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We have studied the production of B mesons in e+e annihilations and present new mea-

surements of the semileptonic branching fractions for B-meson decay. We find
B(B~evX)=0.127+0.017+0.013 and B(B~pvX)=0.122+0.017%0.031, where the er-

rors are statistical and systematic, respectively. The observed lepton momentum spectra
from B decays are presented. From these spectra we find the mean hadronic mass (M~)
recoiling against the detected lepton to be M~ ——2.2+0.2 GeV/c . We have also observed an
enhancement in the lepton yield from the continuum above BB threshold. This enhance-

ment is interpreted as continuum B production and is consistent with what is expected from
the naive quark model.

I. INTRODUCTION

The discovery of the Y( 1S) and Y(2S) and the
evidence for the Y(3S) at Fermilab in p-Be col-

lisions' made likely the existence of a new family of
qq bound states. Since then, these three states as
well as one other, the Y(4S), have been observed in
e+e annihilations. The first three resonances are
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all narrow and have been interpreted as bound states
of a new-Aavored quark and antiquark, bb. The
fourth member of this family, the Y(4S) at 10.55
GeV, is much broader than the three lighter states,
suggesting that it is above threshold for the produc-
tion of b-flavored mesons and hence decays rapidly
into a B and a B meson. The B meson, consisting of
the new b quark bound to a light u or d antiquark,
carries the new Aavor and therefore must decay
through the weak interaction. The observation of
enhanced inclusive lepton production in Y(4S) de-
cays has been taken as evidence for the weak decay
of the B meson. '"

In this paper we present new results on the decays
of B mesons into states with a single lepton. The
data reported here were obtained with the CLEO
detector at the Cornell Electron Storage Ring
(CESR). The data sample contained 28000 hadron-
ic events and had an integrated luminosity of 10600
nb-'.

II. THEORETICAL CONSIDERATIONS

The success of the Glashow-Iliopoulos-Maiani
mechanism in explaining the interactions of the u, d,
s, and c quarks guides us in our expectations for the
b quark. The natural setting to discuss b decay is
the standard model with quark mixing. The stand-
ard model of weak interactions uses the SU(2) && U(1)
gauge group of Weinberg and Salam coupled with
three left-handed doublets of quarks. The quarks
are allowed to mix via the prescription of Kobayashi
and Maskawa. In this picture (Fig. 1) the b mix-
es with the d and s quark, has charge ——,, and is
grouped with the yet to be discovered t quark. The
absence of flavor-changing neutral currents in this
model forbids decays of the b quark into d or s
quarks. Since the b decays via a charged 8' and the
8' couples to leptons, a prediction of the standard

model is that B mesons should decay to final states
with e's, JM's, and ~'s. The spectator model provides
a simple picture for calculating the branching frac-
tions of 8 mesons. In this picture (Fig. 2) the light
quark does not play a role in the dynamics of the de-

cay. Two predictions of this model are as follows:
(1) The semileptonic branching fraction 8~ IvX
with l =e or p should be between 15% and 17% per
lepton and (2) on the average there will be approxi-
mately one extra kaon in the final state if b +c-
dominates over b —+u. The lower limit on the
branching fraction is for the case of b ~ u only
while the upper limit corresponds to a11 b —+ c. Tak-
ing into account nonspectator effects and hadronic
enhancement, Leveille predicts that the semilepton-
ic branching fraction will be 11—13 %.

III. DETECTOR

Figures 3(a) and 3(b) show a front and side view
of the CLEO detector. This detector consists of a
1-m-radius solenoidal magnet operating at 4.2 kG.
Inside the magnetic field charged particles are
detected by cylindrical proportional chambers
around the beam pipe and a large cylindrical drift
chamber. The rms momentum resolution for parti-
cles with momentum greater than 1 GeV/c is ap-
proximately 5p =0.04p (Ref. 8). Outside the field
the detector consists of eight nearly identical octants
which provide particle identification. The corn-
ponents of each, moving radially outward from the
coil, are a three-layer drift chamber, either a
Cerenkov counter or specific ionization (dE/dx)
chamber, an array of 12 scintillation counters for
time-of-flight measurements, and an electro-
magnetic-shower detector consisting of 44 layers of
proportional tube counters interleaved with 1.27-
mm-thick lead sheets. An iron absorber ( —,—1 m in
thickness) encloses the detector. A large system of
planar drift chambers covering this absorber pro-
vides muon identification. Details of the CLEO
detector may be found elsewhere.
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FIG. 1. Kobayashi-Maskawa model with three left-
handed quark doublets. The bare quarks mix according
to a matrix which is a function of three angles and a
phase parameter. For B-meson decay the relevant matrix
elements are V„~ and V,q, the coupling of the b quark to
the u and c quarks, respectively.

