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Abstract. The production of prompt leptons at PE- 
TRA has been measured for c.m. energies of 14, 22 
and 34GeV. The rate of prompt electrons and 
muons is presented, including a determination of the 
semileptonic branching ratio of the c and b quarks. 
We obtain 

B(c--*l~vX) = 12.3 _+ 2,9 (stat.) • 3.9 (syst.) %, 

B(b~vX)= 8.8 • 3.4 (stat.) • 3.5 (syst.) %, 

B(b~evX) = 14.1 • 5.8 (stat.)• 3.0 (syst.) %. 

Systematic effects due to changes in fragmentation 
and other model parameters have been studied. 

1 Now at SCS, Hamburg, Germany 
2 Now at University of Illinois, Urbana, USA 
3 On leave of absence from DESY, Hamburg, Germany 

I. Introduction 

The e + e- annihilation into hadrons at PETRA en- 
ergies is well described by assuming the pair pro- 
duction of u,d,s,c and b quarks and gluon 
bremsstrahlung. Pair production of t-quarks is ex- 
cluded up to a center of mass (c.m.) energy of 
WE 39 GeV. Since weak decays of the hadrons con- 
taining light quarks (u, d, s) have guided the under- 
standing of electroweak interactions, it is of great in- 
terest to explore the weak decays of hadrons con- 
taining heavy quarks (c, b). Assuming standard mix- 
ing angles, in the Kobayashi-Maskawa model [1] 
bottom is expected to decay predominantly into 
charm, and charm to strangeness. 

The hadrons containing a b quark are expected to 
decay with a branching ratio of 11-17% both to 
#vX and to evX [2] which agrees with recent 
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measurements [3]. In most cases, there should be 
one charmed hadron in X. The charmed hadrons 
have semileptonic branching ratios of the same 
magnitude [4]. 

The leptons resulting from the semileptonic de- 
cay of bottom hadrons are expected to dominate the 
region of transverse momentum larger than 1.0 GeV/c 
with respect to the jet axis. This feature com- 
bined with a more spherical event shape is used in 
the selection of hadronic bb(g) events. 

The search for inclusive leptons in hadronic 
events provides therefore an indirect study of heavy 
quark production. From the inclusive lepton yield 
we obtain the fraction of "prompt" leptons, which 
result only from semileptonic b- or c-decays, includ- 
ing the cascade decay b--,c--*lvX by subtracting all 
trivial lepton sources as re/K-decay, 7-conversion etc. 
The prompt lepton signals yield then with suitable 
additional cuts a measurement of the semileptonic 
branching ratios of heavy quarks. 

A selection of events containing mostly b/~(g) al- 
lows a measurement of the charge angular asym- 
metry predicted in the Weinberg-Salam model [7]. 

The final state hadrons result from the fragmen- 
tation of the original quarks. This fragmentation 
process is poorly known, and models with several 
free parameters are used to describe it. The measure- 
ment of the rate and spectra of inclusive leptons 
could thus help to understand better the fragmen- 
tation functions of heavy quarks. The model depen- 
dance of the determination of the semileptonic 
branching ratios has carefully been studied by com- 
paring the data with the Hoyer et al. [5] and Lund 
[6] MC event generators. For both models branch- 
ing ratios of 

Br(c--+lvX)=9+_2% and Br(b~lvX)=12+_2% 

have been used. 

II. Detector Description and Data Selection 

The data were taken with the CELLO detector [8] 
at PETRA at average c.m. energies of W=14, 22 
and 34 GeV. The corresponding integrated luminos- 
ities are 1.2 pb-1, 2.5 pb-1 and 7.9 pb-1. 

Charged particles were measured in cylindrical 
drift and proportional chambers in a 1.3 T magnetic 
field yielding a momentum resolution of a(P)/P 
= 2 % - P . s i n 0  (P in GeV) over 92% of the solid 
angle of 4~z. 

