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E ditor: K . W in ter

T he average lifetim e o f b  had rons has been  m easured using the  L3 detecto r at LEP, running  at y/s «  Mz- A b- 
enriched sam ple was ob ta ined  from  432 538 had ron ic  Z events collected in  1990 and 1991 by tagging electrons an d  
m uons from  sem ileptonic b had ron  decays. F rom  m axim um  likelihood fits to the  electron and  m uon im pact param eter 
d istribu tions, the  average b h ad ro n  life tim e was m easured  to  be i b =  (1535 ±  35 ±  28)fs, w here the first error is 
sta tistica l an d  the second includes b o th  the experim ental an d  the theoretical system atic uncertainties.

1. Introduction

1 S upported  by the G erm an  B undesm in iste rium  fur 
Forschung u n d  Technologie.

2 S upported  by  the  H ungarian  O T K A  fund  un d er con tract 
num ber 2970.

The measurement of the lifetimes and semileptonic 
branching ratios of b hadrons enables the determina
tion of the Cabibbo-Kobayashi-Maskawa matrix el
ement |J^b|. Measurements of the average b hadron 
lifetime rb have previously been made at PEP [ 1 ] s

476



Volume 317, number 3 PHYSICS LETTERS B II November 1993

PETRA [2], and LEP [3,4].
In this analysis t b has been measured using a sam

ple of 432 538 hadronic Z decays recorded during the 
1990 and 1991 LEP runs with the L3 detector. A sam
ple of events was selected which was enriched with b 
hadrons decaying semileptonically to either an elec
tron or a muon. The average b hadron lifetime was 
then obtained from a likelihood fit to the projected 
impact parameter distribution of the lepton tracks. A 
general description of the impact parameter method 
may be found in ref. [5]; this analysis is described 
in more detail in ref. [6], The measured b lifetime 
is an average of the lifetimes of the different types 
of b hadron produced in Z decays, weighted by their 
relative production rates and semileptonic branching 
ratios. Due to the higher statistics and the improve
ments in the analysis method, detector understand
ing, and the treatment of the tracking resolution, this 
measurement supersedes the previous L3 result [4],

2. The L3 detector

The L3 detector is described in detail in ref. [7], 
The central tracking chamber is a Time Expansion 
Chamber (TEC) consisting of two coaxial cylin
drical drift chambers with 12 inner and 24 outer 
sectors [8 ]. The Z-chamber surrounding the TEC 
consists of two coaxial proportional chambers with 
cathode strip readout. The electromagnetic calorime
ter is composed of bismuth germanate (BGO) crys
tals. Hadronic energy depositions are measured 
by a uranium-proportional wire chamber sampling 
calorimeter surrounding the BGO, Scintillator tim
ing counters are located between the electromagnetic 
and hadronic calorimeters. The muon spectrometer, 
located outside the hadron calorimeter, consists of 
three layers of drift chambers measuring the muon 
trajectory in both the bending and the non-bending 
planes. All subdetectors are installed inside a large 
magnet which provides a uniform field of 0.5 T.

The TEC has a projected impact parameter res
olution of 109/im for tracks in dilepton events, a 
transverse momentum resolution of ff(l//?TEC) = 
0.022/GeV, and an azimuthal angular resolution of
1 mrad at the face of the BGO. The BGO energy reso
lution for electrons of more than 1 GeV is better than 
2% and the space angle resolution is approximately

3 mrad. At 45 GeV the muon chamber momentum 
resolution is 2 .8%.

3. Inclusive lepton selection

Events were required to satisfy the online trigger 
and offline hadronic event selection criteria [9]. For 
the combined 1990 and 1991 data samples, 432 538 
events passed the hadronic selection cuts with an ef
ficiency of better than 99% and negligible contamina
tion. Requiring in addition that the BGO calorimeter 
and muon chambers were fully operational resulted in 
samples of 412460 and 407 534 hadronic events for 
the electron and muon analyses respectively.

