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Abstract

The average lifetime of B hadrons has been measured by the ALEPH experiment
at LEP. Events containing B hadrons are selected by the identification of leptons with
high transverse momentum in hadronic Z decays, and the lifetime is extracted from a fit
to the impact parameter distribution of the lepton tracks. From a sample of 1.7 x 105
hadronic Z decays a lifetime of 1.29 + 0.06 + 0.10 ps is measured.
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1 Introduction

The lifetime of hadrons containing the b quark is determined in the Standard Model by
the strength of the coupling of the b quark to the ¢ and u quarks. A measurement of the
lifetime is therefore of interest as it constrains fundamental parameters of the Standard
Model, the parameters of quark flavour mixing. '

Over the past few years this measurement has been pursued by numerous experi-
ments [1], but the experimental uncertainty remains substantial. The advent of the ete™
collider LEP presents the opportunity for a higher precision measurement: at the new ma-
chine, Z particles are produced in large numbers, and decay to b quarks with a substantial
branching ratio (~ 22% of hadromc decays) and with lower charm background than is
found in the e*e™ contintum.

Presented here is an analysis of data taken by the ALEPH experiment at LEP, at centre-
of-mass energy on and around the Z peak. The data sample consists of about 170,000
hadronic Z decays, corresponding to an integrated luminosity of 7.7 pb~!, taken during the
eight months that the experiment was run in 1989 and 1990. Events containing B hadrons
are selected by identifying electrons and muons from the semileptonic decay of the hadron,
with high transverse momentum pr relative to an associated jet axis. The lifetime is then
extracted from a maximum likelihood fit to the impact parameter distribution of the lepton
tracks, measured relative to the estimated ete~ interaction point.

Strictly speaking the measurement is an average over the lifetimes of all the hadrons
containing b quarks, weighted by their production rates and semileptonic branching ratios,
and may therefore differ from other measurements at lower energies and with different
selection requirements. However, the first experimental checks of the separate lifetimes of
the various species [2] support the theoretical expectation that these differences are small.

A silicon microvertex detector was partially installed during the data taking period,
but has not been used for this analysis; even so, the respectable resolution of the other
tracking detectors, and the high statistics, result in a measurement of the lifetime that is
the most precise to date.

2 The detector

The ALEPH detector is described in detail elsewhere [3]. A br1ef description of the features
relevant to this analysis will be given here

Close to the beam pipe is the inner trackmg chamber (ITC), a cylindrical multiwire
drift chamber with eight concentric layers of axial sense wires and a total of 960 hexagonal
drift cells, with a maximum drift distance of 6 mm. The wire load is taken by the outer
carbon-fibre wall, allowing the inner wall to be made of polystyrene to minimize multiple
scattering, with a contribution of only 0.2% of a radiation length to the thickness of
material between the interaction point and the ITC wires (2.3 % in total).



Surrounding the ITC is a large time projection chamber (TPC), a cylindrical 3D imaging
drift chamber of outer radius 1.8 m, with an axial electric field that is defined by a central
membrane held at a potential of —27 kV. Electrons from ionization drift to the end plates,
where they are detected by wire chambers with segmented cathode planes that provide
measurements of up to 21 space points for charged particles traversing the full radius
(for which the polar angle # satisfies [cos @} < 0.79). Charged particles within |cos8| <
0.96 cross all eight layers of the ITC and at least four cathode pad rows of the TPC.
Measurements of specific ionization (dE/dz) are provided by the TPC sense wires, with a
resolution of 4.6% for 330 ionization samples, obtained for electrons in hadronic events.

Following detailed studies, the resolution of the tracking detectors is well understood [4].
The momentum resolution for tracks fit through both the ITC and the TPC is measured
using dimuon events, Z — ptpu~, to be §p/p? = 0.0008 (GeV/c)™'. The spatial resolution
at the interaction point can be determined from the apparent separation of the two muon
tracks at the origin, projected into the plane transverse to the beam axis (the r¢ plane).
From the rms width of this distribution, og, a single track resolution of o'k (rp) =
os/+/2 = 140 pm is measured (for p = 45.6 GeV/c). This resolution is substantially better
than that of about 1 mm along the beam axis.