For neutral particle reconstruction and electron 
identification we use the barrel part of a fine grain 
lead liquid argon calorimeter which has a solid 
angle acceptance of 86% of 4m Each of 16 calori- 

meter modules samples the energy deposited by par- 
ticles in the liquid argon 17 times in depth. The en- 
ergy is collected on lead strips of three different 
orientations up to a maximum of 21 radiation lengths 
(X0). For each particle it is combined into 6 en- 
ergy clusters in depth. The trajectory and energy of 
a particle is then reconstructed from up to 6 energy 
and position measurements. We obtain an energy 

resolution of a(E)/E=13 %/]/E (E in GeV) and an 
angular resolution of 4 mrad. 

The muon detector covers 92% of 47c and con- 
sists of one layer of planar wire chambers detecting 
particles penetrating a hadron filter formed by the 
liquid argon calorimeter and 80 cm of iron. The 
minimal filter thickness is equivalent to 5.5 interac- 
tion lengths. Each chamber allows the reconstruc- 
tion of space points using one layer of anode wires 
and two layers of tilted cathode strips. The spatial 
resolution of these chambers is of the order of 6 mm 
which matches the uncertainty due to the multiple 
scattering of muons in the hadron filter. 

The trigger for the multihadronic final state and 
the event selection criteria have been described pre- 
viously [9]. The most relevant data selection re- 
quirements were: 

(a) more than 4 reconstructed charged particles 
(b) fraction of total "visible energy" in charged 

particles ~Ei/W > 0.24 
(c) event axis (thrust) in a polar angle range of 

Icos 01 <0.84. 
These cuts remove two-photon events very ef- 

ficiently. The residual background from cosmic rays, 
beam-gas- and Bhabha-events has been removed by 
visual scan. The corresponding numbers of multi- 
hadronic events are then 2,100, 1,600 and 2,400 re- 
spectively at the three energies. These events were 
then studied for the presence of leptons. 

III. Prompt Electrons 

a) Electron Identification 

To identify electrons all tracks measured in the inner 
detector have been extrapolated to the liquid argon 
calorimeter. In order to avoid regions with a rapid 
variation of the acceptance, we reduce the solid 
angle covered with each calorimeter module by a 
typically 30 mrad wide band at the edges. This 
leaves 74 % of the solid angle. Two different strategies 
for electron identification were followed. Both meth- 
ods employ the longitudinal energy deposition in the 
liquid argon calorimeter. The first method (I) tests 
the maximum of the lateral shower distribution in 
the individual fine sampling layers of given orien- 
tation. The second one (II) uses the development of 
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the entire shower as given by the energy clusters in 
depth from the reconstruction. Both methods require 
that the energy E deposited in the liquid argon calo- 
rimeter matches the momentum p as measured in 
the central detector. This cut is parameterized de- 
pending on momentum and demands typically 
p/E < 1.6 yielding 95 ~o efficiency. 

In method I we consider only the energy deposit 
on those channels that are within + 1 channel widths 
on the particle trajectory, and select within this 
band the channel with the maximum energy deposit. 
We restrict the region used in depth to the second 
and third layer of the liquid argon calorimeter, ex- 
tending from 1 to 5X o. With 3 orientations per layer 
we thus obtain 6 independent fractional energy 
measurements per particle. In addition, for particles 
below 3 GeV we demand no energy deposit in the 
last layer (>16X0). The individual cut-off parame- 
ters have been optimized with respect to ~z/e-sepa- 
ration by comparison with detailed MC simulations 
and test data. To do so, we finally used a momen- 
tum dependent parameterization of these cut-off pa- 
rameters as obtained from the MC studies. 

Method II tests the relative energy deposit of the 
particles in each of the 6 layers of the calorimeter as 
found after reconstruction. To perform this test we 
used MC generated electrons in a wide range of 
angle and momentum to obtain their relative energy 
deposit in each layer as well as the correlations be- 
tween different layers. The longitudinal energy distri- 
bution of the reconstructed shower is then compared 
with the MC expectation using an angle and energy 
dependent parameterization. 

With both methods we get electron efficiencies of 
70 ~ in the momentum range from l to 6 GeV with 
a pion misidentification probability of 2 x 10 -3 as 
determined for isolated tracks from test measure- 
ments and MC studies. 

