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Introduction

In the Standard Model [1], the dominant decay of hadrons containing a b-quark
proceeds through a flavour-changing transition from the b-quark to a c- or u-quark,
with a strength described by the elements Vg, and V,y of the CKM matrix [2]. Thus,
a measurement of the lifetime of B-hadrons constrains these matrix elements, which
are fundamental parameters of the Standard Model. The B-hadron lifetime has
been measured by experiments at PEP and PETRA [3] and, more recently, at LEP
[4]. The lifetime can be measured with higher precision at LEP than in the ete™
continuum because of the larger production rate of b-quarks at the Z9 resonance
and the lower background from the lighter quarks, especially the charm quark.

We determine the lifetime of B-hadrons from a maximum likelihood fit to the
impact parameter distribution of the inclusive leptons from semileptonic b decays.
As in our earlier publications [5-7], leptons with large momentum and large trans-
verse momentum with respect to the nearest jet are used to tag semileptonic b
decays. Since the B-hadrons are not fully reconstructed in this analysis, we mea-
sure the average lifetime of B-hadrons, weighted by their production rates n the Z°
decay and by their semileptonic branching ratios. Measurements at lower center-
of-mass energies [8] indicate that the lifetime difference between the B and B*-
mesons is small. This is in agreement with the prediction of the spectator model
[9].

Inclusive muon and electron events are selected from a sample of about 115,000
ete™ — hadrons events, recorded in 1990 with the L3 detector at Vs = Mz. The
data sample corresponds to an integrated luminosity of 5.5 pb~1.

The L3 detector

The detector consists of a central tracking chamber, a high resolution electro-
magnetic calorimeter composed of BGO crystals, a ring of scintillation counters,
a uranium and brass hadron calorimeter with proportional wire chamber readout,
and a precise muon spectrometer. These detectors are installed in a 12 m diame-
ter solenoid which provides a uniform field of 0.5 T along the beam direction. A
detailed description of the L3 detector is given in reference [10].

The central tracking chamber is a time expansion chamber (TEC) which consists
of two cylinders, the inner and outer chambers, with 12 and 24 sectors, respectively.
The R-¢ coordinate of a track is measured with a maximum of 62 anode wires (8
in the inner chamber, 54 in the outer). The chamber is separated from the beam
line by two concentric beryllium tubes with a total thickness of 1.5 mm. The first
spatial coordinate is measured at a distance of 110 mm from the beam line, and
the last one at a distance of 427 mm. The single wire resolution is 58 pm averaged
over the entire cell and the double-track resolution is 640 pm.

The fine segmentation of the BGO detector and the hadron calorimeter allows
us to measure the direction of jets with an angular resolution of 2.1°, and to measure
the total energy of hadronic events from Z° decay with a resolution of 10.2% [11].
The muon detector consists of three layers of precise drift chambers, which measure
a muon trajectory 56 times in the bending plane, and 8 times in the non-bending
direction. Data used in this analysis covered the following ranges of polar angles:

— Central tracking chamber: 41° < 6 < 139°,
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— Electromagnetic calorimeter: 42° < 6 < 138°,
— Hadron calorimeter: 5° < 6 < 175°,
— Muon chambers: 36° < § < 144°.

Event selection

The trigger requirements and the selection criteria for hadronic events contain-
ing electrons and muons have been described earlier [7]. For this analysis, additional
requirements are used to ensure that the lepton track is well measured in the TEC.
A minimum of 40 hits is required on the track, and at least 5 of them must be from
the inner TEC. The track must also include at least one hit from the three inner-
most wires, and the distance of closest approach to the interaction point must be
less than 5 mm in the R — ¢ projection. The spatial resolution in the TEC is worse
for hits close to the anode or cathode wires. Therefore, we exclude tracks which
are within 10 mrad of either the anode or cathode planes. Only well-reconstructed
tracks are kept by requiring that the x? probability of the track fit is larger than
2%.

For muons, in addition to the standard cuts, we use a x? method to match
a TEC track in momentum and direction with the corresponding muon chamber
track. The effects of multiple scattering and energy loss in the calorimeters are
taken into account in the matching. The track in the central tracking chamber
corresponding to the best x? value below a maximum limit is considered to be the
muon candidate.

