulation prediction for neu-
in the simulation consistent with the data over almost tral, positively and negatively chargédghadrons is
the full range on%“t (see Fig. 4):a; = 0.31 and shown in Fig. 5. The result fof ™, the fraction of
az = 0.34. Another, related, distribution is the fraction chargedb-hadrons in a sample of weakly-decaying
of double tagged events vers@§" with respecttoall ~ b-hadrons produced ir£® — bb decays, isf* =
double tagged events. It has been verified that this dis- (41.844 0.99(stab)% for the 1994 data set and™ =
tribution is in good agreement for both years of data (42.65 + 1.48(sta))% for 1995 giving a combined
taking (after applying the correction to the 1994 simu- value of
lation).

The measured p distribution has been fit by the fr= (42'09:|: O.82(stab)%. ®)
corresponding shapes expected for charged and neutralThe result for /0 is given throughf® =1 — ft =
b-hadrons obtained from the simulation, while not (57.91+0.82(sta})%, with /+ and 1 being fully an-
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ticorrelated. Theg? per degree of freedom of the fits
are 0.96 and 1.06 for the two years.

4, Systematic checksand uncertainties

Several cross-checks have been performed. The fit
range and number of bins of the histograms used
in the fit have been varied. The momentum cut has
been varied in the range from 300 to 800 MeV
and the maximum number of rejected tracks in the
hemisphere between two and five. No significant
change of the result has been found. The distributions
of negatively and positively chargeghadrons have
been fit separately. This gives

BR(b, b — X3) = (20.66+ 0.60(stab) %,
BR(b, b — Xp) = (21164 0.59(stay) %
for 1994 and

BR(b, b — X}) = (21374 0.87(stab) %,
BR(b, b — X5) = (21.29+ 0.86(sta}) %

for 1995. The two numbers are correlateo™(~
0.44).

As already mentioned and used for the calibration,
the vertex charg®p can be used as flavour tag for
hemispheres where tlbe or b-quark fragmented into a
charged-hadron and is thus sensitive to the forward—
backward asymmetryttB. The differential asymme-
try, computed from the vertex charges in the forward

and backward hemispheres, versus the direction of the o

thrust axis is shown in Fig. 6, showing good agreement
with the expectation from the measured value of the
pole asymmetryAB = 0.0982+ 0.0017 (from [1]).

To estimate systematic errors, the following para-
meters in the simulation and cuts have been varied:

o lifetimes ofb-hadrons;

e the oscillation frequency and thus the mixing
probability x; for B%-mesons. Mixing of BO-
mesons leaves the contribution from fragmenta-
tion particles unchanged but reverses the flavour
of the weakly-decayin@@-meson. The contribu-
tions to the vertex charge fron%- and B°-
mesons are slightly different. One reason is that
B%-mesons produce dominantlyD—-mesons

39

0.08F
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P
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.
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cos(®
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F|g 6. The dependence of the measured differential asymmetry
Adlff on Cco%inyst for the data. Adlff has been computed from
the vertex charges in the forward and backward hemispheres
as: ARB = ((0RW) — (0BW))/(0%), where (0%) is the mean

of the vertex charge for hemispheres containing-quark. The
errors indicated are statistical only. The expectation for the pole
asymmetryAFB = 0.0982 (from [1]) is superimposed as solid line.

whereasB%-mesons mainly giveD*, leading to
different charges at the tertiary charm vertex;

the rates of differenb-hadron species, because
differentb-hadrons contribute to a certain charge
(e.g., B®, B, Ay, E? to Q =0) and their
distributions look slightly different. The value of
fB,(= fB,) has been set to the measured value
in this analysis. The values ofg, and fj-paryon
from [1] have been rescaled accordingly to ensure
fB, + fo-baryon+ fB, + fB, =1,

the rates of excited-hadrons, namely orbitally
excitedB;”; .-mesons and?(*) -baryons. The ex-
pected strong decays of these states produce parti-
cles (pions or kaons) looking partly like fragmen-
tation particles (coming from the primary vertex)
and partly like B-decay particles (having large
rapidity). From the results in [14,15] an aver-
agePB** = BR(b — B**d)/ BR(D — b(u,d)) =