The electromagnetic calorimeter (ECAL) is a highly segmented sandwich of wire cham-
bers and lead plates, with a thickness of 22 radiation lengths, covering the angular region
|cosf]| < 0.98. The position and energy of electromagnetic showers are measured using
3x 3 cm?’ cathode pads connected to form projective towers, each read out in three separate
stacks in depth corresponding to 4, 9 and 9 radiation lengths. For electromagnetic showers
the energy resolution is measured to be §E/E = 0.18/vE (E in GeV).

The ITC, TPC and ECAL are enclosed in a superconducting solenoid providing an axial
magnetic field of 1.5 T. The 120 cm thick iron return yoke of the magnet is instrumented
with 1x1 cm? streamer tubes to form the hadron calorimeter (HCAL), covering the angular
region {cos@| < 0.99. The barrel section of the calorimeter has 23 layers of tubes, whilst
the end caps have 15 layers where they overlap the barrel and elsewhere 22 layers. The
digital readout from the streamer tubes is used to identify muon candidates by providing
a projective view of their tracks. This is assisted by muon chambers that surround the
HCAL, of which one double-layer was installed for the runs used in this analysis. They
are also constructed of streamer tubes at a 1cm pitch, with two coordinates read out for
each layer from cathode strips parallel and perpendicular to the wires.

The triggers for hadronic Z decays are described in detail elsewhere [5]. They depend
on the energy deposited in the ECAL or a correlation between a track in the ITC and
signals in the corresponding sectors of the ECAL or the HCAL.

3 Event selection

The event selection requirements are intended to select semileptonic B decays. They follow
quite closely those used for the analysis of heavy flavour production, discussed in detail in
Reference {6]. Only the salient features are described here.



Firstly hadronic events are selected by requiring that at least five tracks from the
interaction region are reconstructed in the TPC, with a total visible charged energy greater
than 20 % of the centre-of-mass energy. This has an.efficiency of 95% and a background
from 7+r~ and two-photon events of 0.3 %, determined using Monte Carlo data. Next,
electrons and muons are identified; the strategy for each will be considered in turn.

Electron identification is achieved using two independent measurements: the energy de-
position in the ECAL and the dE/dz in the TPC. For the ECAL, two selection variables
are defined to measure the extent to which the energy deposited close to the extrapolated
track conforms to that expected of an electron. The first compares the measured mo-
mentum to the energy deposited in the four towers closest to the extrapolated track; the
second depends on the mean position of the longitudinal energy deposition, as determined
using the segmentation of the ECAL readout into three stacks in depth. These variables
are required to be within 3 standard deviations of the value expected for an electron. For
the TPC, the measured dE/dz of a track is defined as the 60 % truncated mean of the in-
dividual wire measurements, where at least 80 isolated wire hits are required. The dE/dz
is required to be within 2.5 standard deviations of the value expected for an electron.

A background to the prompt electron signal comes from photon conversions and #°
decays; this is reduced by rejecting candidates if they form an invariant mass of less than
20 MeV/c? when paired with any oppositely charged track that is consistent with coming
from a common vertex (i.e. with a distance of closest approach less than 1cm in space).
A second background arises from hadron misidentification; this is measured from the data
using the independence of the dE/dz and ECAL electron selection techniques [6]. The
efficiency of the ECAL electron identification is measured to be 80 4+ 2% using electrons
from photon conversions at the chamber walls that separate the ITC and TPC. With the
additional dF/dz requirement, the efficiency drops to 60-70%, depending on the p and
pr of the track.

Muon identification relies on the digital streamer chamber readout of the HCAL and
muon chambers. The cuts are designed to select penetrating tracks: a cone three times
the rms displacement due to multiple scattering is defined around each track extrapolated
through the HCAL, and muon candidates are selected according to the number of fired
planes within that cone. A plane is considered to have fired if between one and four
adjacent streamer tubes give hits, and candidates are required to have at least nine fired
planes, with at least four of the last ten and one of the last three planes fired. For the data
taken in 1989 only the HCAL barrel is used as the HCAL end caps and muon chambers
were not fully operational; they are, however, included for the 1990 data, with the muon
chambers providing an extra 3D point. The angular region 0.64 < |cosé| < 0.68 (at the
overlap between the barrel and endcaps of the HCAL) is excluded for this analysis, as the
limited instrumentation in this region leads to a higher level of background.