Because of the hard fragmentation and large mass of the b-quark, leptons from
semileptonic B-hadron decay have a large momentum and a large transverse mo-
mentum with respect to the b-quark direction. Therefore, by cutting on these
quantities we preferentially select Z® — bb events. Only muons and electrons with
momenta greater than 4 GeV are used in this analysis. The transverse momentum,
p 1, calculated with respect to the nearest jet axis is required to exceed 1.5 GeV for
muons and 1 GeV for electrons, and is required to be less than 6 GeV. The lepton is
excluded from the calculation of the jet direction. If there is no jet with an energy
greater than 6 GeV in the same hemisphere as the lepton, p, is calculated relative
to the thrust axis of the event.

After all cuts, we are left with 1386 inclusive lepton candidates. These include
673 electron candidates and 713 muon candidates. No tracks originating from K°
or A decay have been found in the lepton candidate sample. This was established
by studying the invariant-mass distribution of the lepton candidates with all other
oppositely charged tracks which are consistent with coming from a common sec-
ondary vertex. Monte Carlo simulations also show no contamination from K Oor A
decay products in the lepton sample.

Lepton classification
We classify the inclusive lepton events into the following categories (and their
charge conjugate reactions),
1) Prompt b — ¢;
2) Cascade b — ¢ — £ including b —» ¢+ ¢+ s where ¢ = £, and b — 7 — {;
3) Prompt ¢ — ¢




4) Background from decays: m, K — ¢,
5) Background from hadrons misidentified as leptons.

For each category, we generate Monte Carlo events using the parton shower
program JETSET 7.2 [12]. The events are passed through the L3 detector simula-
tion [13], which includes the effects of experimental resolution, energy loss, multiple
scattering, interactions, and decays in the detector materials. The events are gen-
erated with the parameter Arr, = 290 MeV and string fragmentation. The Peterson
fragmentation function [14] is used in the Monte Carlo simulation to describe the
fragmentation of ¢- and b-quarks. The input fragmentation parameters used in
the generator are € = 0.07 for charm quarks, found by extrapolation from PE-
TRA and PEP data [15], and ¢f = 0.008 for bottom quarks, taken from our own
measurement [7]. We also use the L3 measurement of Br(B — fvX) = 0.119 +
0.003 (stat.) + 0.006 (sys.) [7] and take Br(D — fvX) = 0.096 + 0.006 (stat. + sys.)
from measurements at PETRA and PEP [16]. ,

The p and p) spectra for the inclusive leptons are well reproduced by the
Monte Carlo simulation, as shown in previous publications [5-7]. The prompt b-
decay contribution dominates at large transverse lepton momentum. The Monte
Carlo estimates for the fraction of each lepton category after all cuts are given in
Table 1.

Category muons | electrons
1: prompt b — ¢ 82.1% | 84.4%
2: cascade /£ 53% | 4.3%
3: prompt ¢ — ¢ 4.5% 1.7%
4: decay m, K — ¢ 1.2% | 0.2%
5: misid. hadrons 6.9% | 9.4%

Table 1: Monte Carlo estimates of the fraction of each lepton category in the
data, after application of the cuts described in the text.

Impact parameter method

The B-hadron lifetime is determined from a measurement of the signed impact
parameter of the selected lepton candidate tracks. The impact parameter is defined
as the distance of closest approach of the lepton track to the estimated primary pro-
duction vertex. We use the projected impact parameter, §, in the plane transverse
to the beam (R — ¢ projection), because the beam size is smaller and the spatial
resolution of the tracking chamber is better in this plane than along the beam
axis. An advantage of the impact parameter method is that the measured lifetime
is not semsitive to the B-hadron momentum and hence to a precise knowledge of
the b-quark fragmentation parameters. The B-hadron direction is approximated by
the event thrust axis. The impact parameter is taken to be positive if the lepton
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track intersects with the event thrust axis in the apparent flight direction of the
B-hadron, and is taken to be negative if it intersects opposite to this direction.
The negative values are a consequence of the experimental resolution and of the
approximation of the B-hadron direction by the event thrust axis. Uncertainties in
the measurement of the impact parameter can result from the following sources:

(1) the uncertainty on the position of the primary vertex,
(2) the error from the track reconstruction,
(3) the multiple scattering in the beryllium tubes.

Since the ete™ collision point is not known on an event-by-event basis, the
average position is taken to be the primary vertex. It is determined for each LEP
fill from good quality tracks in hadronic events with a statistical precision of a few
microns. From the variation in the measurement of the beam position within a
LEP fill, which includes the effects of changes in the beam steering, we estimate an
upper limit of 36 um on the systematic error of the beam position determination.