In a multihadronic event we are faced with ad- 
ditional complications. The high density of both 
electromagnetic and hadronic interactions of par- 
ticles in the liquid argon calorimeter may lead to a 
substantial overlap between clusters of deposited 
charge and thus worsen the energy resolution of the 
electron candidate. In addition, charged pions which 
are accompanied by nearby photons may fake elec- 
trons. Furthermore in this case the angular resolu- 
tion of tracks reconstructed in the central detector is 
somewhat worse, yielding larger errors for the extra- 
polation to the liquid argon calorimeter. Thus the 
electron efficiency is reduced to typically 60 O/~o, and 
the pion misidentification probability is increased to 
3 x 10 -3 as studied in MC events. 

In the following, results from method I are pre- 
sented. 

For  all relevant processes MC generated events 
were propagated through the detector according to a 
detailed simulation of the CELLO detector. The 
simulation in the liquid argon calorimeter is based 
on the EGS-code [10] for the electromagnetic part 
and on the HETC-code [11] for the hadronic part. 
Explicit use of this simulation was made in a pre- 
vious analysis [12] and detailed comparisons may 
be found there. Finally the MC data were then 
transformed into the original raw data structure and 
subsequently processed through the data reduction 
and analysis chain with the same cuts and constants 
as the real data. 

b) Event  Simulation and Background Subtraction 

For the generation of multihadronic annihilation 
events we employed the Hoyer  model [5] using Feyn- 
man-Field fragmentation [13]. The most important 
parameters of the model were tuned by detailed 
comparison with existing data.* 

We investigated the influence of different frag- 
mentation models on the results which will be dis- 
cussed in detail in Chap. V. 

Leptons from semileptonic decays of heavy quarks 
show a significantly different transverse momen- 
tum (pi)-distribution with respect to the thrust axis 
of the event than leptons from other sources. While 
most of the leptons produced in uO, dd, s2 and c? 
pairs are expected to have rather small transverse 
momenta, bb events should dominate the p• region 
typically above 1.0 GeV/c. Gluon emission and ini- 
tial state radiation reduce the difference, but leave 
the separation still valid. 

To reduce the background due to ~r-misidentifi- 
cation, 7-conversion and n/K-decays in the electron 
sample, we use the following cuts: 

- Momentum of the electron p > 1.5 GeV 
- Aplanarity A > 0.02. 

The aplanarity cut rejects very effectively the back- 
ground contributions from light quarks. 

Additional backgrounds result from a contami- 
nation of the multihadronic one photon annihilation 
sample with events from the following reactions: 

(1) The deep inelastic electron-photon scattering 
(DIS) 

e + e -  --*e + e -  + X ( C  = +). 

* Parameters used at W=34GeV: The mean transverse mo- 
mentum ~;=0.30 GeV/c, the relative abundance of u,d,s quarks 
from the sea 3:3:1, the relative proportion of pseudoscalar and 
vector mesons produced P/(P+V)=0.55, the fragmentation pa- 
rameter in the Feynman-Field parameterization AF=0.70, the 
strong coupling constant G=0.19 
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Here X is a hadronic system. One of the outgoing 
electrons is at large transverse momentum, the qua- 
si-real target photon is emitted by the electron 
which is scattered at small angles and is not de- 
tected. 

(2) The inelastic Compton scattering process (IC) 

e+e----,e+e + X ( C =  -) .  

This can be considered as a radiative Bhabha 
process where a real photon is replaced by a massive 
one. This inturn converts to the hadronic system X. 

The contributions of these two processes were 
computed according to methods applied in previous 
analyses [14, 15]. Events from DIS were generated 
using the structure function given in [16], which 
takes into account contributions from vector domi- 
nance, the quark-parton model and QCD corrections 
to the quark-parton model. 

