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Abstract. The production rate of electrons with momen-
tum p > 4 GeV/c and large momentum transverse to the
jet containing the electron has been measured in 136 000
hadronic decays of the Z° recorded with the OPAL de-
tector at LEP in 1990. The dominant source of these
electrons is the semileptonic decay of hadrons containing
b quarks. If we assume that the semileptonic branching
fraction of » hadrons produced on the Z° resonance is
the same as the branching fraction measured at the Y (4 .5)
resonance, we determine I, ;= 394 + 13 + 32 MeV, where
the first error is statistical and the second error is system-
atic. The sensitivity of the result to this assumption is
discussed. We have reduced the dependence of our result
on the model of b hadron semileptonic decay by taking
into account the correlation between the model depend-
ence of the branching fractions measured at the Y (4S)
and of our kinematic acceptance for electrons.

1 Introduction

The measurement of the partial widths of the Z° to quarks
and leptons allows a fundamental test of Standard Model
of electroweak interactions. The OPAL collaboration has
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measured the leptonic and hadronic widths of the Z° to
a precision of 1%, and the measured values [1] are in
good agreement with theoretical predictions. The test of
the theory is incomplete without the measurement of the
partial widths of the Z° to individual quark flavours.
The measurement of the partial width to b quarks, I;,
is of particular interest, because there are electroweak
vertex corrections involving ¢ quarks that are uniquely
large for the b quark [2]. These large vertex cotrections
partially cancel the effect of loop diagrams with ¢ quarks,
so that the theoretical prediction of I',; has very little
dependence on the mass of the top quark. A measurement
of I',; to 1% precision would allow a test of these elec-
troweak corrections. Extensions of the Standard Model
with mixing between ordinary and exotic fermions predict
shifts [3, 4] in I, ; from the Standard Model value.

Leptons are a well established signature of the decay
of b-flavoured and c-flavoured hadrons. Several meas-
urements of heavy quark production cross sections in
ete  collisions using leptons to tag heavy quark decays
have been reported [5-8] at centre-of-mass energies
]/Ez M, , where M, is the mass of the Z°. Other methods
to determine I,; have also been used [9, 10]. The pre-
viously published OPAL measurement of heavy quark
production [8] is based on muon production in hadronic
Z° decays. This paper reports a determination of I,
using electrons with momentum p > 4 GeV/c.

Electrons in this momentum range are expected to
come from*

e primary b-flavoured hadron decays, b—e™ v, X;

@ the secondary decay products of b-flavoured hadrons,
b—c—etv,X, b>é—e v, X, b1 —e v, X, and
b—ow—ete X;

e the direct production of charmed hadrons, Z°—ce,
with c—e*v, X;

* In this paper, reference to a b or ¢ quark decay implies the charge

conjugate decay for b and ¢ quarks



@ photon conversions;
e Dalitz decays of #° and 5 mesons; and
e other sources such as the decay of strange hadrons.

Electrons from the first three sources are referred to as
prompt electrons.

Electrons from primary b-flavoured hadron decays
have a harder momentum spectrum than electrons from
the other sources due to the hard b quark fragmentation.
Electrons from primary b decays have a larger average
momentum component perpendicular to the momentum
of the decaying hadron than electrons from the other
sources due to the large b-flavoured hadron mass. In this
analysis, the transverse momentum p, is measured with
respect to the jet axis of the jet containing the electron
candidate as explained below. We measure the production
rate of electrons in the kinematic range p > 4 GeV/c and
p, > 0.8 GeV/c, where the primary decay of b-flavoured
hadrons, b—e™~ v, X, is the dominant source of electrons.
From this rate, (I',;/1},.q4)-B(b—e” v, X) can be deter-
mined, where I, is the partial width of the Z° to had-
rons and B(hb—e v,X) is the average semileptonic
branching fraction of the » hadrons produced on the Z°
resonance.

Previous determinations [6-8] of I, ; using lepton tags
at LEP are limited by the uncertainty in the semileptonic
branching fraction of b hadrons, B(b—Iv,X). The
average semileptonic branching fraction of the mixture
of BY and BT mesons produced at the Y'(4S) resonance
has been determined [11, 12] using measured electron and
muon momentum spectra. Leptons at the Y (4.5) with
high momentum come predominantly from b— /v, X. De-
termining the branching fraction B(b—Iv,X) requires
the use of a model of the semileptonic decay spectrum to
extrapolate to low momenta where the presence of sec-
ondary decays b—c—1Iv, X and experimental limitations
in lepton identification prevent a direct measurement of
the rate of b—/v,X decays. For example, the models
considered by the CLEO collaboration [11] result in
greater than 10% variation in the value of
B(b—1v,X). Our kinematic requirements, p >4 GeV/c
and p, > 0.8 GeV/c, preferentially select electrons that
have relatively high momentum in the rest frame of the
decaying b hadron: precisely the region where b—1v, X
dominates at the Y (4 S). If a particular model predicts
a momentum spectrum that is too hard, this would lead
to the kinematic acceptance of both CLEO and OPAL
being overestimated, or alternatively, the value of
B(h—Iv,X) determined by CLEO and the value of
(5 /Taa) - B(b—e7 ¥, X) determined by OPAL both be-
ing underestimated.

If we instead derive I',; from our measurement, prop-
erly taking into account the correlation for the different
models between the hardness of the lepton momentum
spectrum and the wvalues of B(b—/v,X) and
B(b—c¢—Iv,X) extracted at the Y(4S), then much of
the model dependence cancels in our result. In extracting
I,; in this way, we assume that the average semileptonic
branching fraction of the » hadrons produced at
]ﬁzM ~ 1s the same as the semileptonic branching frac-
tion at the Y (4.5). This may not be true if the semilep-
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tonic branching fractions of B° and b baryons are dif-
ferent from those of BS and B*, since B? and b baryons

are presumably produced at |/s ~M_, but not at the
Y (4S). The sensitivity of I',; to the above assumption
is discussed.

2 The OPAL detector

The OPAL detector is described in detail in a recent pub-
lication [13]. The essential features of the components of
the detector used for electron identification are described
here. In the OPAL coordinate system, positive z is along
the e~ beam direction, ¢ is the azimuthal angle, and 8
is the polar angle.