C(u)

FIG. 2. b-quark decay in the spectator model. The
numbers are phase space times color factors for b —+c.
The numbers in parentheses are for b —+ u.
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FIG. 3. The CLEO detector: {a) beam's-eye view, and {b) side view.
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IV. EVENT SELECTION AND DATA ANALYSIS

A total integrated luminosity of 10600 nb ' was
collected, of which 5490 nb ' were on the Y(4S)
peak, 3090 nb ' were below the peak, 1665 nb
were above the peak, and 35S nb ' were on the
wings of the Y(4S).'

Event triggers were examined for hadronic events

according to the following rules:
(1) Each event must have at least five well-

reconstructed charged tracks in the drift chamber.
(2) There must be a common event vertex lying

within 8 cm of the nominal interaction point along
the beam line and within +2 cm transverse to the
beam.

(3) At least 250 MeV of electromagnetic energy
must be detected in the shower detectors.

(4) At least 30% of the available energy must be
visible as charged tracks in the drift chamber.

The electromagnetic energy cut was chosen to
suppress beam-pipe interactions; the charged-energy
cut removes two-photon events; and the multiplicity
cut eliminates ~+~ events from the data set.
These cuts do not significantly degrade the hadronic
trigger efficiency. After applying these cuts 19500
hadronic events were found on the Y(4S) peak and
8911 events off the peak. These events were

analyzed in order to find high-momentum electron
and muon candidates.

The search for electrons was limited to tracks
with momenta greater than 1 GeV/c in order to
enhance the signal from 8-meson decay to back-
ground processes such as ~ and D decay. For the
muons there is no fixed momentum cut. The iron
absorber imposes a variable momentum cut which
depends on the track direction and varies from 1.1
to 2.0 GeV/c.

A track in a hadronic event with momentum
above 1 GeV/c was an electron candidate if it satis-
fied the following criteria:

(1) The track must have had a signal in the
electromagnetic-shower detector characteristic of an
electron shower: an energy larger than one-half the
momentum as measured by the drift chamber, at
least 10% of its energy deposited in the first three
layers (0.8 radiation lengths) of the shower detector,
and an overall average of greater than 1.5 hits per
layer.

(2) It must have had either a Cerenkov signal or a
dE/dx signal with a pulse height consistent with
that expected for an electron.

(3) In selecting electron candidates for the 8-
meson branching fraction determination, the track
was required to project into a fiducial region of the
outer detector where the electron detection had uni-
form sensitivity.

The electron candidates so selected were then

visually scanned by physicists to eliminate four
classes of background: Bhabha scattering events
with a low-momentum 5 ray curling up in the drift
chamber and thus accounting for several drift-
chamber tracks, photons which converted in the
beam pipe, photon showers near minimum ionizing
tracks, and confusion resulting from many overlap-

ping tracks and a photon in a single octant. The
scanning procedure resulted in the elimination of
35% of the electron candidates.

The efficiencies of the electron identification cuts
have been studied with a sample of -1000 electrons
in the momentum range 1 to 3 GeV/c derived
from radiative Bhabha scattering events, i.e.,
e+e —+ e+e y. The shower-detector cuts
described above find (90+1)% of all electrons. The
average Cerenkov-counter efficiency was measured
to be (92+2)%%uo. The dE/dx electron identification
procedure is based on the following considerations.
A 450-MeV/c pion's signal is 330 and that of a 3-
GeV/c pion is 385. A nonshowering electron will

produce a pulse height of 500 units with an rms
spread of 30. However, showering in the solenoid
coil often causes much larger signals than those stat-
ed above. Figures 4(a) and 4(b) show the observed
pulse-height spectra from nonshowering particles
and electrons. A minimum pulse height cut of 435
was applied to define an electron candidate. The
average efficiency of the dE/dx selection was
(80+4)%.