Electron candidates were required to be in the BGO 
barrel (|cos0 | < 0.69) and to have a lateral BGO 
shower shape consistent with an electromagnetic en
ergy deposit. The BGO cluster and TEC track had to 
match in azimuth to within 5 mrad ( «  3 standard 
deviations) to ensure that the cluster was caused by 
a charged particle. The energy of a hadron shower 
in the BGO is, under the electron hypothesis, typi
cally half the true hadron energy. The hadronic back
ground was therefore strongly suppressed by requir
ing that the transverse BGO energy and the transverse 
momentum of the TEC track match to within 3 stan
dard deviations. The energy deposited in the hadron 
calorimeter within a cone of half angle 7° around the 
BGO cluster was required to be less than 3 GeV. This 
cut further suppresses the hadronic background and 
rejects photons from n°/t\ decays which are accom
panied by a charged hadron. The background from 
photon conversions is relatively low due to the small 
amount of material preceding TEC ( ~  1% of a radi
ation length).

Muon candidate tracks in the muon spectrometer 
were required to have hits in at least two of the three 
r<f) layers and at least one of the two z  layers. The 
dominant background of punchthrough hadrons was 
suppressed by requiring the muon chamber track to 
point towards the primary vertex and to match in the 
r</> plane with a TEC track to within 75 mrad. The 
background from decays in flight {n± /K ± —► ji± ) is 
relatively low due to the small diameter of TEC. Con
tamination due to cosmic rays which coincide with 
a genuine hadronic event was reduced to a negligible
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T able  1
C om position  o f  the  inclusive electron  and  m uon  sam ples.

4. Lifetime fitting method

F raction , ƒ}, o f  the  to ta l sam ple E lectrons M uons

/ b (p ro m p t b t) 80.3% 79.9%
f bc (cascade b —► c, t , J , c -► t ) 7.3% 6.8%
/ c (p ro m p t c —► i  ) 3.2% 4.5%

(background) 9.2% 8.8%

level by scintillator timing cuts and the vertex match
ing requirements.

The tracks of electron and muon candidates were 
required to have hits in both the inner and outer 
TEC sectors and to have azimuthal angles larger than 
30mrad and 15mrad from the inner and outer TEC 
anode planes respectively to remove tracks in the low 
resolution drift gaps of TEC. The characteristically 
hard fragmentation and high mass of b quarks was ex
ploited to enhance the b purity of the sample. Selected 
electrons and muons had to have an energy of more 
than 3 GeV. The momentum transverse to the near
est jet, P j l} was required to be greater than 1.0 GeV 
and 1.4 GeV respectively for electrons and muons.

After applying these selection criteria 2998 electron 
and 4359 muon candidates remained. The composi
tions of the inclusive lepton samples were estimated 
using a sample of approximately 1.2 x 106 hadronic 
Z events which were generated using the JETSET 
7.3 Monte Carlo [10] passed through the L3 detector 
simulation program#1 and then fully reconstructed. 
JETSET was tuned to reproduce the inclusive lepton 
spectra, measured by ARGUS and CLEO [13] at the 
Y (4S) resonance and by DELCO and MARK III [ 14 ] 
at the ^(3770) resonance, by adjusting the rates of 
D ** and K* mesons produced in b and c decays. This 
also partially corrected the inadequate Monte Carlo 
modelling of multibody final states in b and c decays. 
Table 1 summarises the compositions of the inclusive 
lepton samples. The prompt and cascade b decays, 
which constitute 87% of the sample, are both sensi
tive to Tb.

#1 T he L3 de tec to r sim ulation  program  is based  on the 
G E A N T program  [11 ]. H ad ron ic  in te rac tions in the de
tec to r w ere m odelled  using G H E ISH A  [1 2 ]. Events were 
corrected  for the  TEC, B G O  and m uon  cham ber ineffi
ciencies ob ta ined  from  the data.

Fig. 1 illustrates the definition of the impact param
eter S used in this analysis. It is defined to be the per
pendicular distance of the lepton track from the cen
troid of the LEP beam intersection region, projected 
onto the plane normal to the beam where the beam 
spot size and the tracking errors are relatively small. In 
the highly relativistic limit, S is approximately inde
pendent of the momentum of the b hadron and scales 
with the proper lifetime. The b hadron direction of 
flight was approximated, to an accuracy of better than 
2.5°, by the thrust axis of the jet closest to the lep
ton. The sign of S was taken to be positive if the an
gle between the jet axis vector and the vector joining 
the beam centroid and the projected b decay point 
was less than 90°, otherwise it was taken to be nega
tive. For particles from the primary event vertex, S is 
zero on average with a symmetric spread due to the 
experimental resolution and the beam spot size. For 
the decay products of b hadrons and other long-lived 
particles S is on average positive.