0. 2410 04 is computed. Itis assumed thigy:+ =

PB** ForE(*) production DELPHI gives an up-
per I|m|t in [15] The following value is taken as a
conservative chmc%.P):(*) =0.10+ 0.05;

b

8 Pz(*) is defined in the same way &%+ .
b
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e the rate of so-called ‘wrong-sign charm’ produc- e the nondb background (mainly¢) has been var-

tion at the uppe# vertex from [16]; ied by £30%.
the branching ratios of ‘right-sign’ decays of
B*- and B%-mesons intoD%- and D~-mesons. If not explicitly stated otherwise, the corresponding

Because ofr(D~) > (D%, b-hadron decays numbers have been taken from [1]. The breakdown of
with a D~ in the final state have charged particles the systematic errors is shown in Table 1. The result,
from the tertiary charm decay which are more including systematic errors, is:
displaced from the primary vertex than in the
case of aD?, affecting the vertex variables used
as input to the neural network. The following
branching ratios have been used, being consistent
with the measured inclusive production rates of
DO and D—-mesons inB-decays: BRB? —
D™+ X) = 15.6%, BR(B° — D%+ X) = 65.8%,
BR(B* — D~ + X) =29.3%, BRBT — D% +
X) = 52.1%. These branching ratios have been
varied by 5% (absolute). The variation has been
performed in a correlated way to keep the total
r;;e of Di— and D~ -mesons |QB-Eecaysiand £O= B, + f5. + fy-varyon

(B°/B* — D° + X) + BR(B%/BT — D~ + N N
X) constant; I = I8+ Sivaryon ®)
the b-quark fragmentation function. The mea- |n [16], the fraction ofz -baryons has been estimated
sured function from DELPHI [17] has been used. analysing production rates &/~ final states:
For the systematic error the full difference to the _ _
model implemented in the simulation (Peterson fz- =BR(b— g =BR0b— &)
with €, = 0.002326) has been taken. This is a con- = (1.1+0.5)%.

servative choice, since the measurement errors are_ o .
much smaller than the deviations from the frag- This fraction is subtracted fronit to get the fraction

mentation function in the simulation; of B*-mesons in a sample of weakly-decayihg
the cut on the minimum number of accepted hadrons produced in the fragmentation isfjuarks
charged particles in the hemisphere used for (the production fraction of2,"-baryons is expected to
the calculation ofQ has been changed from D€ negligible). The resultis

an even to an odd number. This could have a , _ (40.99+ 0.82(stay + 1.11(sysH)%, (6)
systematic effect because charged (neuttal)

hadrons decay to an odd (even) number of charged Where the error fromf- has been added to the
particles; systematic error fromf™ taking into account the
the calibration of the vertex charge (described correlation arising from the fact that the uncertainty
in Section 3). The parameterg and ay have of fEb_ is a source of uncertainty fof ™ (compare
been varied independently in a way which results Table 1).

in a displacement of thg'©S versusQ$" curve

(Fig. 4) in the simulation, corresponding to a shift

by one standard deviation with respect to the data 6. Conclusions

errors. This procedure has been consistently ap-

plied also to the 1995 year simulation, even if no A precise measurement of the production fractions
correction has been applied in this case, becauseof weakly-decaying charged and neutsghtadrons has
of the good agreement between data and simu- been presented for the first time. The fractionbef
lation. The error from the parameter giving the quarks fragmenting into positively charged weakly-
largest variation inf* has been chosen; decayingb-hadrons, and thus the fraction of charged

[T = (4209 0.82(stay == 0.89(sys))%. 4

5. Interpretation of theresults

Weakly-decaying neutrab-hadrons areB%- and
Bso-mesons, ther,-baryon and the strangebaryon
E,?. The rate of charged-hadrons is dominated by
the B*-meson, strangk-baryons giving only a minor
contribution &, £2,°). Formally, one gets:
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b-hadrons in a sample of weakly-decayitvdpadrons

produced inZ® — bb decays, has been measured

to be fT = (4209 + 0.82(stap + 0.89(sysh)% =
(42.09+ 1.21)%. Subtracting thé‘,jr rate (assuming
that thes2," rate is negligible) gives's, = (40.99+
0.82(stap + 1.11(sysh)% = (40.99+ 1.38)%. This is,
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production fractions in jets.
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