Events of these two reactions are very efficiently 
rejected by the selection criteria for multihadronic 
events and the aplanarity cut. To reduce this back- 
ground further, we demand that the sum of the 
momenta of the charged particles in the same hemi- 
sphere (defined by the thrust axis) as the electron, 
projected onto the direction of this electron track, is 
larger than 1.0 GeV/c. 

c) Signal of Prompt Electrons 

The various contributions to the electron candidates 
with p• at W=14GeV and with 
Pa > 1.0 GeV/c at W=22 and 34 GeV are shown in 

Table 1. Contributions to the electron yield for electrons with 
p> l .5  GeV, p• GeV/c at W=14, and p , > l . 0 G e V / c  at W 
= 22 and 34 GeV using B r (c-~evX)= 9 ~o and Br (b--,evX)= 12 

Source of electrons W= 14 GeV W=22 GeV W= 34 GeV 

Light quarks (u, d, s) 
Misidentified ~c's 5.9 ~o 5.5 ~o 7.6 
Converted photons, 

~/K decay 11.8 ~o 2.8 ~o 11.8 

IC 0.0 ~o 0.2 % 1.4 ~o 

DIS 1.3 ~,o / 2.8 % 3.5 % 

Heavy quarks (c, b) 
Misidentified 7z's 4.2 ~o 4.2 ~o 8.0 ~o 
Converted photons, 

7z/K decay 3.8 ~o 4.4 ~o 10.9 ~o 
Prompt electrons 

(all) 73.0 % 80.~ % 56.8 % 
b~e only 36.6~ 60.0 ~o 34.2 ~o 

Number of 
electron candidates 6 8 20 
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Fig. l a  and b. Distribution of the transverse momentum p• for 
electrons compared to MC simulation with branching ratios of 
12~o for b-~evX and 9% for c~evX, a All electron candidates. 
The solid line shows the MC expected yield. The dashed line 
gives the contribution from prompt electrons as expected from MC 
events, b Prompt electrons. The solid line shows the prompt elec- 
tron yield as expected from the MC events. The dashed line gives 
the MC expected contribution to the prompt electron yield result- 
ing fi'om the semileptonic decay b~evX 

Table 1. Figure 1 shows the comparison between the 
data and t h e M C  prediction for the pi-spectrum of 
the electrons at the highest c.m. energy. The sample 
of electron candidates is displayed in Fig. l a to- 
gether with the total MC expected yield (solid line) 
and the MC expected prompt lepton yield (dashed 
line). A good agreement between data and MC is 
observed. The p• of prompt electrons 
obtained after background subtraction is shown in 
Fig. l b and compared to the MC expected prompt 
electron yield (solid line). The dashed line gives the 
contribution of the semileptonic b-decay only. 

The systematic error of the electron yield is com- 
prised of the relative systematic errors on the elec- 
tron identification (10~o), pion rejection (20~o), de- 
tector simulation - in particular photon conversion 
(5 ~'/o) and model dependence. The latter will be dis- 
cussed in detail in Chap. V. The relative error on the 
model calculations for the DIS and IC processes is 
estimated to be 5~ .  Adding the various contri- 
butions quadratically we arrive at absolute systemat- 
ic errors on the prompt electron yield of 6,9 ~o, 8.3 
and 7.7 ~o respectively at the three c.m. energies. 
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IV. Prompt Muons 

a) Muon Identification 

Inclusive muon candidates are selected by using the 
information provided by the muon detector. To 
identify muons, space points reconstructed in the 
muon chambers are associated with the charged par- 
ticles recorded by the central detector and extrapo- 
lated to the chambers. The uncertainties due to the 
track reconstruction in the central detector, multiple 
Coulomb scattering in the hadronic filter and distor- 
tions of the extrapolation through the magnetic field 
are taken into account. This yields for each extrapo- 
lated track an error ~ in its position in the chamber 
plane. The association between hits and tracks is test- 
ed by two quantities: the distance d between pre- 
dicted and measured hit, and the quality of asso- 
ciation q, roughly equal to d/a. The extrapolation 
procedure and the calculation of a have been estab- 
lished using cosmic muons, and have been used in 
the p-pair analysis [17]. 

For  muon candidates a momentum greater than 
1.6 GeV/c is required in order to have a probability 
of close to 100~o to penetrate the hadron filter. We 
cut at Icos0[<0.85 in the polar angle to ensure a 
good momentum measurement of the muon. To as- 
sociate hits in the muon chambers we demand q < 3  
and d__< 40 cm. These latter two cuts aim at reducing 
the hadronic background in the inclusive muon sam- 
ple. 