The hadronic background to the electron sample
has been estimated by studying pions from recon-
structed K 's. Pions fake electrons by undergoing
charge-exchange scattering in the coil (8 cm of
aluminum) with subsequent photon conversion in
one of the electron detectors, or by the overlap be-
tween a photon and a charged track. The probabili-

ty of a pion faking an electron in the shower detec-
tor was found to be (9.6+2.5)%. The Cerenkov
counter proved very effective in rejecting pions as
the threshold for pion detection was 3.0 GeV/c.
Pions of momenta above 450 MeV/c can produce
5-ray electrons which register in the Cerenkov
counters, but the cross section for this process is
small. The Cerenkov counters have an additional
source of background due to particles passing
through the phototubes (3% of the sensitive area).
The probability of a 1-to-3 GeV/c pion producing
a signal in the Cerenkov counters was measured to
be less than 8%. The dE/dx chambers have suffi-
cient segmentation to help in the recognition of pion
tracks that produce large signals due to interactions
in the coil. The pion contamination in this system
was measured to be (16+5)%.

Charged inner-drift-chamber tracks were con-
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FIG. 4. The observed dE/dx pulse-height distribution
for tracks with 1.0 &p & 3.0 GeV/c. Figure 4(a) contains
tracks which do not shower in the proportional tube
shower detector. Only Y(3Sj events with R2&0.3 are
used here. Figure 4(b) contains electrons and positrons
from radiative Bhabha-scattering events.

luminated in these events for good efficiency mea-
surements. The average chamber efficiency was
94%. The primary source of inefficiency in muon
identification was the process of finding the drift-
chamber track and projecting it out to the muon
chambers, typically 3—4 m from the interaction
point. Figure 5 shows the distribution of the square
of the distance between a track projection and an as-
sociated muon chamber cross for p-pair events.
Those observed with large deviations were generally
poorly fitted in the polar angle. The matching cut
of 0.32 m was chosen to be considerably larger than
the expected contribution of multiple scattering (0.1

m for a 2-GeV/c track) and track-fitting errors,
while still providing good background rejection. On
a sample of 671 muon tracks from p-pair events
which had crosses in the muon chambers, the
matching efficiency was measured to be 82%%uo.

The muon candidate sample included back-
grounds from random matches between hadronic
tracks and unrelated crosses (noise) in the muon
chambers, pion and kaon decay in flight, and had-
ronic punch through. The random background has
been estimated from the data by looking for matches
between the tracks of a given event and muon-
chamber hits of a previous event. This background
varied with time and was measured to be less than
3% of the number of detected muons. The other
sources of misidentification cause significant back-
grounds in the muon sample. These have been cal-
culated by a procedure described in the next section.

sidered muon candidates if they projected in the
direction of a muon chamber, had sufficient
momentum to penetrate all absorber material along
their extrapolated paths, and were matched to two
orthogonal muon chambers wires (cross). In this
procedure each track was transported through a
model of the CLEO detector allowing for ionization
losses and multiple scattering in the material. The
minimum momentum for penetration ranged from
1.1 to 2.0 GeV/c with a mean of 1.6 GeV/c. All
events with tracks which satisfied these criteria were
visually scanned to eliminate cosmic-ray events.
Scanning eliminated approximately 2%%uo of the can-
didate events.

The efficiency of the muon selection procedure
was studied with cosmic rays and p pairs collected
during normal data taking. Approximately 90% of
the 275 muon chambers were sufficiently well il-

Observed Ar for Moiched

p. p0 irs

O

~ lOO—

Curve is Cl EO Monte Corto

Prediction

0
O. l

FIG. 5. The observed Ar distribution for matched p
pairs. The curve is the Monte Carlo prediction for the
same distribution.
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V. INCLUSIVE LEPTONS FROM Y(4S) DECAYS