The b hadron lifetime was obtained from an un
binned maximum likelihood fit to the measured im
pact parameter distribution with rb as the only free 
parameter. The likelihood for each track is a sum of 
the probability distributions for the four components 
of the sample weighted by their relative fractions (as 
given in table 1). The total likelihood function, £ (  t b), 
is then

Fig. 1. D efin ition  o f the lep ton  im pact param eter, ô .
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£(Tb)
i lepton 
candidates

i/b^b(fb! St) +  fbcVbc^b, Si)

+ f'Vc(Si)

(1)

'Pby T̂bc» and T̂c are the impact parameter distribu
tions for the prompt, cascade and charm components. 
They include the effects of lifetime and the occasional 
mis-signing of 8 , due to the approximation of the b 
hadron direction by the je t axis, but not the beam 
spot size nor the track measurement errors. P b} Pbc, 
and Vc are known collectively as the underlying dis
tributions. H  is the track-by-track impact parameter 
resolution function which depends on the track az
imuthal angle the momentum p ^ c transverse to 
the beam, and the impact parameter error from the 
track fit crflt /. B is the impact parameter distribution 
for background tracks. The resolution function and 
the underlying and background distributions are de
scribed below. Separate fits were made to the impact 
parameter distributions of the inclusive electron and 
muon samples for all measured impact parameters in 
the range \S\ < 5 mm.

The underlying distributions were obtained by 
applying the inclusive lepton selections to JETSET 
Monte Carlo event samples. To reduce uncertainties 
from limited Monte Carlo statistics, the hadronic 
event sample was supplemented by two additional 
samples, each of 105 Z —► bb events. In one sam
ple either one of the b hadrons was forced to decay 
semileptonically to an electron and in the other sam
ple one b hadron was forced to decay to a muon. 
Each underlying distribution was parametrised sep
arately for the S < 0 and 3 > 0 regions by a sum 
of exponential functions. A correction for the effect 
of final state bremsstrahlung on the electron impact 
parameter was estimated using a modified version 
of the KORALZ Monte Carlo program [15] and 
applied to the inclusive electron sample.

5. Impact parameter resolution

The impact parameter resolution includes contri
butions from the beam spot size, the TEC resolution,

and multiple Coulomb scattering in the beam pipe and 
TEC inner wall. Systematic errors in the impact pa
rameter measurement were determined as a function 
of azimuthal angle using Bhabha and dimuon events. 
Applying the resulting corrections improved the av
erage impact parameter resolution from 117 ptm to 
109 ^m. These corrections were applied to all inclu
sive lepton tracks. The multiple scattering contribu
tion oms was parametrised in terms of /?tEC by: ^ms =  
K / p ? c , with k  = 97 ¿zm • GeV and 76/¿m • GeV re
spectively for the 1990 and 1991 detector configura
tions.

The position of the beam centroid was measured 
using tracks from blocks of 100 consecutive hadronic 
events, with an accuracy of 30 fim  in x  and y, using 
a method which was insensitive to secondary decays. 
The beam positions were then smoothed assuming 
that the beam drifts were continuous with occasional 
discrete steps due to beam orbit corrections. The re
sulting accuracy in the beam position was estimated 
to be 10 /an  in both x  and y.

The one standard deviation horizontal and verti
cal beam spot dimensions, cth and ay, were measured 
using Bhabha and dimuon events. The beam spot 
size was obtained from a fit to the variance of the 
impact parameter distribution as a function of az
imuthal angle, allowing for the contribution of the 
sector-dependent TEC resolution which was measured 
from the miss distance of pairs of tracks in dilepton 
events. The measured dimensions were <7h =  (157 ±  
3) ¡iin and ov = (23 ±  10) ¡im.

The impact parameter resolution is somewhat de
graded for tracks in multi-hadron events, compared to 
dilepton events, due to large angle multiple Coulomb 
scattering and the swapping or loss of hits due to 
neighbouring tracks. The resolution for the ith track 
was therefore parametrised by the sum of three Gaus- 
sians, with relative weights f j  and variances <rfj ( j  =  
1-3), which describe in turn the well-measured, the 
poorly-measured, and the pathological tracks:

f t  (S i ,  0 i , P t j C, tffii,, ) =  ^ 2  exp

3

with y v J = i .

si
2 a l  7 ’a

(2)
j =1

The /th impact parameter resolution for the /1h track,
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(Xijt was parametrised as follows:

a » » ij ajffau  +  (crH2 sin2 0/ +  (Tv2 cos 2<j>i)

TEC+ 0ms (3)

where the factors aj are corrections to the track fit im
pact parameter error, crrn>J , The calculation of was 
corrected on a sector-by-sector basis and as a func
tion of drift distance to ensure agreement with the im
pact parameter resolution measured in Bhabha and 
dimuon events.