Charged particle trajectories are measured in the cen-
tral detector, which consists of three components. The
innermost component is a 1 m long, high resolution drift
vertex chamber with an inner radius of 8.8 cm, and outer
radius of 23.5 cm, and both axial and stereo wires. This
vertex chamber is surrounded by a drift (jet) chamber
that is approximately 4 m long and 3.7 m in diameter and
has 24 azimuthal sectors, each with 159 axial sense wires.
The jet chamber covers 95% of the solid angle with at
least 20 points per track and provides a measurement of
the ionization energy loss of charged particles [14]. The
z coordinate of each space point in the jet chamber is
measured using charge division. To increase the precision
of the determination of the track polar angle, the jet
chamber is surrounded by drift z-chambers that provide
up to six measurements of the z coordinate with 300 um
resolution per point. These z-chambers cover 94% of the
solid angle in the polar angle range |cos @} < 0.72. The
central detector is contained in a pressure vessel that
maintains a pressure of four atmospheres. Surrounding
this pressure vessel is an aluminum coil that produces a
uniform solenoidal magnetic field of 0.435 T. The reso-
Iution of the momentum in the bending plane of the mag-
netic field is given by o, /p = l/(0.02)2 +(0.0018 p)? (pin
GeV/c), and the resolution of the azimuthal angle is
0.1 mrad. When all three components of the central de-
tector are used, the resolution of the polar angle is
0.25 mrad.

Surrounding the magnet coil is a lead-glass electro-
magnetic calorimeter with a presampler. The barrel lead-
glass calorimeter covers the full solid angle in the region
|cos 8| < 0.82. It consists of 9440 lead-glass blocks ar-
ranged in an approximate projective geometry. The
energy resolution for electrons in hadronic events, o, is
givenby o /E= l/(0.16)2/E (GeV) +(0.03)?, The barrel
presampler is located between the magnet coil and the
lead-glass calorimeter. It consists of two concentric cyl-
inders of limited streamer tubes with wires parallel to the
beam axis and cathode strips oriented at +45° with re-
spect to the wires. The barrel presampler covers the full
solid angle in the range |cos@| < 0.81. Particles with
6 =90° that penetrate to the calorimeter traverse 1.7 ra-
diation lengths of material distributed over approxi-
mately 40 cm.
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Behind the electromagnetic calorimeter is the iron re-
turn yoke of the magnet, which is instrumented with
streamer tubes with pads and strips to form a hadronic
calorimeter. Four planes of muon chambers surround the
hadronic calorimeter.

3 Data Sample

The data sample used in this analysis consists of 135717
events passing a hadronic event selection [1]. These data
were collected during the 1990 run of LEP at centre-of-
mass energies ranging from 88.2 GeV to 94.2 GeV. The
hadronic event selection is 98.4% efficient and contains
approximately 0.2% background, which is from leptonic
Z° decays and two-photon scattering events. This sample
corresponds to 137 600 produced hadronic events with
an error of 0.4%. To significantly reduce the chance that
electrons from Z°%— 1" 7~, t—ev¥ contaminate the elec-
tron sample, events are required to have at least six good
charged tracks in addition to passing the hadronic event
selection criteria. A good track satisfies the following
requirements : the distance of closest approach of the track
to the beamspot in the plane perpendicular to the beam
axis must be less than 5 cm; at this point the z coordinate
of the track must be less than 50 cm from the nominal
collision point; the track must have at least 40 space
points measured in the jet chamber and a transverse mo-
mentum with respect to the beam axis greater than
0.15 GeV/c. The track multiplicity requirement reduces
the sample examined for electron candidates to 133 313
events.

Jets are found using the scaled-mass jet finding al-
gorithm of JADE [15], with the EQ recombination scheme
[16], using only good charged tracks and a value of
Veur = 0.02. With this value of y_,, the axis of a jet con-
taining an electron is an approximate representation of
the line-of-flight of the parent hadron. For each good
track, we define p, as the component of its momentum
transverse to the direction of the jet containing the track.
In this definition, the track is included in the determi-
nation of the jet axis.

4 Electron selection

The electron selection is based on the ionization loss
(dE/dx) measured in the jet chamber, the amplitude of
the barrel presampler cluster associated to the central
detector track, the lateral distribution of energy in the
barrel lead-glass cluster associated to the track, and the
comparison of the track momentum with the lead-glass
cluster energy. At smaller momenta, the d E/dx meas-
urement alone would be sufficient to produce a sample
of electrons with low background from misidentified had-
rons. At larger momenta, the presampler and lead-glass
calorimeter selection criteria are necessary to keep this
hadronic background low.

Tracks considered as electron candidates must satisfy
the track requirements given in Sect. 3. Since all the elec-
tron selection criteria require an accurate estimate of the

polar angle, tracks considered as electron candidates are
required to have at least three associated z-chamber (CZ)
hits: N, 2 3. The z-chambers cover the polar angle range
[cos@| < 0.72, but tracks are required to satisfy
|cos @| < 0.7 to avoid the edge of the z-chamber accep-
tance.

For charged tracks, the ionization energy loss, dE/
dx, is measured in the jet chamber with up to 159 samples
per track. A truncated mean (the mean of the lower 70%
of the samples) is used to estimate the dE/dx of each
track.

The d E/dx selection is based on

v dE/dx (measured) —<{d E/dx),
NEjax= Tare ; (D

where {dE/dx), is the mean dE/dx expected for elec-
trons, and the error in dE/dx is approximated by [14]:

O4E/dx 0.43

X =(.038- (159 2

dE/dx 0 (139/Neamp )™ @)
with N, being the number of samples used to measure

dE/dx. Tracks considered as electron candidates must
have a minimum of 40 samples, N, ,,,, = 40. Figure 1 shows
Ngg/a, for tracks in hadronic events after some of the
other electron selection criteria have been applied to en-
hance the signal. Pion and electron peaks and a shoulder
due to kaons are clearly visible. Electron candidates are

required to have

[ ] N:E/dx > —2.0.
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That is, the track is rejected as an electron candidate if
the dE/dx value is more than 2.0 standard deviations
below the value expected for electrons.

The barrel presampler is sensitive to whether a particle
has begun to shower before entering the lead-glass cal-
orimeter. The presampler is calibrated so that the distri-
bution of the amplitudes of clusters created by beam-
energy muons peaks at two units of amplitude, corre-
sponding to the two concentric cylindrical layers of
limited-streamer tubes composing the presampler. Had-
rons usually do not interact in the central detector pres-
sure vessel and the magnet coil, which are located inside
the presampler, and therefore leave a signal similar to
muons in the presampler; electrons usually interact in
this material and leave a presampler signal of much larger
amplitude. The average amplitude for electrons increases
with increasing electron momentum. The electron can-
didate track is required to be associated to a presampler
cluster with

o presampler cluster amplitude greater than 2.5+ p/2 or
10, whichever is smaller,

where p is the momentum in GeV/c. The effect of the
requirement is illustrated in Fig. 2, which shows the pre-
sampler amplitude distribution after all other electron
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selection criteria have been applied (the calorimeter se-
lection is described below). The required amplitude in-
creases with momentum in order to reject as much back-
ground as possible, while allowing an efficiency that does
not depend on momentum.