Backgrounds to the prompt muon signal come from charged pion or kaon decays which
give nonprompt muons that satisfy the selection requirements, and from hadron misiden-
tification. This may take the form of sail-through, where a hadron crosses the whole
calorimeter without interacting, or punch-through, where an interacting hadron produces



one or more secondaries that exit the calorimeter within the multiple scattering cone.
Punch-through is reduced by cutting on the number of hits in excess of those expected for
a muon, lying within 25 cm of the candidate track. The efficiency of the muon selection is
measured to be 83 £ 3 %, determined using dimuon events with correction from the Monte
Carlo simulation to account for the presence of hadrons.

Quality cuts are next applied to the tracks of the electron and muon candidates. The
momentum is required to be greater than 5GeV /e, which helps reduce both multiple
scattering and the background from nonprompt leptons. At least five ITC hits and ten
TPC hits are required, and the distance of closest approach of the track to the interaction
point must be less than 5mm in the r¢ plane, and less than 3 cm along the beam axis.
Only well fitted tracks are retained by requiring that the x* per degree of freedom of the
track fit is less than 3. Finally tracks are rejected that are compatible with coming from
the decay of a K° or A by rejecting those which form an invariant mass within 30 MeV/c?
of these particles, when paired with any oppositely charged track that is consistent with
coming from a common vertex.

Jets are then defined using all charged tracks in the event with momentum greater
than 200 MeV /¢, using the scaled-invariant-mass clustering algorithm [7]. The transverse
momentum of the lepton is determined relative to the jet axis, after first subtracting the
lepton’s momentum vector from the jet. The large mass of the b quark leads to a higher
pr on average for leptons from B decays than for those from particles containing lighter
quarks, so B candidates are selected with a cut on the lepton pr. For a cut at pr > 2GeV/c
there remain 2973 lepton candidates: 1215 electrons and 1758 muons. The B purity is
estimated on the basis of Monte Carlo simulation to be about 73 %.

4 Impact parameter measurement

The impact parameter of a track, §, is its distance of closest approach to the production
vertex. The measurement of the production vertex position using tracks on an event-
by-event basis is difficult in B events since a large fraction of the tracks originate from
secondary vertices, and those that remain have low average momentum and suffer from
substantial multiple scattering. Instead the centroid of the beam spot—the area over which
the e* and e~ beams interact—is used as an estimate of the production vertex, determined
over the period of a LEP fill. Since both the track resolution is best and the beam spot is
smallest in the r¢ plane, the impact parameter is projected onto this plane.

To form a variable which is sensitive to the lifetime, the impact parameter is signed
according to the topology of the event, as illustrated in Figure 1. The direction of the
parent B hadron is estimated using the jet axis. If the apparent flight distance of the
parent hadron—the distance from the beam spot centroid to the point at which the lepton
track crosses the jet axis—is positive, then the impact parameter is signed positive, and
vice versa. Negative values can result from the finite tracking resolution, and can also arise
if the jet axis does not reproduce the parent hadron direction well.



The position of the beam spot is determined by studying the distance of closest approach
of tracks to the coordinate origin in the r¢ plane, do. This quantity is signed according
to the sign of the angular momentum component of the track along the beam axis, and in
the absence of track distortions should have a distribution centred on zero. A value for the
mean of the distribution of do = 0.4+ 1.9 um is found for the tracks used in the resolution
studies described below, indicating that any residual track distortions are small. If the
beam spot is not centred on the coordinate origin, dy has a sinusoidal dependence on the
azimuthal angle ¢. This is extracted from a least-squares fit, using all tracks in a fill with
p>2GeV/c and |cos @ | < 0.80. From the parameters of the sinusoid, the position of the
beam spot centroid can be calculated, with a precision of ogeam ~ 30 #m for a typical fill.

