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Abstract

The lifetimes of the B® and B~ mesons have been measured with the
ALgpH detector at LEP. Semileptonic decays of B and B~ mesons were
partially reconstructed by identifying events containing a lepton with an as-
sociated D** or D® meson. The proper time of the B meson was estimated
from the measured decay length and the momentum and mass of the D-lepton
system. A fit to the proper time of 77 D*+¢~ and 77 D%~ candidates, com-
bined with a constraint on the lifetime ratio (7- /7o) arising from the relative
rates of observed D*+{~ and D% events, yielded the following lifetimes:

7o = 1.5279%(stat )10 (4(syst.) ps
= 1.471%%%(stat.)t5 13 (syst.) ps
T‘- - .

= = 0.9679 3% stat.) 0 13(syst.)
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1 Introduction

Recent experimental improvements have resulted in precise measurements of the
average B hadron lifetime {1, 2], but measurements of the lifetimes of the individual
B species are less precise [3]. Indirect measurements of the ratio of the B® and B~
lifetimes have been made as well [4, 5].

Knowledge of the ratio of the BY and B~ lifetimes is relevant for a quantitative
understanding of the importance of non-spectator effects and final state interactions
in B meson decays. Such effects are large in the charm sector (where Tp+/7po =~ 2.5),
but are predicted to be much smaller for B decays [6].

This Letter reports a measurement of the BY and B~ lifetimes with the ALEPH
detector at LEP. Semileptonic decays of B° and B~ mesons were partially recon-
structed by identifying events containing a lepton (e or u) with an associated D or
D**+ meson. The resulting D%lepton (D°¢~) and D**-lepton (D*t£7) event sam-
ples consist mostly of B~ and B° decays, respectively (charge conjugate modes are
implied throughout this Letter). The separation of B meson species in this manner
allows a measurement of their individual lifetimes.

2 The ALEPH detector

The ALEPH detector is described in detail elsewhere [7]. A high resolution vertex
detector (VDET) consisting of two layers of silicon with double-sided readout was
available for this analysis. It provides measurements in the r¢ and z directions at
radii of 6.3 cm and 10.8 cm, with ~ 12 um precision. The VDET provides full
azimuthal coverage and polar angle coverage to | cos #] < 0.85 for the inner layer
only and |cos 8| < 0.69 for both layers [8]. Outside VDET particles traverse the
inner tracking chamber (ITC) and the time projection chamber (TPC). The ITC
is a cylindrical drift chamber with eight axial wire layers at radii of 16 to 26 cm.
The TPC measures up to 21 space points per track at radii between 40 and 171 cm,
and also provides up to 330 measurements of the ionization (dE/dr) of each charged
track. Tracking is performedin a 1.5 T magnetic field provided by a superconducting
solenoid.

The electromagnetic calorimeter (ECAL) is a lead /wire-chamber sandwich op-
erated in proportional mode. The calorimeter is read out in projective towers that
subtend typically 15 mrad x 15 mrad in solid angle and that are segmented in three
longitudinal sections. The hadron calorimeter (HCAL) uses the iron return yoke as
absorber. Hadronic showers are sampled by 23 planes of streamer tubes, with analog
projective tower and digital hit pattern readout. The HCAL is used in combination
with two layers of muon chambers outside the magnet for muon identification.

3 Event selection

The D+~ and DU~ event samples were selected from approximately 260,000 had-
ronic decays of the Z, collected in 1991 when the VDET became fully operational.
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Hadronic event selection based on charged tracks is described in ref. [9].

The selection of muons and electrons is described in detail in ref. [10]. For this
analysis, lepton candidates were required to have a momentum of at least 3 GeV/e.
Electron candidates that had suffered a hard bremstrahlung due to interaction with
detector material have been removed using the technique described in ref. [11].

D** and D° candidates were reconstructed from charged tracks that formed an
angle of less than 45° with the lepton candidate. These charged tracks were also
required to intersect an imaginary cylinder of radius 2 cm and half-length 4 cm
centered on the nominal interaction point, have at least 4 hits in the TPC, have a
polar angle # such that | cos 8| < 0.95 and have momentum greater than 200 MeV/ec.