In addition the liquid argon calorimeter infor- 
mation is employed to reduce the hadronic back- 
ground further. Noninteracting particles are enhan- 
ced by asking for an energy deposit of less than 
500 MeV in the last two layers of the calorimeter 
(11-22 Xo). 

b) Background Subtraction 

There are two different background sources: Ran- 
dom associations between tracks and background 
hits in the muon chambers, ~/K-decay and hadron 
punch-through. Random associations are suppressed 
by the d cut, whereas the q cut is more powerful in 
reducing the contamination from decay and punch- 
through. A detector simulator has been used to 
understand this contamination. It was tuned by 
comparing the results of the propagation of pions 
and protons through iron of different thicknesses 
with measurements [18]. The distribution of back- 
ground hits in the muon chambers for Bhabha events 
was used to simulate the random associations. 
One can remark that mostly the randomly as- 
sociated hadrons are sensitive to the liquid argon 
cut. The resulting ha&on misidentification probabil- 

Table2. Contributions to the muon yield for muons with 
p>l.6 GeV/c, ps>0.5 GeV/c at W=14 and p,>l.0GeV/c at W 
=22GeV and W=34GeV using Br(c~#vX)=9~,; and 
Br (b--+#vX) = 12 % 

Source of muons W= 14 GeV W=22 GeV W= 34 GeV 

~/K-decay 10 ~o 9 ~ 9 
ha&on-punch through 18 ~ 22 ~ 22 
Random associations 3 ~ 5 ~ 14 
Prompt muons (all) 69~ 64% 55~ 

b~# only 47 ~ 40 ~ 44 

Number of 
muon candidates 25 14 22 

ity from 7z/K decay and hadron punch through is 
typically 5_+1.10 -3 at 2 G eV  and 12_+2.10 -a at 
7 GeV. 

The uncertainty in the background simulation is 
mainly due to punch through which is the dominat- 
ing background source (see Table2). The corre- 
sponding relative systematic error is estimated to be 
of the order of 10 ~o- 

C) Prompt Muon Signal 

The selection criteria described above are used to 
obtain muon candidates. The result is shown in Ta- 
ble 2 where the different contributions to the total 
muon yield are listed. The MC generation of events 
was done using the Lund program* [6]. Figure 2a 
shows the transverse momentum of the muon can- 
didates with respect to the thrust axis for the data at 
W = 3 4  GeV and MC generated events (solid line). 
The dashed line shows the fraction of prompt muons 
expected from MC events. The corresponding distri- 
bution for the prompt muons as obtained after 
background subtraction is shown in Fig. 2b and 
compared to the MC expected yield (solid line). The 
dashed line gives the corresponding fraction of 
muons expected from the semileptonic b-decay. 

The acceptance of our selection criteria has again 
been studied at the three c.m. energies using ha- 
dronic events. The main losses are due to the cut in 
the polar angle for the central detector acceptance 
(78 ~,) and to the global muon detector acceptance 
and efficiency (80-85~o, systematic error of 3~o). 
The resulting acceptance for muons of momentum 
greater than 1.6GeV/c is 55_5~o at W=14GeV,  52 
+_ 5 ~o at W = 22 GeV, and 47-+ 5 ~o at W= 34 GeV. 
From these acceptances we derive a cross section for 
the production of prompt muons in multi-hadronic 

* The parameters used at W=34GeV [19]: a~=0.30GeV/c, 
u:d:s=3:3:l, P/(P+ V)=0.5, %=0.26 
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Fig. 2a and b. Distribution of the transverse momentum Pa for 
muons compared to MC simulation with branching ratios of 12% 
for b~#vX and 9 % for c~#vX, a All muon candidates. The sol- 
id line shows the MC expected yield. The dashed line gives the 
contribution from prompt muons as expected from MC events, b 
Prompt muons. The solid line shows the prompt muon yieId as 
expected from MC events, The dashed line gives the MC expected 
contribution to the prompt muon yield resulting fiom the semi- 
leptonic decay b~#vX 
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Fig. 3. Cross section of prompt muons with p> 1.6 GeV/c at the 
three c.m. energies, compared to MC expectations. The error bars 
include both statistical and systematic uncertainties 

events. Figure 3 shows this cross section as a func- 
tion of W, compared to the MC expectations for c 
and b production (Br(c~#)=9+__2% and Br(b~#) 
=12+2%). Effects due to different fragmentation 
functions (see Chap. V) are included in the band of 
expectations. The effect of adding a top quark with a 
muonic branching ratio of 12 % is also indicated. 