The values of aj and f j  were determined using 
a sample of hadron tracks with similar kinematic 
and topological characteristics as the inclusive lep- 
ton tracks. This sample was selected from the full 
hadronic event sample by applying the inclusive 
electron selection cuts, except for those based on the 
shower shape and track-shower matching quantities. 
Cuts were then applied to these variables to reject 
rather than select genuine electron candidates. In this 
way a sample of “anti-selected” tracks was obtained 
with negligible contamination from semileptonic b 
and c hadron decays. The impact parameters of these 
tracks depend on the beam spot size, the TEC reso
lution and, for secondary decays, on the lifetimes of 
b, c, and long-lived hadrons. The impact parameter 
resolution also depends on the track length, number 
of hits, and /?tEC> as we^ as on the isolation from 
other tracks, i.e. and A0 to the nearest TEC track. 
Track weights wi were obtained which brought the 
normalised distributions of these five variables into 
agreement for the Monte Carlo anti-selected sample 
and the Monte Carlo prompt, cascade and charm 
selected lepton samples. The weights were obtained 
separately for electrons and muons, to allow for the 
isolation requirements implicit in the electron se
lection. Values for aj and f j  were obtained from 
an unbinned maximum likelihood fit to the impact 
parameters of the anti-selected sample, where the 
log-likelihood was defined as

3

InC(aj, fj)  = ^ 2  u ) , ln ( ^ ( /p +
/ tracks

® n  ( aj, f j  ; Si, (j) i, p t jC , 0f,t, / ) (4)

where f p =  0.75 and / s =  0.25 are the fractions of 
tracks from the primary event vertex and from sec-
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Fig. 2. T he im pact param eter d istribu tion  o f “anti-selected” 
tracks used to  ob ta in  the resolution correction param eters. 
T he po in ts are the data  and the solid line is the result o f  
the fit described in  the text. T he shaded region indicates 
the co n tribu tion  from  tracks originating from  the  prim ary  
event vertex.

ondary decays respectively. Pas is the underlying im
pact parameter distribution for secondary tracks in 
the anti-selected sample. The JETSET hadronic event 
sample was used to estimate fp, f s, and T^s. Only the 
negative impact parameter region was used in the fit 
in order to reduce the sensitivity to the Monte Carlo 
modelling of Vas. To correct for the difference in the 
Monte Carlo and measured b hadron lifetimes, the 
resolution and lifetime fits were performed iteratively. 
At each iteration a correction was applied to the un
derlying impact parameters of tracks from b decays 
which contributed to Vas.

Fig. 2 shows the impact parameter distribution of 
the anti-selected tracks and the result of the fit de
scribed above. The symmetric shaded region contains 
the contribution of tracks from the primary event ver
tex. The skewing of the full distribution to positive im
pact parameters is due to tracks from secondary ver
tices. The resolution correction parameters obtained 
from the fit are shown in table 2.
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T able 2
R esolu tion  correction  param eters.

f i
h
h

fli
a2

78.6%
19.7%
1 -  /i -  h
1.0 (fixed) 
2.18 
12.16

=  1.7%

6. Background impact parameter distributions

The normalised impact parameter distribution 
of the anti-selected data tracks was used to de
scribe the probability distribution B^{5) for the 
hadronic background in the electron sample. Be(3) 
was parametrised for the lifetime fit by a sum of 
Gaussians with exponential tails. The validity of this 
procedure was verified by fitting the Monte Carlo in
clusive electron sample for Tb using the actual back
ground tracks instead of the anti-selected tracks to 
describe the background distribution. The lifetimes 
resulting from the two fits were consistent.

Since no unbiassed anti-selection was possible for 
the muon sample, the impact parameter distribution 
Bfi (<5) of the muon background was obtained by con
volving the Monte Carlo underlying distribution of 
the muon background tracks with the resolution func
tion obtained from the data, on a track-by-track basis.