As the centroid of the beam spot is taken as the estimate of the production vertex, the
size of the beam spot will contribute to the error on the impact parameter measurement.
For the optics of the LEP machine, the beam spot is expected to be elliptical in shape,
with the horizontal width much greater than the vertical, due to synchrotron effects; the
predicted dimensions are oy = 200 um and oy = 10 um, respectively. These dimensions
can be checked using the data, by studying the variation with ¢ of the width of the
do distribution measured for tracks in hadronic events. Horizontal tracks (¢ ~ 0°) will
see only the vertical size of the beam spot, whilst vertical tracks (¢ ~ 90°) will see the
larger horizontal size, and their dy distribution will therefore be broader. Subtracting in
quadrature the tracking error from the width of the dy distribution gives a measure of
the beam spot size, and a clear dependence on ¢ is seen, compatible with the expected
dimensions. These values are therefore assumed in the analysis that follows, although
as will be seen the result is relatively insensitive to the exact choice. The small size
of the beam spot is another advantage of LEP over previous e*e™ machines for lifetime
measurements.

The error on the measured impact parameter, o5, thus has contributions from the
following sources: the tracking error ¢ic, which is taken from the covariance matrix
of the track fit; the uncertainty on the beam spot centroid ¢j..m; the size of the beam
spot, with horizontal and vertical components ¢g and oy; and finally a contribution from
multiple scattering in the material between the beam axis and the first measured point
of the track in the ITC. The knowledge of the distribution of this material has been
checked by studying the number of reconstructed photon conversions as a function of their
materialization radius, which is found to be in good agreement with expectations. Using
this knowledge of the distribution of material, the contribution from multiple scattering is
calculated and is found to be small: #ys ~ 30 um for tracks with momentum greater than
5GeV/c. Thus:

2 __ .2 2 2 2 .2 2 2
T = Tirack + T ps + T heam + Og s ¢ + Oy COS Qb . (1)

After these sources of error on the measured impact parameter have been taken into
account, any remaining uncertainty is corrected in an average sense using the resolution
function described below.

The impact parameter distribution for the selected B candidates is shown in Figure 2.



It is clearly skewed to positive values, with a mean of 142 + Tum. The B lifetime is
extracted from a fit to this distribution, described in the next section.

5 Extracting the lifetime

An unbinned maximum likelihood fit is made to the impact parameter distribution, with
contributions to the fit for the background sources as well as for the B signal. Wherever
possible the data are used to determine the various contributions, in particular for the
experimental resolution, although since the B decays are not fully reconstructed it is
necessary to determine the underlying impact parameter distribution using Monte Carlo
data. The Monte Carlo events were generated with a simulation of initial and final state
radiation in the reaction e¥e~ — Z — gq [8], using the Lund model to simulate the parton
cascade and hadron production [9]. The fragmentation of b and ¢ quarks is described
by the parameterization of Peterson et al. [10], and an updated decay scheme is used for
charm and B mesons [6]. The Monte Carlo includes a detailed simulation of the ALEPH
detector. For most of the studies mentioned here, a sample of 220,000 simulated hadronic
decays was used. '

The lifetime analysis follows quite closely that of Reference [11]. Five sources of the
lepton candidates are considered:

1. Direct B decay;
2. Cascade B decay (via charm);
3. Direct charm decay;

4. Misidentification background: where a hadron has mimicked a lepton, as described in
Section 3.

5. Decay background: true leptons but nonprompt, 7z.e. decays in flight and photon
conversions.

The probability f. that a lepton candidate comes from each of these sources (identified
using subscripts ¢ = b, bc, ¢, mis and dec respectively) is determined as a function of
the p and pr of the track by a fit to the observed (p,pr) spectrum, with the b and ¢
fractions and fragmentation allowed to vary freely [6]; this analysis has been updated to
take account of the running conditions over the full data-taking period. The p and pr
distributions are found to agree well between the Monte Carlo simulation and the data.
The fitting function P for each event is then taken as the sum over the various sources
of the probability that the lepton comes from a given source times a probability density
function P, which describes the expected distribution of impact parameters for that source:

P=SfP.. (2)



The probability density functions P, will now each be considered in turn; their value will
depend on the impact parameter and its error, and in the case of the prompt sources (b,
be, ¢) also on the lifetime of the parent hadron. '

Firstly for the misidentification background, the distribution P,,, is determined using
the data. Tracks are selected that satisfy all of the selection cuts used for the lepton candi-
dates, ezcept that they fail the lepton identification. The impact parameter distribution of
these tracks is shown in Figure 3 (a). It has a positive bias since tracks from B and charm
decays are included, and has tails from K% and As that have survived the cut intended
for their rejection. The mean of the distribution is 33 £+ 3 um, which agrees with the value
of 36 um found for Monte Carlo events. The tracks are then weighted with the probability
fmis that they would contribute to the misidentification background, and a fit is made to
the impact parameter distribution, of a Gaussian plus exponential tails. The fit is used as
a parameterization for P,;,.