D"t candidates were identified via the decay DT — D%, followed either by
D° = K-t or D — K-ntr~#*. It is well known that the very low Q value for
the decay D*+ — D%t permits the identification of D** mesons with low back-
ground (a detailed presentation of inclusive D** selection is given in ref. [12]). In
this analysis, the favorable kinematic situation was exploited by requiring that the
difference in mass between the D** and D® candidates lie within 1.5 MeV /c? (ap-
proximately two standard deviations of the experimental resolution) of the known
value of 145.6 MeV/c?. Since, for these decays, the kaon will have the same elec-
tric charge as the lepton coming from the semileptonic decay of the B, this charge
correlation was imposed in the reconstruction of D*' mesons. For the subsam-
ple where D° — K~ 77 the momentum of the D° was required to be greater than
5 GeV/c. The subsample with D° — K~ n7n~ 77 suffers from greater combina-
torial background and therefore the following more stringent selection criteria were
applied: ppo > 8 GeV/¢; if there are at least 40 dE/dz wire samples for the track,
its specific ionization must be within two standard deviations of that expected for
a kaon; and at least two of the D® decay tracks have p > 1 GeV/c. If, for a given
detected lepton, more than one combination satisfied these selection criteria, the
best combination was selected, based on the values of the reconstructed D° mass

and D*T-DY mass difference.

The D%~ sample consists of events with a lepton and a DY candidate, where
the D° was not the decay product of a D*+. D candidates were identified via the
decay D° — K~nt. Again, K candidates were required to have the same charge as
the lepton. For this sample, the powerful selection criterion involving the D**-D°
mass difference was not applicable, making it necessary to apply stricter selection
criteria. The D° candidates were required to have ppe > 8 GeV/c, px > 2 GeV/c
and p, > 1.5 GeV/c. Furthermore, the specific fonization of both tracks, if at least
40 wire samples had been recorded, had to be within 2¢ of that expected of a kaon
and a pion, respectively. To reject D candidates coming from Dt = D%, a
search for the additional pion was performed. If a pion candidate yielding a D**-
D° mass difference within 1.5 MeV/c? of the known value was found, the D¢~
candidate was rejected. The efficiency for reconstructing the additional pion and
rejecting D%’s coming from D** decays was found to be 85%.

To improve the signal to background ratio and to ensure well-measured decay
lengths, additional selection criteria were placed on all the subsamples. The invariant
mass of the D¢ (where D) can be D** or D) system was required to be greater



Table 1: Fitted D° mass and number of D° candidates and background events falling
within a mass window of +2¢.

Subsample Mass (MeV/c?) | Signal events ;| Background events
Dt¢~ DY — K=t 1866 + 2 284+£54 22411

Db K-nfrn—nt 1864 + 2 40.7£7.2 6.7 £ 4.0
Dt~ DY - K77 1864 + 2 65.9 £ 8.8 11.7 4+ 4.0

than 3 GeV/c*. This criterion significantly reduced the combinatorial background,
while keeping ~ 85% of the signal [13]. To exploit the high precision of the silicon
vertex detector, the lepton track and the D? decay product tracks were required to
have at least one VDET hit in both the r¢ and z projections (except for the decay
D — K-atr—7*, where at least two of the four tracks were required to have VDET
hits). Also, the D and B decay vertices were reconstructed (as will be discussed in
Sec. 4) and the x? probability for each vertex fit was required to be greater than
1%.

The D" candidate mass specira for the three subsamples are shown in Fig. 1.
For D° — K-=+ the fitted curves consist of a Gaussian for the signal plus a linear
background. The width of the Gaussian was fixed at 10 MeV/c?, determined from

a Monte Carlo simulation.

For D° — K-rTn-n" the use of the D® mass as one of the criteria to select the
best among several candidates for a given event causes the background to exhibit a
broad peak centered on the D° mass. A Gaussian, whose area and width were deter-
mined by considering the D" mass spectrum for events that fail the D*T—D" mass
difference criterion, was combined with a straight line to describe this background.
The signal was described by a Gaussian with the width fixed at 9 MeV/c%.

The fitted D° mass and the fisted number of signal and background events within
o window of £2¢ around the fitted mass for the three samples are shown in Tab. 1.

4 Decay length and proper time

Events reconstructed with a D® mass within two standard deviations of the fitted
D° mass were selected for the lifetime analysis, resulting in 77 D*t2= and 77 D°4
candidates. The decay length has been calculated for these events by reconstructing
the primary and B decay vertices in three dimensions.