V. Influence of MC Event Generator 
and Fragmentation Schemes 

Since the prompt lepton candidates are selected by 
kinematical and topological cuts, their expected 
yield will depend on the various assumptions made 
in the generation of multihadronic events. For this 
reason a detailed study was done to understand the 
systematic errors due to the choice of different MC 
generators, to the uncertainties on the fragmentation 
parameters and to different fragmentation functions. 
We report here the results obtained at 34 GeV with 
the Hoyer generator [51, followed by a comparison 
with the Lund one [6]. Results are quoted in terms 
of the lepton yield from c- and b-semileptonic de- 
cays normalized to 10,000 generated events. As 
throughout the paper the branching ratios were tak- 
en to be Br(c-~lvX)=9% and Br(b~lvX)=12%. 
An acceptance cut of ]cos 0J <0.85 was applied to 
each particle. An additional cut of Icos0[<0.84 was 
applied to the resulting thrust axis. Finally only lep- 
tons with a momentum larger than 1.6GeV/c were 
considered. The relevant MC parameters have been 
varied one by one to understand their individual 
contribution to the total lepton yield. 

a) Particle decay, QCD Matrix Element and ~s 

Although the Hoyer MC can reproduce rather well 
the global features of the multihadronic events pro- 
duced in e + e- [19],.some of the details are not as 
well reproduced as needed for the determination of 
the semileptonic branching ratios of heavy quarks: 
- The semileptonic decay of heavy mesons is per- 
formed in the program according to phase space. 
The universality of weak interactions and experi- 
mental data from charmed mesons suggest instead 
that a (V-A)-decay matrix element is more ade- 
quate to reproduce the energy spectrum of leptons. 
This variation of the matrix element leads to a 23 % 
decrease of the prompt lepton yield from c, but does 
not affect the yield from b significantly. 
- The generator uses the 1st order massless-quark 
QCD matrix element [20] to evaluate the probabili- 
ty of gluon emission and the differential cross sec- 
tion for 3-jet production [21]. The 1st order QCD 
formula for heavy quarks leads to quark-mass de- 
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pendent probabilities of gluon emission [22]. How- 
ever, introducing this mass-dependent matrix ele- 
ment, no appreciable effect on the lepton yield has 
been observed. 
- A variation of the strong coupling constant cq by 
as much as 20 ~ does not change the prompt lepton 
yield considerably. 

In summary we attribute systematic errors of 5 
to c- and b-decays after normalizing to the ( V - A ) -  
decay matrix element. 

b) Fragmentation Parameters 

Changing in the Hoyer MC the value of the frag- 
mentation parameters %, u:d:s and P/(P + V) within 
experimentally reasonable limits has shown that the 
prompt lepton yields from c and b are only very lit- 
tle affected. 

The transverse momentum of a final state hadron 
depends on its rank in the fragmentation cascade. 
The first rank mesons have on average a smaller 
transverse momentum than the higher rank ones, be- 
cause they get only one single contribution to p• 
from sea quarks. Field and Feynman had suggested 
to give a random Pi also to the primary quark so 
that all mesons follow the same p• distribution. We 
have tested the consequence of this hypothesis, giv- 
ing uncorrelated transverse momenta to the original 
quarks. Also in this case no effect on the prompt 
lepton yield has been observed outside the statistical 
errors. 