The inner edges of the barrel lead-glass blocks lie on
a cylinder of radius 246 cm. The blocks are 24.7 radiation
lengths (X,) deep and 6.7 X, wide. The face of each block
is 10 cm by 10 cm, so a block subtends 41 mrad in 0 at
cos @ =0 and 29 mrad at cos#=0.7. With this combi-
nation of angular granularity and block width in X,,, most
of the energy of an electron shower is contained, on av-
erage, in a smaller number of blocks than the energy of
a showering hadronic particle or the combined energy of
a charged hadronic particle with nearby electromagnetic
showers from n%s. This difference in the lateral distri-
bution of the energy in the lead-glass is used to separate
electrons from hadronic background.

The lateral distribution of the energy in the lead-glass
cluster associated to a track is measured by comparing
two energies, £ . and F_ ... E ... is the sum of the
detected energies in all blocks in the associated lead-glass
cluster that have centres within 30 mrad of the extrapo-
lated track position at the inner face of the lead-glass.
The second energy, E is equal to E___, plus the sum

cone2» cone
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of the detected energies in all blocks that touch (either
on the side or on the corner) any block that was used in
E ... These energies are corrected for the average un-
detected energy of an electron shower due to the material
in front of the calorimeter. On average, a large percentage
of the energy of an electron is contained in E___, so unless
there are other particles surrounding the electron that
contribute a significant amount of energy to the blocks
defining E_,.,, the ratio E_ . /E., ... is close to unity
for electrons. This is illustrated in Fig. 3a, which shows
the E_ ./ E.....» distribution for events with a single, iso-
lated electron in the barrel region of the detector. These
single electrons are from radiative Bhabha scattering,
ete”—>ete ™y, and the two-photon  process,
ete”—>ete eTe™. The selection of these events is very
similar to the selection described in [17]. Figure 3b shows
E e/ Econes for tracks with d E/dx more than 2.5 stan-
dard deviations below the expected value for electrons
compared with tracks with dE/dx within 1.0 standard
deviation of the expected value for electrons. The had-
ronic background has a flat distribution in E,_./E .02
while the electrons peak towards ome. The value of
E. o/ E ones is found to be relatively independent of p.
Electron candidates are required to satisfy

® (Econe/EconeZ) > 085

The final electron selection requirement is based on
E_,./p. For an electron, the energy E measured in the
lead-glass calorimeter should equal the momentum, within
the detector resolution (except for electrons that have lost
energy via bresmstrahlung, in which case E > p). For
hadrons, E is usually much less than p, unless the hadron
showers in the lead-glass or is nearby other electromag-
netically interacting particles. Using E_ . instead of the
cluster energy reduces this overlap background and avoids
mismeasuring the electron if there are other nearby par-
ticles. Figure 4a shows the distribution of E_ . /p from
the single electron events, and Fig. 4b shows the distri-
bution of E_,./p for tracks with d E/dx more than 2.5
standard deviations below that expected for an electron.
Since E . is usually slightly less than the energy of the
electron, the distribution of E, . /p has a peak slightly
below unity. An electron candidate is required to have

e 07<E__ . /p<l4.

cone

5 Signal and background determination

The total number of tracks with p, > 0.8 GeV/c passing
the electron selection criteria is 1411. Table 1 gives the
number of electron candidates in three bins in momen-
tum.
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Table 1. The number of electron candidates with p, > 0.8 GeV/c
in three bins of momentum. The second row is the background
from photon conversions. The first error is the statistical error and
the second error is the systematic error. The third and fourth rows
are two independent estimates of hadronic background from the
data. The error is the statistical error. The last row is the electron
signal after the backgrounds from photon conversions and misi-
dentified hadrons determined using the E_ . /p fit have been sub-
tracted. The error is the statistical error only

Momentum 4<p<b6 6<p<10 p>10

(GeV/c)

tracks passing 324 508 579
selection

conversion 60.0£55+150 300+£394+75 240+3.5+6.0
background

hadronic
background

e from Ny, 134116 284+3.6 67.0+8.3

e from 9.7+1.8 30.545.1 77.24+17.0
Eone/ P

electron signal 254417 448 422 478 +£24

Of these 1411 tracks, 57 are identified as originating
from photon conversions and are rejected. Photon con-
versions are identified using information from the central
detector only. The identification demands a pair of op-

Econe/ P

positely charged tracks with a momentum sum vector that
points back to the event vertex. To reduce combinatorial
background, conversion candidate pairs must have a re-
constructed radius of origin greater than 1 cm from the
nominal beamspot, and both tracks must have dE/dx
consistent with the value expected for an electron. The
most important identification criterion is that the invar-
iant mass of the pair, assuming it is an electron-positron
pair, be less than 50 MeV/c%.

The photon conversion identification efficiency is de-
termined using a sample of simulated hadronic events.
These events were generated using the JETSET Monte
Carlo program [18] and a program that simulates [19]
the response of the OPAL detector. The identification
efficiency determined with this Monte Carlo data sample
is about 50%, so the remaining background from photon
conversions is equal to the number of observed identified
conversions. The correction for unidentified conversions
also includes electrons from the Dalitz decays of neutral
mesons; this background is less than 1% of the total
number of electrons. Table 1 lists the background from
photon conversions in three bins of momentum. The first
error on this background is the statistical error from the
number of observed conversion candidates. The second
error is a 25% systematic error assigned because of un-
certainties in the Monte Carlo modelling of the central
detector and uncertainties in the conversion identification
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efficiency. The fraction of prompt electrons rejected as
photon conversions has been determined to be less than
0.5% and is neglected.

After subtraction of the background due to photon
conversions, the remaining sample of tracks still has
background from hadrons misidentified as electrons. This
misidentification background is determined from the data
by exploiting the independence of the d E/dx and calo-
rimeter selection criteria. The amount of signal and had-
ronic background in the electron sample is measured us-
ing two independent methods: the first uses N7 4, dis-
tributions and the second uses E . /p distributions. In
the first method, the hadronic background as a function
of p and p, is estimated by fits to NJg 4, distributions
after applying all requirements except the N, , . require-
ment. The shape of the background component in p and
p, bins is determined from the data using tracks that are
anti-selected by requiring that the track fail the pre-
sampler requirement and have 0.1 <E_ _/p < 0.5 (but
the track must still fulfil the E__ . /E. .., > 0.85 require-
ment). The distribution of N7z 4, for electrons should be
a Gaussian with a mean of zero and unit width. This is
found to be true using electrons from identified photon
conversions. This Gaussian and the hadronic background
shape histograms are fitted to the Nz, distributions;

only the normalizations of the Gaussian and background
histograms are allowed to vary. The fits in the three mo-
mentum bins for p, > 0.8 GeV/c are shown in Fig. 5, and
the resulting measurement of the hadronic background
in three momentum bins is given in Table 1. The errors
on these background numbers in the table are dominated
by the statistical errors from the fits: systematic shifts in
these numbers due to varying the anti-selection require-
ments and due to including the mean and width of the
Gaussian as free parameters in the fit are negligible.