The experimental resolution in § and the size of the beam spot are found using
high momentum tracks in the reactions ete~™ — ete™ and ete™ — utu~. The
resolution is determined by measuring the distance, d, in the R — ¢ plane between
the two tracks at the primary vertex. From the r.m.s. of this distribution, oy,
we obtain the average experimental resolution in the distance of closest approach,
< Oegp > = 04/ V2 = 144 +1 pm for particle momenta of =~ 45 GeV, where the
error is statistical only.

For a given azimuthal angle, the width of the impact parameter distribution
of tracks originating from the primary vertex measures the projected size of the
beam spot, folded with the resolution in §. Subtracting in quadrature < gezp >
from the r.m.s. of the § distribution, we determine an r.m.s. beam spot size of
oy = 196 £ 5 pm in the horizontal direction and o, = 24 + 25 pm in the vertical
direction. The determination of the B-hadron lifetime is relatively insensitive to
the exact value of the beam spot size, as shown below in the study of the systematic
error.

For lower momentum tracks, a small additional contribution from multiple scat-
tering in the beryllium tubes must be taken into account. This can be parametrized
as a function of the track momentum p by oy = 83 pm/p [GeV].

The total error on the measured distance of closest approach, os, can then be
written as:

af = afxp + a,znuu + af.sinqu + azcosz¢, (1)

where ¢ is the azimuthal angle of the track. The experimental error, gz, is taken
from the covariance matrix of the track fit for each lepton candidate.

We determine the lifetime of B-hadrons, 7, using a binned maximum likelihood
fit to the measured impact parameter distribution, taking into account the expected
contributions of the lepton categories mentioned above. The impact parameter
distributions for the prompt and cascade lepton sources depend on the lifetime
of the parent hadrons. It is through this dependence that the B-hadron lifetime
is measured. The impact parameter distributions for the five lepton sources are
obtained from the data or from Monte Carlo simulations, as described in the next
two sections.



Prompt and cascade leptons

The impact parameter distributions for the prompt and cascade leptons can be
expressed as a convolution of two functions: the true impact parameter distribution,
which depends on the lifetime of the B- or D-hadrons, and the resolution function,
which describes the smearing of § due to the finite resolution.

The true impact parameter distributions have been determined from Monte
Carlo simulations using inclusive leptons which satisfy the selection criteria de-
scribed above. The true impact parameter, §;, is calculated relative to the event
production vertex, as generated in the Monte Carlo simulation. The sign of §; is
chosen using the reconstructed event thrust axis, in order to take into account the
uncertainty of approximating the B-hadron direction by the event thrust axis.

For prompt b — £ leptons, the true impact parameter distribution scales with
6¢/ctp. It has been determined from the Monte Carlo simulation using 75 = 1.31 ps,
and it is scaled for other 7p values in the fit. For the cascade leptons, the impact
parameter depends on both the B- and D-hadron (or 7-lepton) lifetimes. However,
it is dominated by the lifetime of the initial B-hadron, and we also use 75 = 1.31 ps
as the scaling lifetime for this lepton category. For prompt ¢ — I, an average value
of 7p = 0.68 ps is used as the scaling lifetime. This value has been estimated from
the lifetimes of the various charmed particles, weighted by their relative production
rates and semileptonic branching ratios. As discussed later, the determination of the
B-hadron lifetime is insensitive to the value of 7p used in the fit. The various true
impact parameter distributions are determined separately for muons and electrons.
We perform a fit to the Monte Carlo generated distributions using two exponential
functions for each of the regions § < 0 and § > 0, and use this parametrization
in the likelihood fit. Typical values of the mean true impact parameter from the
Monte Carlo events are 175 pm, 203 pm, and 47 pm for b — £, cascade and ¢ — £
leptons, respectively.

The experimental impact parameter resolution function is determined by using
hadronic tracks in the data which meet all selection criteria applied to the lepton
candidates, except the lepton identification and the p; cuts. Furthermore, we
select only those tracks whose flight directions are nearly parallel to the thrust axis
in the R — ¢ projection by requiring |sin A¢| < 0.02, where A¢ is the difference
in azimuthal angle between the track momentum vector and the event thrust axis.
Due to this requirement, the impact parameter measurement is dominated by the
experimental resolution.