A total of 522 electrons and 532 muons were
found in our sample of hadronic events in the ener-

gy range 10.368 to 10.608 GeV. The visible electron
and muon cross sections are shown as a function of
energy in Fig. 6 and 7, respectively. For comparison
Fig. 8 shows the hadronic cross section in the same
energy range. A 35%%uo enhancement is observed in
the hadronic cross section at the Y(4S), while the
lepton cross sections are enhanced by a factor of 2.5.
This indicates a large branching fraction into lep-
tons at the Y(4S) relative to the continuum. We in-

terpret these leptons as the products of semileptonic
decays of B mesons produced in Y(4S) decays. Fig-
ures 9 and 10 show the observed momentum spectra
for all detected electrons and muons from B decay.
These spectra have been obtained by subtracting the
spectra for leptons detected in the continuum below
the Y(4S) from the spectra for those found on the
peak.

Assuming the enhancement in lepton production
results from B-meson decay, we can calculate the
semileptonic branching ratio of the B from

B(B~1vX) =oi(BB)/2eioi, (BB) .

In this formula ot(BB) and os(BB) are, respective-
ly, the enhancement in the inclusive lepton and had-
ronic event cross sections at the Y(4S), and ei is the
detection efficiency for leptons from B decay. It is
assumed that the Y(4S) decays 100% into BBwhere
B is averaged over both the charged and neutral
modes, and can be a decay product of a B*.

Table I shows the observed yields of electrons and
muons in the Y(4S) region together with other
quantities needed to make background corrections to
the lepton signals. The data used in this measure-
ment are independent of the sample used for our
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FIG. 7. Inclusive muon cross section as a function of
center-of-mass energy.

previous measurements of the B semileptonic
branching fractions.

The lepton-detection efficiency can be written as
the product of four efficiencies and acceptances:

~l ~geo~p ~det~anal

Each factor will be discussed separately for the
electron and muon analyses.

The geometrical acceptances eg„are 0.47 of 4m

for electrons and 0.78 of 4' for muons. The detect-
able fraction of leptons from B decay, ep, is defined
as the fraction of electrons with measured momenta
above 1 GeV/c, and the fraction of muons which
penetrate the absorber. These momentum accep-
tances must be calculated on the basis of some
theoretical model. We are guided in the selection of
our model by the observed lepton spectra. We have
used a phenomenological model of a hadronic sys-
tem of a fixed mass recoiling against the lepton and
neutrino, B~hX. The mass Mx has been chosen
to optimize the fit to the data.

In Fig. 9 we show along with the observed elec-
tron spectrum dashed curves which represent the
predictions of Monte Carlo calculations for B~evX
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FIG. 6. Inclusive electron cross section as a function of
center-of-mass energy.

FIG. 8. Inclusive hadron cross section as a function of
center-of-mass energy.
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via a V—A current. The mass of the 8 meson was
taken to be 5.25 GeV/c . The simulation included
radiation in the detector material and the spatial
resolution of the drift chamber. Electron tracks in
these simulated events were found with our standard

TABLE I. Summar of the numb ry bers used to compute the electron and muon branching fractions of the B meson

On resonance Off resonance BB decays

Energy (GeV)
Luminosity (nb ')
Number of hadronic events
Number of observed electrons
Number of electron-

candidate tracks
Number of observed muons
Estimated random muons
Number of muon-

candidate tracks
0, (pb)

0,(electrons) (nb)

oq (pb)
0.,(muons) (nb)

og (nb)

10.538—10.558
4600
16 188
379

11972

351
8

15 697

82.4 +4.2
2.52 +0.03

74.6 +4. 1

3.41 +0.03
3.52 +0.03

10.398—10.528
2364
6074
77

4769

71
3

6525

32.6 +3.7
1.98 +0.03

28.8 k3.6
2.76 +0.03
2.57 +0.03

4600
4539 +196

231 %26
2825 +1.72

213 +24

3183 +199

50.2 +5.6
0.56 +0.04

46.3 +5.2
0.69 +0.04
0.987+0.043
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analysis program. Shown are the curves for
Mz ——2.0 and Mz ——2.5 GeV/c . These bracket the
best choice for the recoil mass. " The fraction of the
generated momentum spectrum greater than 1