A second, independent, background determination is
made by fitting to the . /p distributions after all se-
lection criteria are applied except the E_ . /p require-
ment. The shape of the background component is deter-
mined from tracks anti-selected by requiring that they
satisfy Niz/y, < —2.5. Only the background normali-
zation is allowed to vary in the fit. The signal is fit to a
function of six parameters that adequately describes the
changing shape of the electron peak in the E_ . /p dis-
tributions in the different momentum bins. The resulting
background is depicted in Fig. 6 and is given in Table 1.
The background fractions from the two methods agree
within the statistical errors. The hadronic background
measured with the fits to the E___. /p distributions is used
in the subtraction to determine the signal, and the in-
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Ecous/ p

dependent measurement using Ny /4, fits is used to assess
systematic errors. The hadronic background fraction for
electrons with p >4 GeV/c and p, > 0.8 GeV/c is 9%.

The last line in Table 1 lists the electron signal after
the backgrounds from photon conversions and misiden-
tified hadrons determined using the E . /p fits have been
subtracted. The error is the statistical uncertainty only.
The systematic error assigned to the signal due to uncer-
tainty in the hadronic background is 1.1%.

6 Number of produced prompt electrons

Table 1 lists the numbers of electron candidates after the
backgrounds from photon conversions and misidentified
hadrons have been subtracted. Using Monte Carlo sim-
ulated hadronic events, the number of electrons expected
from other sources such as the decay of strange hadrons
is found to be negligible after the momentum and trans-
verse momentum requirements. The numbers of Table 1
must be corrected for the efficiency of the electron
identification criteria to obtain the total number of
prompt electrons produced, NS ., With p>4GeV/c,
p,>08GeV/c, and |cosf| <0.7.

6.1 Electron identification efficiency

The efficiencies of the different selection criteria are de-
termined from the data, separately in each of the three
momentum bins, and are summarized in Table 2.

The combined efficiency of the N, =40 and N, =3
selection criteria is determined by finding the efficiency
of these requirements on tracks passing the muon selec-

Table 2. Electron identification efficiencies for p, > 0.8 GeV/cas a
function of p for tracks with |cos@| < 0.7. The errors are the
statistical errors only. The efficiencies for the four requirements are
multiplied together to give the combined efficiency. The units for
p are GeV/c

4<p<b 6<p<l10 p>10
Nez and N, 0.76 40.03 0.81 +0.02 0.79 4+0.02
ey 0.969 +0.007  0.969+40.007  0.969 £+ 0.007
E ./E.cn> 0.761+0.022  0.8274+0.028 0.836+0.023
and EC(?HC /p
presampler 0.8384+0.027 0.846+0.026 0.828+0.028
combined 0.470+0.028  0.5494+0.029  0.530+0.027
efficiency
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tion described in [8]. The efficiency of a track to satisfy
the N, and N, criteria is sensitive to the activity in
the central detector around this track. Monte Carlo stud-
ies show that this level of activity is different for b—ev X
than it is for other processes like b—c—ev, X or c—ev, X,
even for tracks with the same momentum and transverse
momentum. The muons are an ideal sample to use to
calculate this efficiency, since the underlying physics
processes resulting in muons in hadronic events should
be similar to those processes producing electrons (ex-
cluding electrons from photon conversions and muons
from nonprompt decays).

The distribution of N7, . for electrons is very close
to a unit Gaussian. To evaluate the non-Gaussian tails
of the Ny, distribution, we have studied samples of
electrons identified from photon conversions, and pions
from identified [20] K°>n "7z~ decays. Using a pure
sample of electrons from photon conversions identified
in the jet chamber gas volume without using dE/dx as
a selection criterion, the efficiency of the requirement is
found to be 0.963+0.015. A statistically more precise
determination of the efficiency of the NJy /4, requirement
is made using pions from K°—z " n~ decays using the
expected value of (dE/dx) for pions rather than the
expected value for electrons in the formation of Nf. /4,
For p >4 GeV/c, only particles with larger mass than
the mass of the pion will contaminate the low end of the
N§r/q, distributions for pions. Any K°—zn "z~ candi-
date that also satisfies the A —pn hypothesis is not con-
sidered. The remaining small amount of combinatorial
background in the K°—n * 7~ sample is almost entirely
due to pions. The efficiency of the requirement is found
to be 0.969 +0.007, with no significant variation with
momentum. This efficiency is in good agreement with the
value of 0.977 expected for a cut at —2 standard devi-
ations on a unit Gaussian. The possible systematic bias
of the N§,,, distribution not being centred at zero is
considered in the following subsection.

The muons in hadronic events are also used in the
calculation of the combined efficiency of the E .../ E .one>
and E_ . /p requirements. Electrons fail these require-
ments either because the lateral spread of the electron
shower is unusually wide, or because energy deposits of
nearby particles increase E,.,. These overlap effects are
measured from the data by studying the energy deposits
in E_ . and E_, ., using the muon sample. The loss of
efficiency due to lateral shower spread is determined us-
ing single electron events. The possibility that the com-
bination of overlapping energy and lateral shower spread
cause an electron to fail the £,/ E .., requirement has
been taken into account. The efficiency determined in
this way has been corrected for the effect of the non-
prompt background in the muon sample. This back-
ground is less isolated than prompt muons and therefore
causes an underestimate of the E_  /F.,.., cfficiency.
The correction is based on fully simulated JETSET Monte
Carlo events and ranges from 3% in the lowest momen-
tum bin to 2% in the highest momentum bin.

The efficiency of the presampler requirement
is found by determining the amount of signal between
0.7<E_,./p<14in the E_, /p distribution after all

cone cone

selection criteria (Ney, Noamps Nag/axs a4 Eop/Econe2)
but the presampler requirement have been applied, and
then comparing this signal to the number of elec-
trons found in the E_ . /p distribution of tracks re-
jected by the presampler requirement. The fits to these
two E_,,./p distributions are shown in Fig. 7a, b for
p>10 and p,> 0.8 GeV/c. The shapes of the back-
ground distributions are determined with tracks that have
Ngg/a, < — 2.5, and the same fit procedure described ear-
lier to determine hadronic background is used. The pre-
sampler efficiencies determined with these fits agree within
statistics with the presampler efficiencies determined from
a sample of electrons from identified photon conversions.