The primary vertex reconsiruction algorithm combines the average beam po-
sition, determined from data for each run, with the track information from the
particular event. After grouping the tracks into jets, tracks within each particular
jet were projected into the plane perpendicular to the jet direction. This removes
any dependence on the lifetime of the particle in the approximation that the jet axis
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Figure 1: The invariant mass of D" candidates for the three subsamples: a) D47,
D° — Kr, b) D™, DY — K3, ¢) D, D' — Kn. The smooth curves
are results of the fit described in the text. The mass region below 1.7 GeV/c? is
excluded from the fit for the D° — K ~nT samples to avoid a broad peak arising
from the decay D — K~z+7° where the 7 goes undetected.

reproduces the direction of the # hadron. The primary vertex was then calcnlated
as the point that was most consistent with the projected tracks and the beam en-
velope, which was taken as the average beam position with the dimensions of the
LEP beam spot {~ 150 pm x 10 pgm x 1 cm}. Using this algorithm on simulated
bh events, an average resolution of the primary vertex position projected along the
event sphericity axis of 85 pm is obtained.

The B decay vertex was obtained by first reconstructing the DU decay vertex
using its known decay tracks and then extrapolating the neutral DP track backwards
where it was combined with the lepton to form the B decay vertex (Fig. 2). In
the case of D*+f~ events, the soft pion from the D** decay does not improve the



Figure 2: Schematic representation of a typical B decay into D°¢~.

resolution on the B decay length and was therefore not used in the reconstruction
of the B vertex.

The best estimates of the B decay length & and its error o are obtained by com-
bining the reconstructed primary and secondary vertices with the B flight direction,

using the formulas
n{O'i;-l(IIj 9 1
6:2 1. JEZZ o1, (1)

where x; is the vector that points trom the primary vertex position to the B decay
vertex position, n; is the vector of direction cosines of the B flight direction, and oﬁl
is the inverse of the swn of the error matrices of the primary and B vertices. The
uncertainty on the flight direction due to the missing neutrino induces a negligible
error on the decay length. The resolution on the B decay length is typically about
300 pun, compared with an average B decay length of ~ 2.6 mm (assuming 7 =
1.49 ps and an average B momentum of 30 GeV/c).

The proper time for a decay s the decay length divided by e = p/m, however
since these events contain an undetected neutrino, the B momentum is not known.
A good approximation to the proper time # is obtained by using the D&} system
when evaluating 37,

__ 0 %
= (Bye)pe’ 77 Bre)pe )
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Figure 3: Distribution of £ (defined in the text).

Then « is defined as

(687)pe
(57)3 ' (3)

A typical distribution of x for Monte Carlo signal events is shown in Fig. 3. To
perform a maximum likelihood fit for the lifetimes it Is necessary to compute for
each event the probability of observing a proper time t (as obtained from Egq. 2)
given the lifetime 7. The probability function F(t,0: 7) is obtained by convoluting
an exponential distribution with the properly normalised & distribution. Since this
distribution depends on the selection criteria applied, separate & distributions are
calculated for each subsample.

fc——

Due to the finite resolution on the decay length (and hence on the proper time)
it is necessary to perform a second convolution with a Gaussian resolution function.
It has been determined from a Monte Carlo simulation that the resolution on the
proper time is best described by the sum of two Gaussians, where the widths of the
Gaussians are given by o, multiplied by a scale factor:

1 —A2 (t_t0)2‘| 9 I: (t—t(])?
Ryeo(t —to,00) = == exp | = T me, (T
( 0, %) 2meioy P l 2 (a1 O't)2 27 ey P 2 (0201‘)2

with parameters ¢; = 1.123+0.06, ¢; = 2.66+0.42 and A, = 0.24 £0.05. The second
term in Eq. 4 is necessary to model small non-Gaussian effects in the reconstruction
of charged tracks. Due to the good resolution on proper time, the fitted lifetimes
are rather insensitive to the precise values of ¢1, ¢z, and A,.

|

Summarizing, the probability distribution that describes the signal is obtained
by convoluting an exponential decay function with the % distribution of Fig. 3 and
the resolution function of Eq. 4.