We estimate therefore that the overall systematic 
errors due to fragmentation parameters does not ex- 
ceed 5 ~ .  Equivalent studies as described in a) and 
b) have been performed with the Lund MC and 
have given similar results. 

c) Event Generators 

Differences between the Hoyer and Lund generators 
were investigated. All parameters were set to identi- 
cal values where possible. The yield from b-decays is 
not significantly different in the two models in con- 
trast to the yield for the c-decay which is 18 ~ lower 
in the Lund MC. The differences do not influence 
the yield from b-decays, but result in an 18 ~ lower 
yield for the c-decay in the Lund MC. We thus es- 
timate an overall systematic error of 18 ~ for the c- 
decay and of 5 ~ for the b-decay. 

d) Fragmentation Functions for Heavy Quarks 

In the previous part we have discussed the influence 
of various methods used in the MC generators. Here 
we discuss the important question of the description 

of the fragmentation of the heavy quarks in terms of 
analytic functions f(z),  where z is the fractional 
longitudinal energy of the hadron in the fragmen- 
tation cascade. In the present analysis we apply a 
momentum cut on the lepton and are therefore sen- 
sitive to the choice o f f (z )  which determines the mo- 
mentum distribution. To understand the systematic 
effects we generated MC events using different forms 
off(z).  

The standard MC generators [5-6] apply almost 
flat fragmentation functions for c and b quarks. 
Data available for the c-quark fragmentation [23] 
favour a much harder function f ( z )  like those pro- 
posed in [-24] and [25]. For the b-quark f ( z )  is very 
poorly known, but is expected to be even harder 
than for the c-quark. We therefore tested the influ- 
ence of the following functions: 

�9 Flat: s  1 

�9 Lund: fq(Z)=(1 +aq)(1 - z )  aq 

with ac=0.216 and ab=O.086, 

�9 Peterson et al. [24]: 

1 
fq(z) = 

z 1 
z 1 - z ]  

with %=0.11 and %=0.013, 

�9 Suzuki et al. [-25]: 

l 

with M = 1 GeV, 

f ( z ) = 0 ,  z < %  

These functions 

mM ~2. 

O:q = \mq + M ] 

were introduced both into the 
Hoyer and the Lund generator without retuning the 
MC parameters. The relative changes are quite simi- 
lar. We therefore present the results from the Lund 
generator only. Table 3 shows the number of prompt 
leptons expected from c and b decays for 10,000 gen- 

Table 3. Influence of different fragmentation functions f(z) in the 
Lund M.C. event generator on the number of leptons (muons or 
electrons) with p>l.6 GeV/c for 10,000 multihadronic events at 
W = 34 GeV using Br (c ~ lv X) = 9 ~ and Br (b -~ I v X) = 12 

f(z) No p• Pi > 1 GeV/c 

c~lvX b~lvX c~IvX b~lvX 

Flat 160.0_+4.0 92.2_+3.0 19.5_+1.4 62.9_+2.5 
Lund 154.4_+3.9 94.6_+3.1 20.2_+1.4 64.8!2.5 
Peterson et al. 208.5_+4.6 101.9_+3.2 27.2_+1.6 67.9_+2.6 
Suzuki 225.3_+4.7 109.9_+3.3 33.7_+1.8 73.0_+2.7 
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erated multihadronic events for the four different 
functions. These events were subjected to the same 
cuts as in the preceding paragraphs. The lepton yields 
are shown with and without a p• at 1 GeV/c 
separately after the p-cut at 1.6 GeV/c. 

We observe large differences between soft and 
hard functions with and without the p• Even 
between the two more realistic hard f(z) we observe 
differences in the order of 15% for the c-decay in 
contrast to the b-decay (5 %) which is much less sen- 
sitive. Therefore a systematic error in the determi- 
nation of the branching ratio of the semileptonic de- 
cay is introduced not only for the c-quark, but also 
for the b-quark due to the subtraction of the c-quark 
contribution. 

In summary applying the Peterson et al. frag- 
mentation function and the (V-A)-decay matrix ele- 
ment we estimate an overall relative systematic error 
due to all MC dependent effects of 25 % for c-decays 
and 10% for b-decays. 

VI. Results 

We derive from the prompt leptons the branching 
ratios of the semileptonic decay of the c- and b- 
quark by comparing the p• spectra of the data with 
the MC prediction of fixed branching ratios. 