The efficiencies of the (1) N, and N, requirements,
(2) the N§g/, requirement, (3) the E_,./E .., and
E_, ./p requirements, and (4) the presampler require-
ment are multiplied together to obtain the total electron
identification efficiency. The possible correlations be-
tween the requirements are taken into account in the
procedure for calculating the efficiencies; for example,
the efficiency for the presampler requirement is calculated
for tracks that have already passed requirements (1) to
(3). These correlations were checked with the Monte
Carlo, as well, and were found to be small. Table 2 gives
the efficiencies of requirements (1) to (4) and the total
efficiency in the three momentum bins. The errors are the
statistical errors only. The efficiency of requirements (1)
and (2) show no dependence on p, in the region above
p,> 0.8GeV/c. The efficiency of the E_ ./E.,,.. and
E.../p requirements and the presampler requirement
have a slight dependence on p, for p, > 0.8 as shown in
Table 3. The average efficiencies given in Table 2 for these
two requirements take into account the observed number
of electrons in each p and p, bin. The efficiency for finding
an electron with p>4GeV/c, p,>0.8GeV/c, and
|[cos@] < 0.7 is 0.52240.016 (statistical uncertainty
only).

Table 3. The efficiency of the combined E.,../E .., and E . ./p
requirements and the presampler requirement as a function of p
and p, in the range |cos 8| < 0.7. The average efficiencies take into
account the observed number of events in each p, bin. The errors
are the statistical errors only. The units for p and p, are GeV/c

Efficiency of the combined E_./E,,., and E_, . /p requirements

4<p<b 6<p<10 p>10
08<p, <12 0.748+0.029  0.815+0.039  0.835+£0.028
12<p,<1.6 0.77240.038  0.825+0.057 0.835+0.048
p,> 1.6 0.808 +£0.038 0.864 +0.049  0.838 £0.050
Average over p, 0.7611+0.022 0.82740.028  0.83610.023
Efficiency of the presampler requirement
4<p<b6 6<p<10 p>10
08<p <12 0.824+0.033 0.847+0.042 0.788+0.026
p,>12 0.8634+0.049 0.8464-0.031 0.865+0.050
Average over p, 0.838+0.027 0.846+0.026 0.828 +0.028
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6.2 Systematic errors on the efficiency

Three sources of possible systematic bias in the electron
identification efficiency are considered. A systematic er-
ror in the dE/dx efficiency for an electron could be
caused by the uncertainties in the expected (d £/dx> and
dE/dx resolution for electrons in hadronic events. This
error has been estimated by allowing the mean, the width,
and the normalization to vary in the fits to the Ny, 4.,
distribution described earlier and shown in Fig. 5. The
maximum change in efficiency is 1.1%. Assuming any
systematic effect is correlated from momentum bin to
momentum bin, a 1.1% systematic error is added to the
efficiency-corrected number of electrons, given below.
In determining the presampler efficiency, it has been
assumed that the E_ . /p distribution of the background
selected with the N7, < —2.5 antiselection matches
the shape of the E_,,./p distribution of the true back-
ground. This assumption could introduce a bias in the
determination of the efficiency for momenta greater than
10 GeV/c where the antiselected sample consists mainly
of charged kaons and protons, but the background to the
electron signal consists mainly of pions. Kaons and pro-
tons are expected to have softer E_ . /p distributions
than pions, and using these softer distributions could re-
sult in a systematic underestimate of the presampler ef-

Ecouz/ p

ficiency. An upper limit on the presampler efficiency for
electrons in hadronic events is the presampler efficiency
for electrons in single electron events. In the p > 10
GeV/c bin, the difference of the presampler efficiency
determined from the fit and the presampler efficiency
from the single electron events is 5% and has been taken
as the maximum possible effect of the above systematic
bias. Using this maximum difference, a systematic error
of 1.8% is added to the efficiency-corrected number of
electrons. For momenta below 10 GeV/c, the d E/d x res-
olution makes it possible to produce a background sam-
ple consisting mostly of kaons and protons and a back-
ground sample consisting mainly of pions. No systematic
difference between the efficiencies determined with these
two different background distributions is observed.

The correction to the combined E_, . /E ... and
E_.../p requirements due to the background in the
prompt muon sample is based on a Monte Carlo estimate
of the background. This estimate has a 25% uncertainty
for p > 4 GeV/c, which leads to a 1.0% error in the ef-
ficiency-corrected number of electrons.

The above systematic errors are all smaller than the
statistical errors on the efficiencies given in Table 2.



202

6.3 Corrected number of prompt electrons

The total number of prompt electrons produced with
p>4GeV/c, p,>0.8GeV/c, and |cosf| <0.7 after
correcting for the electron identification efficiency is

® N; =22584+71+90+59.

prompt

The first error is statistical, the second is due to the un-
certainty in the electron identification efficiency, and the
third is due to the uncertainty in the number of electrons
originating from photon conversions.

The 4.0% error on Nj,,, due to the uncertainty of
the electron identification efficiency is a sum in quadra-
ture of the three systematic errors with the 3.1% error

due to the statistical uncertainty on the efficiency.

7 Measurement of I,; /1.,

The number of prompt electrons, Ny ., is the sum of
three sources: (1) electrons from semileptonic decays of
b hadrons, (2) electrons from the decays of charmed had-
rons and from 7 leptons, both coming from b hadrons,
and (3) the semileptonic decays of charmed hadrons con-
taining charm quarks produced directly from the Z°. This

sum can be expressed as follows:

N¢ 2Ny 22 B(b—e)e (b—e)

prompt
E‘md

-B(b—=c—e)e(b—c—e)

+2-Nypg-—=—-Blb—=1oe)e (b—>1—e)

+2:Nyaa' 7 Ble—e)e (c—e), (3)

where N, is the number of produced hadronic events,
2+ Nyad  I5/Thaq is the number of b and & quarks pro-
duced, B(b—e¢) is the average branching fraction of the
types of b hadrons produced in Z° decay, and & (b—e)
is the acceptance for electrons from b hadron decays to

satisfy the kinematic and geometric requirements
p>4GeV/e, p,>08GeV/c, and |cos@| <0.7.
Nirompt has already been corrected for the efficiency of

the electron identification criteria. The other terms are
defined in an analogous way.

From this expression, we can determine the ratio of
partial widths, 75,5/} .4
@ — perompt B Nce , (4)
Iaa 2-Npyg-2(B-g)

where N¢ is the expected number of electrons from direct
charm production (the last term in the above expression
for N{ompt)» Nyaa =137 600 is the corrected number of

hadronic events, and 2 (B-¢) is the sum of the products
of branching fractions times kinematic acceptances:

Z(B-e)=B(b—e)-e(b—e)
+B(b—c—e)-e(b—>c—e)
+B(b—1t—e)-e(b—>1—e). (5

The kinematic requirements p>4GeV/c and
p, > 0.8 GeV/c suppress the secondary decays so that the
dominant term in X (B-g) (about 85%) is
B(b—e)-g(b—e).