We obtained the resolution function by measuring § /5 for the hadronic tracks.
The parameter G5 = 216 um is the average of the impact parameter errors, found
using equation (1). The resulting scaled impact parameter distribution §/G for the
hadronic tracks is shown in Figure 1(a). Residual lifetime effects cause the small
excess on the positive side of the distribution. Therefore, a fit using the sum of two
Gaussians is performed only over the negative side of the distribution. The curve in
Figure 1(a) shows the result of the fit over the entire distribution. The central region
of the distribution is well described by a Gaussian of width 1.09 £ 0.11. A second
Gaussian, of width 2.2 4 0.6 and fractional amplitude 10%, is needed to describe
the small tails due to overlapping tracks. From these studies, we parametrize the
impact parameter resolution function as the sum of two Gaussians having widths
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of 1.0955 and 2.27, respectively,

Further studies using large-angle ete™ — ete™ events have been performed to
check whether the assignment of the measurement error according to equation (1)
is correct. The result of this test is shown in Figure 1(b), where the distribution of
§/0s is shown for tracks from ete™ — ete™ events. In this case, the sign of § is
determined by whether or not the primary vertex is inside the circle formed by the
track fit. The distribution is well described by a Gaussian of width 1.06+0.01, where
the error is statistical only. This is shown by the curve in Figure 1(b). This result
is in good agreement with the impact parameter distribution of the hadronic tracks
in Figure 1(a), and shows that the measurement error on the impact parameter is

well understood.

Background and 7, K decay leptons

The impact parameter distribution for misidentified hadrons is determined from
the é-distribution of hadron tracks in the data which fulfill all the selection criteria,
but fail the lepton identification. The resulting impact parameter distribution is
shown in Figure 2. The distribution has a mean value of 57+5 pm, which is in good
agreement with the expectation from the Monte Carlo simulation. A fit is made to
this distribution using three Gaussians functions, having widths of o5 = 222 pm,
414 pm, and 2.2 mm, respectively. The widths of the first two Gaussians agree
with the values found earlier for the width of the resolution function. The third
Gaussian describes the tails of the distribution, which are caused by hadron tracks
from decays of long lived particles.

Due to the relatively small radius of the central tracking chamber, the contri-
bution of background from 7 and K decay in the selected data sample is only at
the 1% level. Decays in flight can generate large impact parameters due to the
kink in the reconstructed track. Therefore, the impact parameter distribution from
this source is wider than for the other lepton categories. A sample of tracks which
originate from the decays of 7 and K and meet the selection criteria are selected
from the Monte Carlo events. A fit is made to their impact parameter distribution
using the sum of a Gaussian and an exponential function. This parametrization is
used in the fit for the decay distribution.

Maxi likelihood fit

The B-hadron lifetime, 7p, is determined from a binned maximum likelihood
fit to the impact parameter distribution. The probability in each bin is determined
from the measured and the expected number of events in this bin using Poisson
statistics. The measured impact parameter distribution is shown in Figure 3. The
preponderance of positive values, as seen from the measured mean of 176 +20 pm, is
due to the lifetime of the B-hadrons. The expected impact parameter distribution,
which depends on 7, is the sum of the §-distributions of the five lepton categories,
weighted by the fractions as given in Table 1. The fit is performed simultaneously
for the muon and electron §-distributions over the range || < 3 mm, using a bin
size of 0.2 mm. The result of the fit is 7 = 1.32 + 0.08 ps, where the error is
statistical only. The expected impact parameter distribution for this value of 7p is
shown in Figure 3 as a solid line, in good agreement with the measurement. The
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calculated x? per degree of freedom is 54/59. The contributions from the different
lepton sources are also shown in the figure.

Checks and systematic errors

We have performed several consistency checks to verify the analysis and the
fitting procedures. As a necessary check of the method, Monte Carlo events were
generated with various input B-hadron lifetimes over a range from 0.5 to 1.5 ps.
The events are analyzed in the same manner as the data. The measured B-hadron
lifetime obtained for each sample is found to be in good agreement with the input
lifetime. For example, using Monte Carlo events generated with an input B-hadron
lifetime of 1.31 ps, we obtain a value of 1.33 + 0.03 ps.