The decay background distribution is expected to be broader than P, since for ex-
ample decays in flight give rise to kinked tracks that introduce an extra contribution to
the impact parameter. This has been studied using Monte Carlo data: 15,000 events were
generated with a single pion or kaon that is forced to decay before leaving the TPC, with
a decay probability that is constant with distance. Their reconstructed tracks are required
to satisfy the track quality cuts used for the lepton candidates, and the impact parameter
of the muon from the decay is determined, signed with respect to the original hadron
direction. Real hadronic events are then taken, and their tracks are replaced in turn with
each of the simulated tracks that has corresponding generated momentum. The pr of the
original track, measured relative to the associated jet as for the lepton candidates, is scaled
by the ratio of the reconstructed to generated momentum for the simulated track, and the
track is kept only if it then satisfies p > 5 GeV /c and pr > 2 GeV/c. Next, the sign of the
impact parameter must be determined: if the angle in the r¢ plane between the jet axis
and the hadron is smaller than the angle between the decay muon and the hadron, the
impact parameter keeps its original sign; otherwise the sign will change for half the events
on average, so both signs are kept with a weight of 0.5. The tracks are then weighted
with their real decay probability, and with the probability f4.. that they would contribute
to the decay background, and the resulting impact parameter distributions for kaons and
pions are combined assuming a K/ ratio of 36 3: 7%. The resulting distribution is shown
in Figure 3(b); a fit is made of a Gaussian plus exponential tails, which is used as the
parameterization for Pj... This procedure has been checked using the sample of 220,000
hadronic Monte Carlo events: the lepton candidates that pass all of the B selection cuts,
and are identified (using the generator-level information) as coming from the decay back-
ground, have an impact parameter distribution that is found to be compatible with the
Pg.. parameterization. This sample also includes electrons from photon conversions, which,
however, only account for 20 % of the decay background for the p and pr cuts used.

For the prompt lepton sources, the contributions to the impact parameter distribution
are separated into the convolution of an ‘underlying’ impact parameter distribution with



a resolution function, allowing the resolution to be determined from the data:
Py = Fy(6,cm) @ R(6,05) , (€= b,bec,c). (3)

The underlying impact parameter distribution F; contains the dependence on the parent
hadron lifetime 7, and is determined from the Monte Carlo simulation. Events are selected
that contain prompt leptons using the Monte Carlo generator-level information, and the
lepton tracks are required to satisfy the selection cuts used for the real data. The true
impact parameter of the lepton is determined relative to its production point (i.e. using the
generated rather than reconstructed track), and to incorporate the possibility of sign errors
it is signed using the measured jet axis. This distribution scales with the lifetime 7, and
can therefore be expressed as a function of §/c7y, avoiding the need for Monte Carlo data
generated with different input lifetimes. For the charm source an average value of 0.70 &
0.20 ps is taken as the scaling lifetime, calculated bearing in mind the lifetimes, semileptonic
branching ratios and expected relative production rates of the various charmed particles.
For both the direct and cascade B sources the scaling lifetime is taken as 7p, left as a
variable parameter in the fit; for the cascade case this is justified since the initial B decay
makes the dominant contribution to the impact parameter. A typical distribution is shown
in Figure 3{c). A fit is made to the distributions using four exponential components, and
is used as the parameterization for the underlying impact parameter distribution, in this
case F;. The distribution has a mean of 167 um, whilst for F. the mean is slightly greater,
171 pm, and for F, it is considerably smaller, 18 um; in the absence of impact parameter
sign errors (i.e. if the direction of the parent hadron was known exactly) the corresponding
values would be 197 pm, 221 pm and 113 pm respectively.