As discussed previously the leptons from b-de- 
cays are expected to have high transverse momenta. 
To enrich the b-sample we therefore take events with 
p• GeV/c at W=14 and with p•  GeV/c at 
W=22 and W= 34 GeV. With these cuts the accept- 
ed fractions of events with a semileptonic b-decay is 
37%, 60%, 34% for the electron decay and 47%, 
40%, 44% for the muon decay at W=14, 22 and 
34 GeV. Table 4 shows the derived branching ratios 
using the fragmentation functions of [24] and (V 
-A)-decay. The branching ratio of c~ lvX was taken 
as 9-+2%. The systematic errors include those 
discussed in the lepton identification and back- 
ground subtraction and those due to the fragmen- 
tation and methods specific to the MC event genera- 
tion (Table 3). They were added in quadrature. We 

Table 4. Branching ratios for the semileptonic decay of the heavy 
quarks at three c.m. energies W. The first error is the statistical 
one, the second error the systematic one 

W Branching ratios 
(GeV) 

b-,evX b--+pvX c~pvX 

14 4.0•177 
22 21.3•177 
34 15.5• 9.0• 
Average 14.1• 5.8• 

26.0+8.2+3.9~ 20.5+7.2+4.9% 
3.8+6.2+3.7% 15.0•177 
6.3+4.8+3.5~ 8.1+4.3+3.9% 
8.8•177 12.3+2.9+3.9% 

Table 5. Comparison of branching ratios for the semileptonic de- 
cay of the heavy quarks from this experiment to those of other 
experiments 

Branching ratios 

b~evX b~#vX c~#vX 

CELLO 14.1+5.8+3.0~ 8.8+3.4+3.5% 12.3 +_2.9 • ~ 
(this 
paper) 

CLEO [3] 12.7+1.7+1.3% 12.2+1.7+3.1% 
CUSB [3] 13.6 +2.5 +3 .0~  
Mark-J [3] 10.5+1.5+1.3~o 11.5+1.0+1.7~ 

find an average branching ratio of 14.1+5.8 (stat.) 
+3.0 (syst.)% for b~evX and of 8.8_+3.4% (star.) 
_+3.5 (syst.)% for b~l~vX, in good agreement with 
previous results [3] (see Table 5). 

To extract the branching ratios for the semilep- 
tonic decay of c-quarks we use cuts in the thrust dis- 
tribution of T>0.88, 0.88 and 0.94 at the three c.m. 
energies (W= 14, 22 and 34 GeV). Due to large con- 
tributions from background processes to the electron 
signal we are only able to determine the muonic 
branching ratio. With these cuts the accepted frac- 
tions of events containing a muon from semilep- 
tonic c-decay are 43 %, 43 %, 34% at the three c.m. 
energies with negligible contributions from b-decay. 
Column 3 in Table 4 contains the c---,#vX branching 
ratios with an average of 12.3 +_ 2.9 (stat.) 
+3.9(syst.)% again in agreement with previous 
measurements [4] (see Table 5). 

Replacing the relatively hard fragmentation func- 
tions of [24] by the standard functions of the Hoyer 
and Lurid generators would increase the branching 
ratios by 16% for b-~evX, by 29% for b--,l~vX and 
by 36% for c ~ v X .  

We have searched for events with 2 leptons and 
found e.g. at W =34GeV lee, 5## and 2eg can- 
didates. Within the limited statistics these numbers 
are compatible with the expectations from MC using 
the measured branching ratios of the e- and b-quark. 

Using the sample of enriched bb-events, we de- 
termined the asymmetry due to the electro-weak in- 
terference. We use the thrust axis as an approximate 
measurement of the quark direction of flight and the 
sign of the lepton to tag the charge of the parent 
quark. After background subtraction we fit the 
angular distribution of the asymmetry. For bb-pair 
production an asymmetry of -27 .3% is predicted. 
Due to the various background contributions we ex- 
pect a reduced asymmetry of - 5 . 8 %  for electrons 
and - 8 . 0 %  for muons at W--34 GeV with an un- 
certainty of 2.2% for electrons and 3.2% for muons 
respectively. This error on the predicted value in- 
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cludes all systematic uncertainties discussed above: 
lepton identification, model dependence and branch- 
ing ratios. Even though we cannot really test in a 
definitive way these predictions with our limited 
statistics, our measurements of - 3 8 ~ + 2 1 ~  for 
electrons and of -437oo_+31~ for muons are com- 
patible with the expected values. 
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