To check for biases, we also repeat the analysis for different subsets of the
data. The average B-hadron lifetimes obtained for these different event samples
are listed in Table 2. We determine the lifetime separately for electrons and muons,
for positively and negatively charged leptons, and for leptons in the region where
the effect of the beam spot size is smaller, namely horizontally-produced leptons
where the azimuthal angle satisfies | sin ¢| < 0.5. As a further check, we measure the
lifetime for a sample selected with a lower cut on the transverse momentum of the
lepton relative to the nearest jet axis, p; > 0.5 GeV for electrons and p; > 1.0 GeV
for muons. Finally, we repeat the analysis using only events with |6] < 1.5 mm.
Within the statistical errors, all the results are compatible with each other.

Event Sample Nevents | 7B (PS)
standard 1386 |1.32 £+ 0.08
muons 713 |1.35 £ 0.11
electrons 673 [1.29 £ 0.11
negative leptons 715 [1.37 £ 0.11
positive leptons 671 |1.25 £+ 0.11
|sin ¢| < 0.5 416 |1.26 £+ 0.13
lower p; cut 1843 |[1.33 + 0.07
|6] < 1.5 mm 1364 |1.29 + 0.08

Table 2: Measurements of the B-hadron lifetime for different event samples.

Table 3 contains the various contributions to the systematic error in the life-
time measurement. We estimate each contribution by changing the corresponding
parameters by one standard deviation or more of their known (or estimated) uncer-
tainties and by repeating the lifetime analysis with the new values. The error on the
fragmentation parameter, €, is taken from our previous measurement [7]. The error
due to the uncertainty in the average charm hadron lifetime 7p is determined by
varying this value over a range of +0.2 ps, to compensate for the lifetime difference
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between the D+- and D% mesons. We have varied the fraction of prompt b — £ in
the fit by +£20%, scaling the other lepton sources proportionally according to their
fractions. We estimate the uncertainties from the parametrizations of the prompt
and cascade true impact parameter distributions by changing the parameters used
in the corresponding functions by their associated errors. The largest error comes
from the uncertainty in the parametrization of the prompt b — £ decays, since
they are the dominant contribution in the event sample. The uncertainty in the
parametrization of the hadronic background is estimated by using different track

selection criteria.

Contribution Atp (ps)
changing the b fragmentation parameter ¢, by its error 0.001
changing the average 7p by +0.2 ps 0.01
variation of prompt lepton source fraction by +20% 0.02
variation of true impact parameter distribution for b — ¢ 0.05
variation of true impact parameter distribution for cascades 0.02
variation of true impact parameter distribution for ¢ — £ 0.01
variation of the shape of the hadronic background 0.03
changing the width of the resolution function 0.04
changing the tracking chamber drift velocity 0.03
changing the tracking chamber zero time 0.04
changing the beam spot size by 50 pm 0.01
shifting the beam spot position by 50 pm 0.013
changing the bin width and edge 0.005

Table 3: Systematic uncertainties in the B-hadron lifetime measurement.

The systematic error due to the uncertainty in the impact parameter resolu-
tion function is determined by changing the value of &5 by +10% and varying
the amount of the larger-width Gaussian used in describing the resolution function.
Systematic shifts in the impact parameter measurement can arise from errors in the
calibration of the central tracking chamber. The crucial calibration parameters are
the drift velocity and the zero time of the drift-time measurement. We determine
the systematic errors from these sources by repeating the lifetime analysis using
drift velocity and zero time values obtained from different calibration procedures.
Similarly, the analysis is repeated by varying both the beam spot size and average
position by 50 um. The systematic error due to the binning in the likelihood fit is
estimated by repeating the analysis with different bin widths and edges.
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Adding the various contributions in quadrature, the total systematic error on
7B is estimated to be 0.09 ps. Thus, the B-hadron lifetime is determined to be:

7p = 1.32 £ 0.08 (stat.) £ 0.09 (sys.) ps.

This value is in good agreement with other measurements at LEP [4], PEP and
PETRA [3].

Determination of [V,

This measurement of the B-hadron lifetime, combined with our previous mea-
surement [7] of the semileptonic branching ratio, Br(B — £vX) = 0.119 + 0.003 +
0.006, can be used to determine the magnitude of the CKM matrix element [V |-
The semileptonic decay width of B-hadrons, which is obtained from the semilep-
tonic branching ratio and the lifetime, is related to the CKM matrix elements by

[17]:

Br(B - twX) Gimj

B ©192n3
The parameters fy(¢ = u,c) account for quark-mass effects and QCD corrections,
and can be approximated by [18]:

I(B - tvX) = (fe Ve + fu [Vaa]?). (2)

2 as(m} 31 3
o (1 -8 + 86— ~ 24efIngg) (1 - 222 _Syy e By

where €, = m,/m;,.