7. Lifetime fit results and consistency checks

The b lifetimes obtained from the electron and
muon samples are rb (1514 ±  52) fs and Tb
(1554 ±  48) fs respectively, where the errors are sta
tistical only. The electron and muon impact param
eter distributions and fit results are shown in fig. 3. 
The self-consistency of the full analysis chain was 
verified by analysing the JETSET hadronic events 
as if they were the data. The results obtained were 
rb =  (1278 zb 28) fs and r b =  (1318 ±  27) fs for the 
electron and muon samples respectively, in agreement 
with the Monte Carlo input lifetime of Tmc =  1310 fs.

Fig. 4 shows the lifetimes obtained from various 
subsamples of the data, described below. Samples 
were analysed with tighter cuts applied to /?xEC 
and |<5|. To check for TEC biases the tracks were
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divided into samples depending on whether they 
passed closer to the anodes ( 1st half) or the cathodes 
(2nd half) of the inner and outer TEC drift volumes. 
Similarly, subsamples were analysed according to the

481



Volume 317, number 3 PHYSICS LETTERS B 11 November 1993

polar angle, charge, and azimuthal angle of the tracks. 
The data collected in 1990 and 1991 were analysed 
separately. No significant biases are observed. The 
change in the measured lifetime for the 1990 data, 
compared to the previously published result [4], is 
mainly due to the improved understanding and treat
ment of the impact parameter resolution function.

8. Systematic errors

The contributions to the systematic errors in the 
b lifetime measurements for the electron and muon 
samples are shown in table 3. The third column shows 
the combined errors allowing for correlations, where 
appropriate, between the two samples. Except where 
otherwise stated, the systematic errors of r b were ob
tained by varying the appropriate quantities within 
their one standard deviation errors, as described be
low. Errors from statistical errors on fit parameters

T able 3
System atic errors in  the rb m easurem ent.

Source o f system atic erro r E rro r on r b (fs)

e pi e and  /1

± 8 ± 5  ± 6
± 1  ± 2  ± 2
± 1 2  ± 9  ± 1 0
± 5  ± 6  ± 5

± 3  ± 1  ± 2
± 1  ± 1  ± 1
± 1  ± 2  ± 1
± 9  ¿7 ± 8

± 1 4  ± 8  ± 1 0  
± 2  ± 2  ± 2

± 1  ± 2  ± 2

± 3  ±11 ± 6  
± 9  ± 4  ± 5

± 1 6  ± 1 6  ± 1 6  
± 4  ± 3  ± 4  
± 5  ± 5  ± 5

± 1 2  ± 9  ± 7  
± 1  ± 2  ± 1  
± 6  ± 4  ± 3

± 3 3  ± 2 8  ± 2 8

were estimated allowing for the full correlations be
tween parameters.

8.1. Production and decay o f  b and c hadrons

The Standard Model values for the partial widths 
for Z-*bb and Z—>cc were assumed: = (378 ±  
3) MeV, which is consistent with L3 measurements 
[16,17], and = (296 ±  10) MeV. The error in the 
b lifetime from the uncertainty in the b semileptonic 
branching ratio was estimated by varying the L3 mea
sured value of Br(b —► £v X)  = (11.9 ±  0.3(stat.) ±  
0.6 (syst.))% [17] within the statistical errors; the sys
tematic errors affecting this measurement are consid
ered explicitly below. An average charm semileptonic 
branching ratio of Br(c -> £vX)  — (10.3±1.2)% was 
assumed. The error includes the uncertainties in the 
production rates of D° and D± mesons, particularly 
from D* decays, D f  mesons and charmed baryons, 
and the errors on the branching ratios for these differ
ent hadrons. The b —* c/c —> £ fraction was varied by 
±  15% to allow for the uncertainties in the production 
and decay rates of c hadrons produced in b hadron 
decays. The error on the fraction of b —> t  —> £ de
cays was estimated assuming: Br(b —> t v X)  =  (4.1 ±
1.0)% [18], B r(r —► evQuT) =  (17.58 ±0.27)%  [19] 
and B r(r —> =  (17.93 ±  0.26)% [19], Simi
larly, for the decay b —► J —► £, the following branching 
ratios were varied: Br(b —> J +  X) = (1.3 ±  0.3)% 
[20] a n d B r ( J - ^ - )  = (5.91 ±0.23)%  [21].