GeV/c for the two cases is 0.83 and 0.71, respective-
ly. The effect of radiation and momentum smearing
in track reconstruction is to reduce the number of
observed electrons with momentum greater than 1

GeV/c relative to the number of generated electrons
in that range by a factor of 0.87. This factor is rela-
tively insensitive to the decay model. The solid
curve is the result of a Monte Carlo calculation for a
similar process where the X particle has been re-
placed by a D meson plus one or two pions. The
mean mass of the D-plus-pion system in this case
was 2.2 GeV. Included in this calculation are the
electrons from D's that result from both hadronic
and semileptonic B decay. A model of this type has
also been shown to be consistent with measurements
for the mean multiplicity of semileptonic B decays. '

For this model, 77% of the generated electrons from
B decay have momenta above 1 GeV/c, while after
track fitting 67% of the observed electrons have
measured momenta above this value. Thus we have
determined ez

——0.67+0.05 where the error reflects
the uncertainty that arises from the range of accept-
able fits one can make to the measured spectrum by
varying the mean recoil mass from 2.0 to 2.5
GeV/c .

In calculating ez for muon detection we have fol-
lowed the same procedure but faced the added corn-
plication that instead of a sharp momentum cutoff
at 1 GeV/c, we have a cutoff which varies with
direction. In Fig. 10 we have plotted the predicted
shape of the observed momentum spectrum for
B~pvX with Mx ——1.8, 2.2, and 2.6 GeV/c . The
B mass has again been taken as 5.25 GeV/c . The
smearing effect of the drift-chamber track-fitting
program has been included in this simulation. The
result of fits to various Mx values is that the data
favor Mx ——2.2 Gev/c (X of 9 for 9 degrees of
freedom). We take ME ——2.2+0.2 Gev/c . This
range of values leads to ez

——0.33+0.08.
The detection efficiency ez„ for electrons is given

by

Edet esh(~c+ ~dE/dx ) /2

The efficiency of the electromagnetic-shower detec-
tor for identifying electrons, e,~, has been measured
to be 0.90+0.01. The average efficiency of the
Cerenkov counters and dE/dx chambers for identi-
fying electrons was 0.86+0.05. Both of these deter-
minations were made with radiative Bhabha events.
Combining the two factors, we find e~„
=0.77+0.05.

For the muon analysis, ez„ is the efficiency of the

muon chambers. As has been described, individual-
charnber efficiencies were measured routinely with
cosmic rays and p pairs. An overall muon-detector
cross-detection efficiency has been computed by
combining the individual chamber efficiencies with
weightings determined by the fraction each chamber
represents of the total detector acceptance. The
overall efficiency was 0.87+0.05. The uncertainty
primarily results from the poor illumination of
about 10% of the muon chambers by cosmic rays
and p pairs.

The analysis efficiency for electrons, e,„,~, in-
cludes the efficiency for finding a drift-chamber
track and associating it with a matching shower
detector and Cerenkov or dE/dx signals, and the ef-
ficiency of the scanning procedure. Using Bhabha
events selected by energy deposited in the shower
detector, we found that in 96.5% of the cases stud-
ied track reconstruction was adequate to rnatch at
least one of the outer detectors. This measurement
applies to events with two charged tracks (no more
than one per octant). In events of high multiplicity,
such as BB events, the matching procedure is more
complicated. We have measured the effect of event

complexity by studying composite events made by
superimposing the raw data hits of electron tracks
from radiative Bhabha events on hadronic events.
We found our electron-detection efficiency on the
embedded event sample was degraded by a factor
E'

p]
——0.79 relative to that for low-multiplicity

events. The scanning efficiency was also determined
with the embedded radiative Bhabha events. The
composite events were intermixed with, and scanned
at the same time as the Y(4S) electrons. The scan-
ning efficiency was found to be 0.92+0.05. Com-
parison of the scanning results of two independent
groups of physicists indicated a scanning efficiency
of 0.89+0.02, in good agreement. The combined
analysis efficiency is e,„,~ ——0.70+0.04.