5 BY and B~ lifetimes

The B® and B~ lifetimes cannot be determined by performing separate fits on the
two event samples. Since both samples contain a mixture of B and B~ decays, one
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does not expect their distributions to be described by a single exponential. Further-
more, the B~/BY mixture in the samples depends on the ratio of the lifetimes, as
will be discussed below. Therefore, to measure the B° and B~ lifetimes a simul-
taneous maximum likelihood fit to all the events was performed. Since each of the
two samples contains a mixture of BY and B~ decays and of background, the likeli-
hood function comtains three components for each sample. The likelihood function
is written as

Npet

Lo = 11 frF(tyonm-}+ foF(ti o3, 70) + fafBalti)
1=l
Npog
X H fEF(ti:JiaT-—) +ng(tivo'i:TU)+ngF§G(ti) (5)

1=1
where F'(t,0,7) is the probability function for the signal, as described in the previous
soction. The coefficients f* and fi are the fractions of the D*t¢~ sample arising
from B~ and BP decays, respectively. Similarly, f2 and 79 are the fractions of the
D°¢~ sample made up of B~ and BY decays. The coefficients fgq and f§ are
the background fractions of the samples, while the functions F(t) and Fgs(t) are
their normalised proper time distributions.

5.1 Backgrounds

Background contamination arises from the following sources:
(1) combinatorial background, i.e. candidates with a fake DJ;

(2) the process B — D; DMX | followed by D — ¢~ X, giving rise to a real D™
and a real lepton;

(3) areal D) meson accompanied by a fake or non-prompt lepton, from Z — bb
or Z — cc events.

Source (1) is the dominant background and its contribution is determined from a
fit to the D° mass distributions, and its magnitude is given in Tab. 1 for the various
subsamples. The proper time distribution for this source has been determined from
the data by selecting events {rom the sidebands of the D® peak. The same selection
criteria described in Sec. 3 have been applied to the background samples, except that
the requirement on the D**—D" mass difference in the case of the D*+£~ events has
been removed to increase the statistics. A function consisting of a Gaussian plus
positive and negative exponeutial tails was used to describe these data (Fig. 4a—c.)

The contribution from source (2) was calculated from the measured branching
ratios for this process [14] plus a Monte Carlo simulation to determine the detection
efficiency. The proper time distribution for this source was determined from the
simulation and is well approximated by an exponential distribution with the mean
b hadron lifetime, 7, = 1.49 £ 0.07 ps [2].

The background from source (3) is estimated from the known hadron-lepton
misidentification probabilities and the measured inclusive D% and D*F rates. It can
be further subdivided into three distinct components,

7
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Figure 4: Proper time distributions for the three different samples for background
due to source (1), a) D", D¥ — Kn, b) Do, D° — K3, ¢) D%, D° — K.
The smooth curves are results of the fit described in the text. d) shows the proper
time distribution for events arising from background sources (2} and (3), as obtained
from a Monte Carlo simulation. :

e ¢ events where the fake lepton comes from the primary vertex,

o bl events where the fake lepton comes from the primary vertex, and

o bD events where the fake lepton comes from the decaying & hadron.

The distribution of background source {3) in these three components and their
proper time distributions have been determined from a Monte Carlo simulation.
The proper time distribution for the sum of sources (2) and (3) for the D*+{7,
D° — K-+ subsample is shown in Fig. 4d. The corresponding distributions for

the other event samples are similar.



Table 2: Background sources and their contributions (in number of events) to the
three subsamples.

Subsample Combinatorial | Fake lepton | B — D7 D™ X
Dtg DY — K-xt 22+£1.1 0.9+0.3 0.7+03

Db - K- ata— =t 6.7+ 4.0 1.5£0.5 1.0+ 0.4
Do~ DY K7rT 11.7+ 4.0 1.9 £ 0.7 1.9£0.7

The estimated number of events due to each background source for the different
subsamples is shown in Tab. 2.

5.2 Sample compositions

Each of the two event samples contains a mixture of B® and B~ decays, and the
sample compositions (the coefficients fZ, fg, fPand f9 of Eq. 5) must be calculated
to complete the specification of the likelihood function. The difficulty in evaluating
the sample compositions arises from incomplete knowledge of the branching ratios of
certain decay modes that contribute to the two samples. In particular, the branching
ratios for decays of the type' B — D™ rfy have not been measured. This type of
decay is important because it contributes to the amount of B meson of the “wrong”
species in the two samples.