Finally the resolution function R(8,0s) must be determined. The error on the impact
parameter o5 is calculated using the expression in Equation (1). The ratio §/o;s for tracks
from the interaction point should be normally distribuied if the tracking errors are fully
understood. To check if this is the case, tracks are used that satisfy all of the selection
requirements for the lepton candidates, except lepton identification. These will still contain
lifetime information, as was seen for the misidentification background; to avoid this, tracks
are selected that have a pr vector pointing substantially out of the r¢ plane. Then their
projected impact parameter should only be the result of resolution effects {11]. This is
achieved by requiring that the polar angle of the track’s pr vector, fr, satisfies |sin 87| <
0.5. The resulting distribution is shown in Figure 3 (d); the fit is of two Gaussians, which
are well centred, indicating that lifetime information has indeed been reduced for the
selected tracks. The central width is 1.07, close to ideal, but there are significant tails, at
the level of 10 %, with width 2.6. These tails can come for example from the confusion of
overlapping tracks, and they are taken into account by using the fit as a parameterization
for R. The effect of bremsstrahlung on the electron tracks has been investigated, and
following Monte Carlo studies the contribution of the tails to the resolution function is
increased by 5 4- 3% for electrons.

All of the parameterizations necessary for the lifetime fit have now been determined.
Since those for Fy and R are formed from Gaussian and exponential functions, their con-
volution can be calculated analytically. From Equations (2) and (3) the fitting function



for event i is given by:
P = f,Fy(8,crs) ® R(§,0}) + fr Fuc(&,c78) ® R(&,05) +
FFo(8) ® R(8',05) + frmis Pmis(8°) + faec Paec(8*) . (4)
A likelihopd function £ is constructed as the product of the fitting functions for all events,
L =1]I; P*, and a fit is made by minimizing —log £. A single free parameter remains in
the fit, 73, and the result is 75 = 1.289 ¥3.0:2 ps. The contributions to the fit from the

different lepton sources are displayed in Figure 4; the fraction of the sample from each of
the sources is 66 % from b, 7% from be, 10% from ¢, 13 % from mis and 4 % from dec.

6 Checks and systematic errors

Several checks have been made of the measurement; the values obtained for the lifetime
for different selection criteria are listed in Table 1. The analysis has been performed for
the electron and muon candidates separately, and the lifetimes measured are found to be
consistent. Similarly separation according to the sign of the lepton charge, or selection
of tracks from a restricted region in the azimuthal angle (|sin¢| < 0.5, where the effect
of the beam spot size is small), show no bias. The lifetime has also been measured for a
sample selected with a lower cut on the pr of the lepton track, pr > 1GeV/¢, and the
result agrees well with that for py > 2 GeV/c. Although the statistical error is smaller for
the sample with the lower pr cut, there is a larger systematic error due to the higher level
of background.

As a further check of the method, the impact parameter distribution for tau leptons has
been studied. The selection of Z — 77~ events is described elsewhere [12]; a sample of
4534 candidates are selected for the lifetime analysis, with 1:1 and 1:3 prong topology. The
impact parameter distribution, measured with all tracks, has a mean of 44 4+ 3 um. This
agrees well with the expected value of 46 um, determined using a Monte Carlo simulation
with the tau lifetime set equal to the world average value.

Monte Carlo datasets have been generated with various input B lifetimes, from 0.0 ps to
2.6 ps, and have been passed through the full B lifetime analysis. In each case, the lifetime
obtained is found to be compatible with that input, providing a check of the consistency
of the procedure. For example, for the 220,000 hadronic events generated with an input
lifetime of 1.3 ps, a value of 75(MC) = 1.28 £ 0.05 ps is obtained.

Various possible systematic errors have been considered. The lepton source fractions
f. have some uncertainty; these uncertainties are determined from the fit to the inclusive
lepton spectra, and are propagated through the lifetime analysis to evaluate their contri-
bution to the systematic error by extending the lifetime fit to allow the source fractions to
vary: f, = (1+ €.)f2, where €, describes the extent to which the fraction changes from its
nominal value f2. This variation is constrained according to the errors on f. by adding a
quadratic term to the negative log-likelihood function:

1
—log L — —log £ + 3 ) " €.Cuyéy (5)
o,y



where C,, is the covariance matrix for the source fractions. Thus the single parameter fit
is extended to six parameters: 75 and the five fractions f.. As a result the error on 75
increases, and that increase, in quadrature, is taken as the contribution to the systematic
error of the lepton source fraction uncertainties. This same technique is used to account for
the uncertainty associated with the various parameterizations used in the lifetime fit: P,,,
Py, Fy, Fy., F, and R. The parameters of each of the functions is allowed to vary in the
fit, within its errors, using the full covariance matrix to include the effect of correlations
between the different parameters.