The muon-analysis efficiency measures the ability
of the track-fitting program to find and reconstruct
a drift-chamber track well enough to match success-
fully an associated muon-chamber cross. For p
pairs this matching efficiency was measured to be
0.82. As in the case of the electrons, this matching
procedure is sensitive to event complexity. We stud-
ied this effect with composite events created by
embedding p-pair hits in hadronic events. In these
events our matching efficiency was reduced by a
factor of 0.9 compared with the unembedded p
pairs. We therefore estimated the analysis efficiency
for BBevents to be e,„,~ ——0.74+0.05.

We can now combine all constituent efficiencies
to obtain the overall lepton-detection efficiencies:

e~ ——0.171+0.017 for electrons
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and

e~
——0.167+0.042 for muons .

The yields of leptons measured directly for BB in-
clude backgrounds which must be estimated and
subtracted. The random contamination in the muon
signal is subtracted directly from resonance and con-
tinuum yields. The enhancements in lepton produc-
tion from semileptonic B decay can be expressed as

oi(BB)=oi "(BB) aa, (—BB) P—os(BB) .

The subscripts l, t, and h refer, respectively, to the
leptonic cross section, lepton-candidate-track cross
section, and the hadronic cross section. These quan-
tities are given in Table I. All cross sections are for
BB production and are computed by subtracting the
cross sections for the continuum below the Y(4S),
extrapolated by 1/s to the Y(4S), from the cross
section at the resonance.

The first term ao, (BB) corrects for the misidenti-
fication as leptons of particles from B decay. For
the electrons, these are primarily hadronic tracks,
but also include photon conversions in the beam
pipe. In studying pions from Kq decays, it was
found that 3 tracks in 352 were misidentified
as electrons yielding a contribution to n of
0.0085+0.005. To estimate the contamination from
photon conversions, we assume that the production
cross section for m 's of momentum greater than 1

GeV/c in the electron fiducial region is one-half that
for charged tracks. Only 40% of these contribute,
since we only consider electrons of momenta greater
than 1 GeV/c. Each m provides two photons, and
a photon has a 5% chance of converting in the beam
pipe. We assume that we would recognize an elec-
tron as coming from a photon conversion if the
momentum of the other ~ember of the pair were
greater than 25 MeV/c, so that we would miss ap-
proximately 0.025 of the spectrum. The number of
electrons which we would not recognize as coming
from conversions is then 0.0005o., The coefficient
a is the sum of these two terms, a =0.009+0.005.

We have checked this analysis by searching Y(3S)
data for high-momentum electrons. If one assumes
that the narrow Y resonances do not decay into final
states that pass our hadronic event cuts and include
high-momentum electrons, one can use events from
these resonances as an electron-free sample to deter-
mine the fake probability. In order to reduce the
continuum contribution we required, in addition to
our usual hadronic-event-defining criteria, that the
event have a value of H2/HD less than 0.3.' Of
2242 tracks, 22 were called electrons. We calculate
that 616 of the tracks and 8.5 of the electrons came
from the continuum under the Y(3S), and arrive at

a value a =0.0083+0.0015, in excellent agreement
with the value calculated from the Ez pions.

We have estimated the background in the muon
signal from hadrons penetrating the iron (punch
through) and from decay in flight by studying had-
ronic tracks in Y(1S) events. It was assumed that
these data contained no real high-momentum
muons. The momentum distribution of hadrons
from the 1S is similar to that from the 4S. Our
Y(1S) sample had 6077 candidate tracks and 39
detected muons with an estimated random con-
tamination of 2. On this basis we calculate
a =0.0061+0.0011.

The term Pos is a correction for the number of
leptons in the detected sample which come from the
decay of D's or r's produced in B decay. The contri-
butions of the D's and r's to P are given by the prod-
uct of the number produced per BB event, the lep-
tonic branching ratio, and the appropriate efficien-
cies. We assume one D (or D*) per B decay. The
branching fraction of B into ~ has been calculated to
be 0.3 times the B semileptonic branching frac-
tions. ' With the assumption that we have 50% D's
and 50% D~'s, we obtain an effective semileptonic
branching fraction for B~D, D~ e of 9%.' '
The branching ratio of ~~e was taken as 17%.'
Spectator-model calculations of B decay predict that
8% of the electrons from D's and r's are above 1

GeV/c. The efficiency for detecting these electrons
is the same as that for primary B-decay electrons
except for the momentum acceptance, e
=0.171X(0.08/0. 67)=0.02. From this we obtain

P =0.0032.
Making the same assumptions for the muons, and

calculating the momentum acceptance for p's from
D's to be 0.0086 and that for p's from ~'s to be
0.058, we find /3=0. 0011.