To determine I, /1.4, the kinematic acceptances are
determined using a Monte Carlo simulation program, and
the branching fractions are obtained from experimental
measurements. Uncertainties in these branching fractions
are the dominant systematic error in previous measure-
ments of I,;/I;.4 [6-8]. For the values of B(b—e) and
B(b—c—e), we use the measurements [11] of
B(h—1v,X) and B(b—c—Iv,X) (with /=e or u) re-
ported by the CLEO collaboration for the mixture of
BY and B* mesons produced at the Y (4S) (only the
CLEO collaboration reports a measurement of both
B(h—v,X) and B(b—c—Iv,X)). The branching frac-
tion B (6—1v,X) may not be the same at l/z M, where
presumably B? and b baryons are produced, in addition
to BS and B, The sensitivity of our measurement to the
assumption that it is the same is discussed below. We take
into account expected differences in B(b—c¢—1/v,X) at
l[sz ~ and at the Y'(4S). Furthermore, although the
statistical precision on B (b—1v,X) is 2%, this branching
fraction varies by more than 10% depending on which
theoretical model of b hadron decay is used to extract
B(b— v, X) from the data. This same model dependence,
however, has the opposite effect on the acceptance,
& (b—e), and the branching fraction, B(b—c—1v,X), so
the sum of the products of the branching fractions times
kinematic acceptances, X (B-¢), exhibits reduced model
dependence as will be shown below.

7.1 Branching fractions of b hadrons

To determine B(b—/[v,X) and B(b—c—Iv,X), the
CLEO collaboration measures the momentum spectrum
of electrons and muons. At the Y (4S), the B mesons are
very nearly at rest, so the lepton momentum in the lab-
oratory is very close to the lepton momentum in the rest
frame of the B-meson from which it originated. The lep-
tons with momentum above 1.4 GeV/c come predomi-
nantly from b— /v, X. Determining the branching fraction
B(b—1v,X) requires a model for the semileptonic decay
spectrum of 5 hadrons to extrapolate to low momenta
where the presence of secondary decays b—c¢— /v, X and
experimental limitations in lepton identification preclude
a direct measurement. Different models predict different
extrapolations, which give different branching fractions.

The CLEO collaboration uses two models to extract
the branching fraction. One is the spectator model of b
hadron decay of Altarelli et al. [21] (ACM). The impor-
tant parameters of this model, the mass of the charm
quark and the Fermi momentum, are determined by fit-
ting the measured lepton momentum spectrum. The sec-
ond model is the form-factor model of Isgur et al. [22]
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Table 4. The branching fractions of B mesons measured [11] at the Y (4S) resonance by the CLEO collaboration. The three columns
correspond to the three theoretical spectra used to extract the branching fractions from the data. The branching fractions B(h—1v,X) are

the sum of B(b—c¢lv) and B(b—ulv)

b hadron decay model ISGW ACM ISGW**
B(b—1v,X) (%) 99+0.1+04 10.5+0.24+04 11.24+03+04
B(b—c—1v,X) (%) 11.34+0.7+0.6 9.7+0.8+0.6 9.0+0.840.6
B(b—ulv) (%) 0.06 +£0.08 +0.03 0.28+0.12+0.03 0.25+0.10+0.02

(ISGW). This model determines the lepton spectrum from
exclusive B meson three-body decays: B— Dlv, B—D*lv,
and B—D**]v; and it predicts the relative branching
fractions of these three decay modes: 27%, 62%, and
11%, respectively. The CLEO collaboration also consid-
ers a variation of this model (ISGW**), in which the
branching fraction of the B—D**[y decay is treated as
a free parameter determined by a fit to the lepton spec-
trum. The resulting relative branching fractions of
B—Dlv, B—»D*v, and B—D**/v are 21%, 47%, and
32%. The branching fractions obtained using these three
theoretical predictions of the lepton momentum spectrum
are listed in Table 4. The fits of the three models to the
data also determine the semileptonic branching fraction
of B mesons with a h—u transition, instead of a b—¢
transition. These B (b—ulv) branching fractions are also
listed in Table 4 and are in included in the calculation of
the kinematic acceptances.

We assume that the value of B(b—/v, X)) for the mix

of b hadrons produced at l/gzMZ is the same as the
branching fraction measured at the Y (4.S). Under the
reasonable assumption that the relative production rates
of B* and BY are equal at both the Y(4S) and at
[/;z M, a difference between the semileptonic branch-
ing fractions of BT and BY [23] does not produce a dif-
ference between the average semileptonic branching frac-
tions at the two energies. If, however, the semileptonic
branching fractions of B? and b baryons are different
from the average branching fractions of B* and B9, the

average semileptonic braching fraction at l/gz M, will
be different from the value at the Y (4S), where B? and
b baryons are not produced. The values of the semilep-
tonic branching fractions of B? and b baryons and the
relative b hadron production rates are experimentally un-
known; therefore, we have not attempted to include an
estimate of the systematic error due to our assumption.
Theoretical estimates [24] of the differences of semilep-
tonic branching fractions between different » hadrons
range from 10% to 30%. As an illustrative example, if
the relative abundances of B*, BY, B?, and A, produced
at ]ﬁz M, are 40%, 40%, 12%, and 8% respectively, as
given by the JETSET Monte Carlo, and the values of
B(B’—1v,X) and B(A,—1v,X) are 20% smaller than
the average semileptonic branching fraction of B* and
BY, then B(b—1v,X) would be 4.0% smaller at

]/;zMZ than at the Y(4S). The resulting effect on
I /1.4 1s discussed at the end of this section when
2 (B-¢) is calculated.

Although we assume that the value of B(b— 1V, X) is

the same at ]/gz M, and at the Y (4.5), the branching
fraction B(b—c—Iv,X) is expected to be different at
l/;‘zM _, due to the presence of B? and b baryons. We
apply a correction factor to the branching fractions
B(h—c—1v,X) given in Table 4 to take this difference
into account. The contribution of B(b—c—Iv,X) to
3 (B-¢) is relatively small, and I, ; as determined using
(4) is much less sensitive to differences in this branching
fraction at the two centre-of-mass energies than to dif-
ferences in B(b—{v,X). The correction factor is calcu-
lated using the following experimental results and as-
sumptions: the relative abundances of b hadrons at
lﬁzM , are as given above, the B? always decays to a
D, and b baryons always produce A ; the relative semi-
leptonic branching fractions of D*, D° D_, and A are
the same as the fractions of the well-measured lifetimes
[25] of these particles; and the abundances of these
charmed particles from B meson decay at the Y (4S) are
the values measured by the CLEO collaboration [26]. The
correction factor is 0.926. If the relative abundances of
b hadrons produced at ]/%M - are changed to extreme
values (equal amounts of B*, BY, and B?, and 15% of
the b hadrons produced are b baryons), this correction
factor is 0.847. The assumptions that the B always decays
to D, and b baryons always produce A, are conservative;
if these are not true, the value of the correction factor
increases towards unity. In order to accommodate this
value, the systematic error on the correction factor is
taken to be 100% of the change:

e correction factor for B(b—c— /v, X) is 0.926 + 0.074.
The branching fraction B(b—1—e) is taken to be
® B(b—>1—¢)=(0.044 +0.018)-B(b—e).