There is a further contribution to the systematic error from the uncertainty on the K /7
ratio for the decay background. The errors on the assumed average charm lifetime, and
the enhancement to the tails of the electron resolution function due to bremsstrahlung,
also make contributions. The beam spot dimensions used were varied by +50 %, but the
result was found to be relatively insensitive to such changes, due to their compensation on
average by the resolution function. To check the effect of errors on the beam spot position,
the position used was changed by 50 um and the change of the measured lifetime taken as
a systematic error. Finally, the B fragmentation affects the lifetime in two ways: it affects
the lepton source fractions, as has already been taken into account in the uncertainty on
those fractions, and there is a small residual dependence of the impact parameter on the
B momentum. This effect depends on the fragmentation parameter Zp = Eg/FEjeam (the
ratio of the mean B hadron energy to the beam energy), and from a simple consideration
of the decay kinematics one can estimate:

Aé (PT )2 Azp
) Pr TB

(6)

where Aé is the uncertainty on § induced by an uncertainty on Zp of AZp, and py, is the
longitudinal momentum. The value Zp = 0.67 +-0.04 {6] is taken, and leads to only a small
systematic error contribution {in contrast to previous measurements performed at lower
energies, where the sensitivity to uncertainty in the fragmentation is greater).

The contributions to the systematic error are summarized in Table 2. They are combined
in quadrature to give a total systematic error of 0.10 ps.

7 Conclusion

A measurement of the average B hadron lifetime has been performed using the data taken
by the ALEPH experiment at LEP over the period 1989-1990. From a total of about
170,000 hadronic Z decays a sample of 2973 B candidates is isolated by selecting identified
leptons with pr > 2GeV /c. The B lifetime is extracted from a maximum likelihood fit to
the impact parameter distribution of the lepton tracks, giving a value:

78 =1.29 + 0.06 £ 0.10ps , (7)

where the first error is statistical and the second systematic.
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Selection : o Nevent TB [pS]

Standard - 2973 | 1.29 £+ 0.06
Electrons 1215 | 1.27 4+ 0.09
Muons 1758 | 1.30 + 0.07

Positive charge 1515 { 1.22 £+ 0.08
Negative charge | 1458 | 1.35+ 0.08
|sin¢| < 0.5 1045 | 1.34 £ 0.09
pr >1GeV/e 6218 | 1.27 +0.04

Table 1 Measurements of the B lifetime for different B candidate selections, as defined
in the text. ‘

‘Parameter Oays [PS)
Lepton source fractions f, 0.050
Misidentification background Pp,;, 0.010
Decay background Py, : 0.035

Underlying impact parameter F; 0.050
Underlying impact parameter Fj, 0.010
Underlying impact parameter ¥, | 0.010

| Resolution function R 0.040
Bremsstrahlung | 0.030
Average charm lifetime 0.015
Beam spot size L 0.005
Beam spot position 0.015
B fragmentation - 0.010
Total _ 0.100

Table 2 Contributions to the systematic error.
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Figure 1 Definition of the impact parameter §, in the plane transverse to the beam axis.
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Figure 2 Impact parameter of lepton tracks that pass the B selection requirements.
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is of tracks, with a linear scale, whilst the lower is normalized to the number of tracks
with a superimposed fit and logarithmic scale. (a) Impact parameter of hadron tracks; (b)
impact parameter of decay background tracks; (c) underlying impact parameter of leptons
from B decays, determined using the Monte Carlo; (d) impact parameter divided by its
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Figure 4 Impact parameter of lepton tracks that pass the B selection requirements, with
the result of the lifetime fit superimposed. The contributions to the fit from the different
lepton sources are shown.
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