The BY and B~ content of the two samples were calculated using the following
method: the relevant semileptonic branching ratios for B mesons were taken from
measurements at the T(45) energy. Where measurements were incomplete, reason-
able assumptions based on isospin conservation were applied. The B~ branching
fractions were then obtained from

B(B™ — " X) = T;‘—B(BO LX) (6)

which derives from the expectation that the partial semileptonic decay widths are
equal. The sample coefficients were then calculated by considering the B° and B~
decay channels that contribute to the D**+ ¢~ and D¢~ samples. As a consequence
of this procedure, the coefficlents fr, fr, f° and f7 appearing in the likelihood
function {Eq. 5) depend on the lifetime ratio. The full calculation, given in detail
in the Appendix, shows that the D*+¢~ sample contains mostly B° decays and the
D¢~ sample mostly B~. For example, if the lifetimes were equal, one would obtain
f3 =0.73 and f* = 0.10 for the D=4~ sample and f¢ = 0.64 and f§ = 0.20 for the
D¢~ sample.

The technique of taking only the measured B° branching fractions and calculat-
ing the B~ branching {ractions using Eq. 6 prevents the introduction of a lifetime
bias into the measurement, as would be the case, for example, if both the B° and
B~ branching fractions were taken from previous measurements.

1B — :D(*)'frfy is used to denote decays with non-resonant = production as well as decays of
the type B — D™ év.

9



a 25
o | ALEPH
= 20 q)
0 — b 3
= - D —lepton
o 15
b C
10
:
5 —
0 loeloews uu‘é} Ligiopio
i o 2 4 6 8 10
Proper time (ps)
n F
g 30
QT E ALEPH
\m\ 25 e
2 o
15 F
10 b
5 &
0 Emolc.u o w : rotereeoleteioe
-2 0 2 4 6 8 10
Proper time {ps)

Figure 5: Proper time distributions with result of the fit overlaid for the two samples,
a) D*tf~ events, b) D¢~ events. The solid curve shows the result of the full fit,
including the event ratio constraint. The dashed curve corresponds to the fit without

the event ratio information.

5.3 Fit results

A maximum likelihood fit to the proper time distributions of the D*¥£~ and Db
events was performed to determine the two free parameters 7o and 7... The resulting

lifetime values are

n o= LA (stat ) syt s
7 = 1307025 (stat.) + 0.06(syst.) ps

where the sources of systematic error are discussed in Sec. 6. The two lifetimes
are consistent with the average b hadron lifetime and the ratio of the lifetimes 18
consistent with unity. The proper time distributions for the two samples are shown
in Fig. 3, with the results of the fit overlaid (dashed curve).

As a check on the procedure, a measurement of the D° lifetime has been per-
formed. The D° flight distance is calculated as the distance between the B and D°
decay vertices. An unbinned likelihood fit to the 154 events yields

Tpe = 0.39 £ 0.04(stat.) ps
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in good agreement with the world average value Tpo = 0.420 & 0.008 ps [16].

5.4 Event ratio constraint

The statistical precision of the litetime measurement can be enhanced significantly
if the relative rates of D™/~ and D% events are taken into consideration. As
for the sample compositions, the expected ratio of the number of D*T£~ events to
the nurber of D%/~ events (R} is a function of the lifetime ratio, via Eq. 6. The
dependence of R on the lifetime ratio was used with the observed ratio (Robs) to
add a further constraint in the fit.

To measure Ry, with greater statistical precision, the selection criteria requiring
VDET hits and good vertex probabilities have been removed. This resulted in an
‘ncrease of ~ 40% in the event samples. The observed event ratio was found to be

Ros = 1.02 £0.17 £ 0.05.

The systematic error arises from uncertainty in the fitting of the D° mass peak and
in the background subtraction.

