
Z. Phys. C - Particles and Fields 48, 401 409 (1990) 
Zeitschrift ~ J # t i c ~  
ffir Physik C 

and F -= ls 
�9 Springer-Verlag 1990 

A measurement of the average lifetime 
of B-hadrons produced by e + e--collision at 

JADE-Col l abo ra t ion  

= 36.3 GeV 

J. Hagemann  2 a, R. Ramcke  1 b, j. Allison 5, K. Ambrus  3 c, R.J. Barlow 5, W. Bartel 1, S. Bethke 3, 
C.K. Bowdery  4, S.L. Cartwright  7a, J. Chrin 5, D. Clarke 7, A. Dieckmann a, I.P. Duerdo th  5, G. Eckerlin 3, 
E. Elsen 3, R. Felst  1, A.J. Finch 4, F. Foster  4, T. Greenshaw z, D. Haid t  1, J. Heintze 3, G. Heinzelmann 2, 
K.H. Hel lenbrand 3e, P. Hill 6f, G. Hughes  4, H. K a d o  1 g, K. Kawagoe  8, C. Kleinwort  2a, G. Knies 1, 
T. Kobayash i  8, S. K o m a m i y a  a h, H. Krehbiel  1, j. v. Krogh  3, M. Kuhlen 2 i, F.K. Loebinger  5, A.A. Macbe th  5, 
N. Magnussen  1 j, R. Marshal l  7, T. Mash imo  8, R. Meinke a, R.P. Middle ton 7 P.G. M u r p h y  5, B. Na roska  2, 
M. Nozaki  s, J.M. Nye  4k, J, Olsson ~, F. Ould-Saada : ,  H. Rieseberg 3, D. Schmidt l j, H. von der Schmitt  3, 
L. Smolik 3, U. Schneekloth 2 1, J.A.J. Skard 6 m, j. Spitzer a, p. Steffen 1, K. Stephens 5 A. Wagner  3, 
I.W. Walker  4, G. Weber  2, M. Zimmer  3, G.T. Zorn  6 

Deutsches Elektronen-Synchrotron DESY, D-2000 Hamburg, Federal Republic of Germany 
2 II. Institut ffir Experimentalphysik der Universitfit Hamburg, D-2000 Hamburg, Federal Republic of Germany 
3 Physikalisches Institut der Universitfit Heidelberg, D-6900 Heidelberg, Federal Republic of Germany 
4 University of Lancaster, Lancaster, England 
s University of Manchester, Manchester, England 
6 University of Maryland, College Park, MD USA 
7 Rutherford Appleton Laboratory, Chilton, Didcot, England 
s International Center for Elementary Particle Physics, University of Tokyo, Tokyo, Japan 

Received 19 July 1990 

Abstract. Data taken with an improved tracking system 
have been used to determine the average lifetime of B- 
hadrons, zB. A study of the pseudo decay length gave 

zB = (1.46 + 0.22 (stat.) _ 0.34 (syst.)) ps. 

From the impact parameter distribution of high p I elec- 
trons and muons, values of 

/1 2 +0.35 \ 
z B = ~ .  7_0.29-+0.17)p  s 

and 

=/1.36~ 0 32 \ 
-0127+0.14)  P s -c B 

were obtained. Combining these results, allowing for cor- 
relations and adding statistical and systematic errors in 
quadrature, we obtain 

=/1.36 + 0.25~ -c B - 0.23) ps. 
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I Introduction 

The average lifetime, zB, of hadrons containing a b quark 
provides important information on the b ~ c and b ~ u 
transition amplitudes which are fundamental parameters 
of the standard model. The lifetime differences of the 
various hadrons containing a heavy quark, Q, are ex- 
pected to decrease with increasing mass, mQ, such that 
~B to a good approximation [1] represents the inverse 
of the b-quark decay width Fb. 

Finite values of ZB, close to the upper limit previously 
obtained by the JADE experiment [2], were first mea-  
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sured by the MAC [3] and MARKII  1-4] experiments 
at PEP and were later confirmed by the JADE I-5] and 
TASSO [6] experiments at PETRA and by the DELCO 
[7] and HRS 1,8] experiments at PEP. A summary of 
the most recent results is given in Sect. V. 

In this article a new measurement of zB by the JADE 
collaboration is described. The data used were taken 
with an improved track measuring system during 1985- 
86. Two different methods were used to determine ZB. 
In the first method two pseudo decay vertices were deter- 
mined and the distance between the two used as a mea- 
sure of zB. The product of the boosted sphericities Er], 
which parametrizes the global event topology, was used 
to discriminate between b-quark and light quark produc- 
tion. The second method used the impact parameter of 
high momentum muons and electrons to determine zB. 
Both the transverse momentum of these leptons relative 
to the event axis and the boosted sphericity were used 
to select B-decays. The two methods have different sys- 
tematic uncertainties. The advantage of the first is that 
no a priori knowledge of the production vertex is needed, 
whereas the second is less dependent on the details of 
the fragmentation process. 