The scaling factor above is the product of B(b—7)/
B(b—¢)=0.25+0.10 [27] and B(z—e)=0.1774+0.004
[25].

7.2 Kinematic acceptances

The kinematic acceptances are derived from a Monte
Carlo simulation based on the JETSET program [18].
The simulation includes the effects of detector resolution
on the jet finding and on the p and p, measurements. In
this Monte Carlo, there are four types of b hadrons that
can decay semileptonically: B}, B*, B°, and A,; their
relative abundance is 40%, 40%, 12%, and 8%, respec-
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tively. The A, hadron is produced with no preferred spin
orientation. In the Monte Carlo simulation, the b quarks
are hadronized using the Peterson fragmentation function
[28] and have (x>, =0.72, where {x ), is the mean en-
ergy of the primary b hadrons divided by the beam en-
ergy. This value of (x>, is consistent with OPAL pub-
lished value (x>, =0.7261+0.007 +0.022 [8], which is
determined from a fit of the p and p, spectrum of muons
in hadronic events.

The value of the kinematic acceptance & (b—e) deter-
mined using the JETSET Monte Carlo is 0.278 4-0.003,
where the error is due to Monte Carlo statistics. This
acceptance includes a factor of 0.61 from the geometric
requirement |cos 8| < 0.7, the efficiency for an electron
to satisfy the requirements for a good track, and the
efficiency for the event to have at least six good charged
tracks.

In order to determine the dependence of the kinematic
acceptance on the assumed form of the electron momen-
tum spectrum we use the following procedure. For the
decays of B} and BT mesons, the JETSET prediction of
the momentum spectrum of the electron in the rest frame
of the parent meson is reweighted so it agrees with the
b—clv spectra predicted by the different theoretical
models of b hadron decay used by the CLEO collabo-
ration to extract the branching fractions. The resulting
corrections to the kinematic acceptance, ¢ (b—e), due to
reweighting to the three different theoretical spectra are
listed in Table 5. The same correction is applied for the
decays of B? and b baryons. Effects on the momentum
spectrum due to the possible polarization of b baryons
are neglected. The kinematic acceptance is reduced by an
additional 1.1% to account for the damping effect of
radiative corrections [29] not included in the JETSET
b hadron decays. The change due to this correction has
been assigned a 100% systematic error. The Monte Carlo
simulation does not include h—ulv. Based on a com-
parison of the rest frame spectra of b—>clv and b—ulv
predicted by the models, the kinematic acceptance for
b—ulv semileptonic decays is taken to be a factor 1.5
larger than the kinematic acceptance of b—c/v decays.
The kinematic acceptance is increased according to the
measured fraction of b—u/v decays for each model. The
resulting corrections for the three different theoretical
spectra are given in Table 5. The changes due to the p—u

Table 5. The kinematic acceptance calculated with the JETSET
Monte Carlo [ 18] for an electron from b hadron semileptonic decay
to satisfy p>4GeV/c, p,> 0.8 GeV/c, and |cos 8| < 0.7, when
the b hadrons are produced on the Z° resonance. The correction
factors to this acceptance depend on which model of 5 hadron decay
is used. The correction factors listed in the table arc multiplicative
and are explained in the text

& (b—e) from JETSET 0.278

b hadron decay model ISGW ACM ISGW**
correction from reweighting 0.993 0.970 0.938
electroweak correction 0.989 0.989 0.989

correction for h—u 1.003 1.013 1.011

corrected & (h—>e) 0.274 0.270 0.261

corrections have been assigned a 100% systematic error.
The final values of ¢ (b—>e), corresponding to the three
different theoretical spectra, after all corrections have
been applied are summarized in Table 5.

The kinematic acceptances &(b—c—e¢). and
g (b—t—e) are determined with the JETSET Monte
Carlo:

® £ (b—c—e)=0.0490+0.0016, and
® ¢(b—>1—e)=0.101+0.008.

The errors are due to Monte Carlo statistics. The model
dependent corrections that have been applied to ¢ (b—e¢)
have not been applied to ¢ (b—c—e) and & (b—>7—¢).
This omission is expected to produce a systematic error
of less than 1% in I',; /1,4

7.3 The charm contribution

The number of electrons from direct charm production,
Z%—>cé, is given by

I,
NE=2:Nywgw = -Ble=e)-e(c—e); (6)

<
had

where I, /T4 1s taken to be the Standard Model value
0.171 [30] and B (c¢—e¢) is taken to be equal to an average
of measurements of B(c—u)=0.07940.011 [25]. The
acceptance ¢ (c—>¢)=10.0504 40.0031 is determined by
Monte Carlo simulation; the error is due to the Monte
Carlo statistics. In the Monte Carlo simulation, the charm
quarks are hadronized using the Peterson fragmentation
function [28] and have {x,)_.=0.53, consistent with the
OPAL published value {x;>,=0.56 +0.02 £ 0.03[8]. Us-
ing these numbers yields

e N =187+42,

where the dominant contributions to the error are
the 14% uncertainty on B (c—e¢) and the 16% maximum
variation from the value of ¢(c—e) determined at
{xy>,.=0.53, when {(x,>_is varied from 0.48 to 0.59.

7.4 Calculating Tz /T

The values of X (B-¢) for the three different models are
given in Table 6. When the branching fractions and kin-
ematic acceptances specific to each model are used,
2 (B-¢) shows only a small variation with the model that
is considered. Using these values and the values of
Nrompt> NViaa» and N given above, we determine the val-
ues of I',; /T4 given in Table 6. The error on I,z /1.4
is the experimental statistical error on Ny ... The sys-
tematic errors are summarized in the next section. For
our final number of I, ;/I,4, We quote the value ob-
tained using the ACM model. The variation of this value
of I, ; /I;,.q4 With the values obtained with the two other
models is included as a systematic error.

Returning to our illustrative example, if B (h~>/v,X)

were 4.0% smaller at l/;zMZ than at the Y'(4S), the
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Table 6. The composition and values of X (B-¢) for the three different models of b hadron decay, and the corresponding values of

I; /T4 The error is the statistical error on N, ..

b hadron decay model ISGW ACM ISGW**
B(b—e)-e(b—e) 0.0271 0.0284 0.0292
B(b—c—e)-e(b—c—e) 0.0051 0.0044 0.0041
B(b—1—e) e(boTt—e) 0.0004 0.0005 0.0005
Z(B-¢) 0.0327 0.0332 0.0338

L5/ hna 0.230 +0.008 0.226 4+ 0.008 0.2234+0.008

value of X (B-¢) in the ACM model would decrease by
3.4% with a corresponding increase in I, ;/I;,4 as de-
termined using (4).