With these corrections, we calculate the cross sec-
tions for leptons from semileptonic B decay:

o, =o,""(BB)=ao, (BB) Pop(BB.)—
=42.0+5.7 pb

o„=o„""(BB) acr, (BB) Pos(—BB)—
=41.0+5.4 pb .

The corresponding semileptonic branching ratios are

B (B +evX) =0.127+0.0—17+0.013

and

B(B~pvX) =0.124+0.017+0.031 .

The indicated errors are statistical and systematic,
respectively. The above systematic errors are highly
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correlated and are primarily due to the uncertainty
in the Monte Carlo calculations for the lepton
momentum spectrum (ez). The electron and muon
branching ratios are in good agreement with each
other and also agree well with our previously pub-
lished measurements. The equality of the electron
and muon branching ratios is expected if p-e univer-
sality holds in the b sector.

VI. INCLUSIVE LEPTONS
ABOVE THE Y(4S)

A scan has been made in the energy region above
the Y(4S) to search for structures of significance
comparable to the Y(4S). In the energy range
10.6—11.4 GeV, 1441 nb ' of data were collected
with a total of 3486 hadronic events. No such struc-
tures were evident. After making the same cuts as
previously discussed for the electron and muon anal-
yses we find 66 electron candidates and 63 apparent
muons. A summary of this data appears in Table II,
and is plotted in Figs. 6 and 7.

After correcting for contamination in the electron
and muon samples we measure the following cross
sections:

and

o,(W) 11.0 GeV)=31.0+5.8 pb

o&(W& 10.54 GeV)=10.8+3.2 pb .

The step in the total cross section in units of 0.
&&,

the p-pair cross section, AR, can be inferred from
the step in the lepton cross section, hcrI, by

hR=
2eB(B~ IvX) ape

o&(W& 11.0 GeV) =20.7+6. 1 pb .

The corresponding corrected cross sections below
the Y(4S), scaled to the above-Y(4S) energy by
(Eb,i,„/E,b,„,), are

o, ( W& 10.54 GeV) =14.5+3.4 pb

and

We find ER=0.53+0.22 from the electron yield
and AR =0.33+0.23 from the muon yield. A direct
determination of the step in the hadronic cross sec-
tion measured by CLEO (Ref. 17) has given
AR =0.20+0.08, and a similar measurement by the
CUSS experiment' has yielded hR =0.31+0.06.
Simple quark-model considerations lead one to ex-
pect a step of —, unit of R for continuum B produc-
tion above 88 threshold.

VII. CONCLUSIONS

We have observed large enhancements in the cross
sections for electron and muon production at the
Y(4S) demonstrating the production and decay of
b-flavored hadrons. We have used the spectra of
electrons and muons from semileptonic 8 decay to
determine that the mean effective mass of the had-
ronic system recoiling against the lepton and neutri-
no is 2.2+0.2 GeV/c . The observed yields of lep-
tons have been used to calculate the semileptonic
branching fractions:

B(B~ evX) =0.127+0.017+0.013

B(B~pvX) =0.124+0.017+0.031 .

These measurements agree well with each other and
with our previously reported results. They are lower
than what is predicted from a simple spectator
model (0.17) but in good agreement with calcula-
tions of Leveille that include nonspectator effects
(0.11—0.13).

We have measured the electron- and muon-
production cross sections in the region above the
Y(4S) and find them to be consistent with expecta-
tions for continuum bb production. The increase in
R above the Y(4S) has been measured to be
0.53+0.22 from the electron yield and 0.33+0.23
from the muon yield.

Energy (GeV)
Luminosity (nb ')

Number of hadronic events
Number of observed electrons
o, (pb)
Number of observed muons
Estimated random events

aq (pb)

10.6—11.4
1404
3484
66

47.1+5.8
63
10

37.726. 1

TABLE II. Summary of electron and muon results in
region above the Y(4S).
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