The expected ratio R was calculated as a function of the lifetime ratio using
the B semileptonic branching fractions in a manner similar to that used in the
calculation of the sample compositions. The D° branching ratios for the channels
selected and the selection efficiency for each channel were also necessary to calculate
R. It was assumed that equal numbers of B° and B~ mesons are produced in Z
decays. This is a reasonable asswmption since B™ mesons decay only by emitting
a photoh, and the B*~B mass difference is expected to lie well above the pion
mass [15]. Figure G shows a plot of the quantity R with its 1o error versus the
lifetime ratio 7_ /7o. The principal error arises from uncertainty in the breakdown of
B° semileptonic branching fractions. One can see from the plot that a value of the
lifetime ratio of 7_ /g ~ 1 1s preferred, and in fact, using this event ratio information
alone, one obtains

%— = 1.121%7 (stat). (7)
The statistical error here comes from the error on Rus,. The error due to the spread
of the curves is a systematic error which will be considered when evaluating the
systematic uncertainty on the fitted lifetimes.

The information on the event ratio was combined with the decay length infor-
mation in a coherent way by multiplying the likelihood function by the probability
of observing a value of Eas, given a particular lifetime ratio. The total likelihood

function is now given by:

1 (R(—/70) — Rops )
_ . 8
E [’D 8 ‘\/Z—Trgobs P zggbs ( )

where o, 1s the error on fas, and Ly is given in Eq. 3. The logarithm of £ was
maximised to determine the two free parameters 7 and 7g.

The values obtained are

o = 1.52703%8 ps
. = 1471532 ps

11
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Figure 6: The expected ratio R (number of D** /¢~ events divided by number of
DU/~ events) as a function of the ratio of the lifetimes. The area bounded by the
curves represents a lo variation of the B branching fractions. The horizontal line
with the shaded area show the observed value and its error.

where the errors are statistical only. The correlation coefficient is 0.14. One may also
consider the ratio of the lifetimes and their average to be the independent variables,
in which case one obtains

T +0.19

= = 096038
— +0.16 .

Tave — 1-49_0_12 ps

where, again, the errors are statistical only. The resulting curves of this simultaneous
fit are superimposed on the proper time distributions in Fig. 5 (solid curves).

The fitted lifetime ratio results in following values for the sample compositions
and the expected D*T£~—D%4~ ratio:

fr = 010555

fi = 0.T3TE

2 = 063100,
f9 = 0171530

R = 113£0.27
where the errors include the statistical uncertainty on 7_/7o.
6 Systematic uncertainties

The following sources of systematic error have been considered:

12



¢ uncertainties arising from imprecise knowledge of the B? semileptonic branch-

ing ratios;

o uncertainties in the background fractions and in the parametrizations of the
background proper time distributions;

e uncertainties due to the smearing of the probability distribution used to correct
for the missing neutrino (the & distribution);

e uncertainties in the decay length resolution parametrization as obtained from
the Monte Carlo simulation.

Imprecise knowledge of B° semileptonic branching fractions leads to uncertainties
in the calculated sample compositions and the expected event ratio R. The B°
branching fractions have been varied within their experimental errors, taking into
account correlations, as described in detail in the Appendix.

Uncertainties in the background fractions and proper time distributions have
been considered. Different background samples have been selected by varying the
sideband regions and by using events with wrong-sign correlations, and alternative
parametrizations of the proper time distributions have been studied.

The uncertainty in the x distribution used to correct for the missing neutrino
has been estimated by varying the parameters that influence its shape. The b quark
fragmentation function, the number of events of the type B - DWrxly, and the
event selection criteria have all been varied to determine the effect on & and the
resulting lifetimes.

The uncertainty due to the resolution function (Eq. 4) was estimated by allowing
a variation of its parameters consistent with their statistical errors plus a systematic
error due o uncertainty in tle Monte Carlo model of the decay length resolution.

The various contributions to the systematic error for the full fit with the event
ratio constraint are presented in Table 3. The total systematic error is dominated by
the uncertainty on the B° branching fractions. Furthermore, this uncertainty enters
primarily through the calculation of R, the expected event ratio as a function of
7_/79. Systematic errors due to the different sources were combined in quadrature

to obtain the total systematic error.

7  Final results and conclusions

A masximum likelihood fit to the proper time distributions of 77 D*¥£~ and 77 D%~
candidates and the relative observed rates of D*t¢~ and D%~ events has yielded
the following B° and B~ lifetimes and lifetime ratio:

o = 15270 70(stat)Tg15(syst) ps
r. = 147703 (stat) o 1a(syst) ps
T_ . .