To estimate the sensitivity of the analysis to the 
JETSET heavy quark decay model, the data were fit
ted using a JETSET Monte Carlo sample in which the 
decays of b and c hadrons were simulated with the 
EURODEC program [22]. The change in the b life
time sample was used to estimate the systematic error 
due to the JETSET decay model. The production rates 
of D** and K* mesons in b and c decays were tuned 
within JETSET to reproduce the CLEO/ARGUS and 
the DELCO/MARK III lepton spectra. The statisti
cal errors from these fits resulted in a 2 fs error on the 
measured lifetime. The uncertainties on the B* and 
B** production rates have been estimated to have a 
negligible influence on the sample composition [17]. 
The total error from the heavy quark decay model was 
estimated by combining the EURODEC, D**, and K* 
errors.

bb
r cl
B R ( b - 0
B R (c ^ )
B R (b —*c/c—
B R ( b -  z— )
B R (b-J-> 0
decay m odel

b fragm en ta tion  function  
c fragm entation  function

charm  h ad ro n  lifetim es

background  p aram etrisa tio n  
background fraction

reso lu tion  p aram etrisa tio n  
beam  spot size and position  
TEC  calib ra tion  system atics

underlying b —̂  fit 
underly ing c—>£ fit 
underly ing cascade fit

to tal
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8.2. Heavy quark fragmentation

The error on the b lifetime due to the uncertainty in 
the b quark fragmentation was estimated by reweight
ing the Monte Carlo events according to Peterson 
functions [23] corresponding to the ±1 a  variations 
in the fraction of the beam energy imparted to the 
b quark, { x e ) b =  0.689 ±0 .015  [17,20]. The string 
fragmentation model of JETSET was also compared 
with the cluster fragmentation model of the HER- 
WIG Monte Carlo [24]; to facilitate this comparison 
both programs used the EURODEC decay package. 
The change in the lifetime was within the error as
signed above. The effect of the c quark fragmentation 
function on the sample composition was estimated 
assuming a mean c quark energy fraction of (x e )c =
0.48 ±  0.04.

8.3. Charm hadron lifetimes

The shapes of the primordial distributions for the 
semileptonic decays of c hadrons depend on the life
times, production rates and semileptonic branch
ing ratios [19] of the different c hadrons produced. 
Varying these quantities within their errors, the 
mean charm lifetime was estimated to be (t c) = 
(690±  70) fs.

8.4. Background distributions

The error from the electron background parametri- 
sation was estimated by varying the fit parameters of 
the impact parameter distribution for the anti-selected 
tracks within their statistical errors. The error due to 
the muon background parametrisation included con
tributions from the statistics of the background un
derlying distribution and from the resolution func-

• tion parametrisation, including the error in the b life
time correction procedure. In addition, the electron 
and muon background fractions were each varied by 
± 10%.

8.5. Resolution function

The resolution corrections, aj and f j ,  were varied 
within their statistical errors allowing for correlations 
and the uncertainty in the b lifetime correction. The 
size of the beam spot was varied within the measure-

ment errors and the beam centroid positions for each 
block of 100 events were randomly smeared in x  and y  
with a Gaussian error of 30 /zm. The effects of system
atic TEC calibration errors were estimated by mea
suring Tb both with and without the impact parameter 
corrections.

8.6. Underlying distributions for prompt, cascade 
and charm decays

The parameters describing the underlying distribu
tions were varied within their statistical errors. Cor
recting for electron bremsstrahlung reduced the life
time obtained from the electron sample by 3 fs. The 
uncertainty in this correction was taken to be the full 
size of the correction.

9. Conclusions

In the 1990 and 1991 LEP runs 432 538 hadronic 
Z decays were recorded by the L3 detector at LEP. 
From these events, 2998 inclusive electron and 4359 
inclusive muon candidates were selected with a b pu
rity of 87%. The b hadron lifetime was obtained from 
fits to the lepton impact parameter distributions:

r b =  (1514±  52 ±  33) fs

(inclusive electron sample),

Tb = (1554 ±  48 ±  28) fs 

(inclusive muon sample).

These results were combined, allowing for correlations 
in the systematic errors, to give

Tb = (1535 ±  35 ±  28) fs ,

where the first error is statistical and the second is 
systematic. This value is an average of the lifetimes of 
the different b hadrons produced in Z decays weighted 
by their production rates and semileptonic branching 
ratios. It is in agreement with published data [1-3] 
and supersedes the previous L3 result [4].
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