8 Systematic errors

The systematic errors due to the hadronic event selection,
the electron identification efficiency, the contamination
from photon conversions, the knowledge of the hadronic
background, the direct charm contribution, the uncer-
tainty in the radiative corrections in the decay, and
b hadron decay model dependence have already been dis-
cussed. These contributions to the total systematic error
are listed in Table 7. The 4.0% and 1.1% systematic errors
on N ompe» due to the uncertainties in the electron iden-
tification efficiency and hadronic background respec-
tively, result in 4.4% and 1.2% systematic errors on
I, ; /T4 after the number of electrons from direct charm
production has been subtracted. Further sources of sys-
tematic error are discussed below.

The sensitivity of I'; /.4 to the b quark fragmenta-
tion has been assessed by varying (x>, from 0.68 to
0.76. This variation changes ¢ (b—e¢), & (b—c—e¢), and
g (b—t—e¢) simultaneously. When {x ), is varied in this
range, the maximum variation in I, ; /T, from the above
central value is 3.0%.

Table 7. Summary of the systematic errors considered in the de-
termination of I',; /I, ,4. The individual systematic errors are added
in quadrature resulting in a total systematic error of 8.0% on the
measured value of I'; /1.4

Systematic error source % of measure-

ment
hadronic event selection 0.4%
electron identification efficiency 4.4%
photon conversion subtraction 2.8%
knowledge of hadronic background 1.2%
direct charm contribution 2.0%
radiative corrections in decay 1.0%
model variation of B decay 1.7%
fragmentation of b quarks 3.0%
CLEO errors on B(b—1v,X) and 3.9%

B(b—c—iv,X)

Monte Carlo statistics in & 1.1%
correction to & (b->e) from b—u 1.1%
correction to B(b—c—/v, X) 1.0%
uncertainty in B(b—>1—e) 0.6%
Total systematic uncertainty 8.0%

The systematic error due to the experimental errors
on the measurements of B(b—{v,X)and B(b—c—1v,X)
(the errors given in Table 4) is 3.9%. In calculating this
error on I,; /1.4, We have assumed that the errors on
B(h—1Iv,X) are uncorrelated with the errors on
B(b—c—1v,X).

The systematic error in ¢ (b—e), £ (b—c—e), and
e (b—1—e¢) due to Monte Carlo statistics is 1.1%. The
systematic error due to the uncertainty in the correction
to ¢ (b—e) that accounts for b—u decays is 1.1%. The
systematic error due to the uncertainty in the correction
to B(b—c—1v,X) that accounts for the presence of By
and A, is 1.0%. The systematic error due to the uncer-
tainty in B(b—1—e¢) is 0.6%.

The final value for I; /1,4 18

Tys/ Thaa = 0.226 4 0.008 +0.018 ,

where the first error is statistical and the second is sys-
tematic.

As an additional check on the result, the minimum
momentum of electron candidates was reduced to
2 GeV/c. The number of electron candidates found with
2 < p<4GeV/cis 356. The estimated background from
photon conversions is 114+ 29, and the measured had-
ronic background is 4 + 1. The resulting additional signal
is 238 + 17 4+ 29, where the first error is statistical and the
second error is due to the uncertainty in the background
from photon conversions. The identification efficiency in
this momentum bin is 0.46340.028. The value of
I,;/T;,, obtained if these additional electrons are in-
cluded is 0.230+0.007 4 0.019. This value is in good
agreement with the value obtained for p > 4 GeV/c; the
difference between the two results is within the expected
fluctuation due to the additional statistics. Reducing the
momentum cut slightly reduces the correction of the
JETSET kinematic acceptance, ¢ (b—¢), and reduces the
uncertainties due to the ¢ quark and b quark fragmen-
tation. On the other hand, the increased background from
photon conversions substantially increases the systematic
error due to this source.

The number of prompt electrons can also be used to
determine the product

I, -
be‘ -B(b—e~v,X)=10.0238 +0.0008 + 0.0020,
had

where the first error is statistical and the second is sys-
tematic. The product has been determined using the ACM
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model; the uncertainty due to modelling contributes
0.0011 to the systematic error. The modelling uncertainty
contributes a systematic error of 4.7% on the product
compared to a systematic error of 1.7% on I,z /1;.4.

9 Discussion and conclusion

Using the value of I;,,= 1739 £+ 17 MeV measured by the
OPAL collaboration [1], the value of I ; is

I,;=394413432MeV,

where the first error is statistical and the second is sys-
tematic. We have assumed that the average semileptonic
branching fraction of B mesons produced at the Y (4.S)
is the same as the average semileptonic branching fraction
of b hadrons produced at %zM .. This measured value
agrees within errors with the value predicted by the Stan-
dard Model of 378 MeV [30]. Because this measurement
depends on the region of the lepton momentum spectrum
that is dominated by b—/v, X at the Y (4.5), only a small
error is introduced due to the uncertainties in the model
of B meson decay. The largest experimental component
of the systematic error is the uncertainty in the electron
identification efficiency. This uncertainty is dominated
by the statistical precision with which the efficiency has
been measured.

An alternative to assuming that the effective semilep-
tonic branching fraction of b hadrons at ]/;zM  1s the
same as the semileptonic branching fraction of B mesons
at the Y'(4S) is to use the average value of B (b—1v,X)
from measurements at PEP and PETRA. While the com-
position of b hadrons produced at these colliders is ex-
pected to be similar to the composition at ]/z M, these
measurements are difficult to interpret. This is because
the sensitivity of these measurements to which model of
b hadron decay used to extract B (b—/v,X) has not been
reported. The uncertainty should be at least as large as
the uncertainty found by the CLEO collaboration. The
L3 collaboration has measured [7] B (b— [v, X) using the
ratio of the number of hadronic events with two identified
leptons to the number of leptons in hadronic events. The
statistical precision of this measurement is 9%.

Our assumption that all b hadrons have similar semi-
leptonic branching fractions may soon be tested by meas-
urements of the lifetimes of B? and A,, which are ex-
pected to be proportional to their semileptonic branching
fraction. If, as expected, B? and b baryons are about 20%

of the mixture of b hadrons produced at ]/;z M ., lifetime
measurements with a precision of 5% would contribute
an error of about 1% to I} ;.

In conclusion, by measuring the production rate of
electrons with large momentum and large momentum
transverse to the nearest jet, we have determined I ; using
a procedure that reduces the dependence of the result on
the model of semileptonic & hadron decay considered.
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