= = O.QGfgig(stat)fg_%g(syst)
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Table 3: Sources of systematic error on the fitted lifetimes. The quantities B, B,
B, and z, which are used to calculate the B° branching ratios, are defined in the

Appendix.

Source of error Contribution to systematic error
7o (ps) | 7= (ps) /7o
B® branching | B ooz | Tooz X002
ratios By o0 +0.02 o0
By To0s | Toos 003
z o | fon on
Total | *of; | 033 o2
Background treatment | £0.02 | £0.03 £0.03
x distribution +0.03 | +0.03 +0.01
Decay length resolution | £0.01 | £0.01 £0.01
Total e

Both 7, and 7_ are consistent with the average inclusive B hadron lifetime and the
ratio of the lifetimes is consistent with unity.

The systematic error on the lifetimes is dominated by the uncertainty on the B°

semileptonic branching fractions, and in particular on the unmeasured ratio 5 fD.

for decays of the type B® — D™ rfy. Furthermore, this uncertainty arises primarily
in the calculation of the expected event ratio R (as opposed to the coefficients f~,
f&, fPand f§ of Eq. 5). This implies that for future, higher statistics, measurements
of the B~ and B° lifetimes, appropriate weighting of the event ratio information
will be used to keep the systematic errors from this source at or below the level of
the statistical errors.
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Appendix - Determination of sample compositions

Table 4 shows the six B® decay channels considered in the determination of the
sample composition coefficients. Possible modes with two or more non-resonant
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pions in the final state or with D= decaying into D) plus two or more pions
were assumed negligible. The branching ratios of the modes considered have been
determined in the following way

1. By and B, have been taken from measurements at CLEO and ARGUS [17, 18];

9 it was assumed that the inclusive semileptonic branching ratio of B® mesons
is given by the sum of the exclusive channels considered,

6
Bg = B(BD — E_X) = 231
i=1
This quantity has also been measured at CLEO and ARGUS [5, 18, 19];

3 it was assumed that, in decays of the type B — DWxly the D™ states are
produced with a fixed value of isospin, I = 1/2 (as is the case if the decay
proceeds via D**). Then isospin conservation implies

B, B;
nE —=—==2
By B
4. the quantity
P
"~ By + Bs

has not been measured. A value of z = 0.5 + 0.5 was assumed.

The conditions 2-4 allow the calculation of Bs~Bs. The uncertainties on these
branching ratios are large and highly correlated and thus not very meaningful. The
quantities Be, By, By and z are the independent quantities used to calculate the
B semileptonic branching fractions. They have been varied independently for the
evaluation of the systematic error on the fitted lifetimes. As explained in the main
part of this Letter, the B~ branching ratios were obtained using Eq. 6.

The contributions to the D**¢~ and D°f~ samples were calculated using these
branching ratios, the branching ratio for D™+ — D%+ (B, = 0.68 £ 0.03 [20]), and
the relative efficiency for detecting channels Bs—Bg (e=* = 0.70 £ 0.03, determined
using a Monte Carlo simulation). The probability that a D**£~ event 1s mistakenly
reconstructed as a D%~ event (esm = 0.15 £ 0.02) was also taken into account.
Table 5 shows the B and B~ contributions to the D¢~ and D4~ samples.
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Table 4: B semileptonic branching ratios. The corresponding B~ decay channels
are also listed. The uncertainties on Bs—Bs are large and highly correlated and

therefore are not shown.

B® BR (%) Corresponding B~ Decay
By = B(BY— D*Tf~v)  =4.74%038| By = B(B™ — D)
By, = B(B® — D¥ 0 v) —1.84 + 051 | By = B(B~ — D% v)
= B(B° — D**r% v) =0.49 By = B(B~ — D*'z% v)
By = B(B® — D*°zt~v) =097 By = B(B~ — D*r t7v)
By = B(B® — D*n%v) =049 Bg = B(B~ — D7 v)
B(B

Bs = B(B® — DPr+f=v) = 0.97
B = B(B® — £X) =9.50 £ 1.40

s DYrfw)

Table 5: Contributions of B® and B~ decays to the D**£~ and D2~ event samples.

Dt D¢~
BO B*Bl + E**BtB?) 65m(BxB1 + E**B*BS) + E**(B:; + BG)
B-| E[eB.B] | F[Bi+ B+ (Bs+ Bs) + € By Ba)]

To
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