To calculate f. and f,, we use the following quark mass values, which were
obtained by the ARGUS Collaboration in the framework of the ACCMM model
[19] from a fit to the lepton momentum spectrum in semileptonic B-meson decays
[21]: my = 4.95+ 0.07 GeV and mp — m, = 3.30 & 0.02 GeV. In order to include
uncertainties in the model, we increase the error on m; to +0.3 GeV and take
my = 0.2+ 0.2 GeV, keeping the above error on my — m.. We use the value
as(mf) = 0.20 £ 0.03, which has been obtained from extrapolating our measured
value at /s ® Mz, a, = 0.115 % 0.009 [20], to Q% = mZ. In our treatment, we
assume that in accordance with the spectator model the light B-mesons produced
at the T(45) have the same semileptonic widths as the heavier B-hadrons which
can be produced from the Z°.

Taking our measured values for 75 and the B-hadron semileptonic branching ra-
tio [7], we show in Figure 4 the corresponding curve in the |Vep| versus |Vy| plane.
The solid line corresponds to the central values, and the dashed lines represent
the one standard deviation errors, where the statistical and systematic errors have
been added in quadrature. The systematic error has contributions from our mea-
surements and from the uncertainties in the quark masses and a,. Because of the
anti-correlation between my and f,, the factor (m} fc) in equation (2) varies by only
+12% over the my range from 4.65 to 5.25 GeV, if the above error of +0.02 GeV
on mp — m, is maintained. This has to be compared with the +30% change in m;
alone. However, there is much less of an anti-correlation between my and f,. This
explains the widening of the errors in Figure 4 when going from the |V;| axis to
the |V,| axis.
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Measurements of the endpoint of the lepton momentum spectrum from B-meson
semileptonic decays [22-23] find the ratio ‘l'VLb} to be small. Model-dependent values

in the range from 0.1 to 0.2 are obtained. We use the value of le"—"} = 0.15 £ 0.10,
which produces the solid straight line shown in Figure 4. The dashed lines again
correspond to the estimated error on the ratio. The two solid curves meet at a
value

[V.s| = 0.046 + 0.002 +0-002,

where the first error is due to our statistical and systematic errors added in quadra-
ture, and the second is due to uncertainties in the theory, including the errors on

Vb , the quark masses(l) and a,. This determination of |V 3| is relatively insensi-
Veo

tive to the exact value of I%Ell Varying the ratio from 0.05 to 0.25, changes the

value of |V | by only fg:gg%.

Conclusion

We have performed a measurement of the lifetime of hadrons containing b-
quarks from a study of inclusive muon and electron events selected from a sample
of 115,000 hadronic Z° decays. From a fit to the impact parameter distribution of
the lepton candidate tracks, the average lifetime of B-hadrons is determined to be:

7B = 1.32 £ 0.08 (stat.) £+ 0.09 (sys.) ps.

In the framework of ACCMM model [19], using this measurement and our previously
published result on the branching ratio Br(B — £vX), we obtain |V3| = 0.046 £
0.002 +5:555.
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FIGURE CAPTIONS:

Figure 1

Figure 2

Figure 3

Figure 4

(a) The distribution of the impact parameter divided by the average impact
parameter error for hadronic tracks whose flight directions are nearly parallel
to the event thrust axis in the R — ¢ projection. The curve is the result of the
fit over the negative part of the distribution only. The excess on the positive
side is due to decays of long lived particles. (b) The distribution of the impact
parameter divided by its error for tracks in Bhabha events. The curve is the
result of the fit over the entire distribution.

The impact parameter distribution for hadronic background tracks from data.
The curve is the result of the fit described in the text.

The impact parameter distribution of the lepton candidate tracks from the
data, with the result of the fit superimposed. The contributions from the
various lepton categories are shown by the shaded curves.

The contour plot of |V,| versus |Vy3|. The solid curved line comes from our
measurement of the B-hadron lifetime and the semileptonic branching ratio.
The solid straight line comes from the ARGUS/CLEO measurement of %ﬂ
The dashed lines correspond to one standard deviation errors, including the
theoretical uncertainties.
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