The organisation of the paper is as follows. The pseu- 
do decay length technique and the results obtained using 
it are described in Sect. III, the impact parameter method 
and the results so determined are presented in Sect. IV, 
and the results are summarized in Sect. V. A short de- 
scription of the apparatus and the data taking is given 
in Sect. II. 

II Apparatus and data taking 

The JADE detector is described in [9]. In 1984 it was 
equipped with a vertex chamber which was essentially 
an extension of the central jet chamber to smaller radii 
and replaced the former beam pipe counters. A more 
detailed description of the vertex chamber and the Flash- 
ADC read out system is given in 1,10]. These modifica- 
tions of the tracking system improved the accuracy of 
the track extrapolation to the origin by more than a 
factor of 2, resulting in extrapolation uncertainties for 
high momentum traacks of about 160 ~tm and of about 
500 gm for a track with a momentum of 1 GeV. These 
uncertainties are well reproduced by the Monte Carlo 
detector simulation program as shown in detail in [10]. 

The data used in the analysis presented here were 
taken with an active vertex chamber in 1985-86 at the 
c.m. energies listed in Table 1, where the number of 
events accumulated in this period and the number which 
passed the standard JADE multihadron selection criteria 
[11] are also given. Since a good reconstruction of the 
event axis was important for this analysis only events 
with Icos0[<0.75 were accepted, where 0 is the angle 
between the beam line and the sphericity axis. This cut 
minimizes uncertainties caused by particles escaping de- 
tection through the beam pipe. Furthermore we require 
at least 3 good charged particle tracks in each event 
hemisphere. The number of events satisfying these criter- 
ia is listed in Table 1. The further event selection differs 

Table 1. Parameters of the data and number of events passing the 
various selection cuts 

Data 1985 1986 

(]//s) [GeV] 41.5 35 
Int. luminosity [pb-  1] 21.2 85 

of multihadronic events 5295 26985 
With ] cos 0 ] < 0.75 3839 19 996 
> 3 tracks per hemisphere 2768 14 557 
2 good jet vertices 2456 12930 

for the two analyses and is discussed in the appropriate 
sections. 

The impact parameter method requires the position 
and extension of the luminous region to be known. The 
mean position of the interaction vertex was determined 
for each fill from a sample of collinear Bhabba events. 
It was assumed that the shape of the luminous region 
was constant for a given energy. The measured extension 
of the luminous region in the r-q5 plane, to which the 
beam direction is normal, is about 350 gm in the hori- 
zontal and about 50 ~tm in the vertical direction. For 
more details we refer to 1-10]. 

III Measurement of ~B by the pseudo decay length 

III.a The method 

The expected vertex structure from B-hadrons pair-pro- 
duced by e § e--annihilation is sketched in Fig. 1. The 
B-hadrons are produced, together with light fragmenta- 
tion particles, at the primary vertex; they then decay 
forming two secondary vertices. The B-hadrons decay 
dominantly into charmed particles, the decays of which 
lead to tertiary vertices. Since the resolution of the vertex 
detector was not good enough to identify and separate 
these vertices, more global techniques were used. 

Each event was separated into two hemispheres by 
a plane which included the interaction point and to 

Fig. 1. Typical vertex structure expected for B-hadrons pair-pro- 
duced in e + e--annihilation at PETRA energies 
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Fig. 2. Distribution of pseudo decay lengths l for u-, d-, s-quarks, 
c-quarks and b-quarks obtained from a Monte  Carlo simulation 
assuming z,  = 1.5 ps 

which the sphericity axis was normal. The tracks of each 
hemisphere were then used to determine two pseudo ver- 
tices. Only the projections of the tracks onto the r-q~ 
plane were used to fit the vertices, since in this plane 
the tracks are most accurately measured. Tracks were 
only accepted for the fit if they had hits in the vertex 
chamber, more than 12 hits in the central jet-chamber 
and if their distance in the r-q5 plane to the nominal 
interaction point was less than 8 ram. The two vertices 
were constrained to lie on the sphericity axis and the 
distance between them, the "pseudo decay length", I, 
was determined. It was given a negative sign if the vertex 
of one hemisphere was "behind" the vertex of the other 
hemisphere. 

Since the fragmentation of b-quarks is rather hard, 
only a limited number of particles are produced at the 
primary vertex in b b-events, and the length l is quite 
sensitive to ~B. This is demonstrated in Fig. 2 where the 
expected distributions of l are shown separately for uds, 
c and b quark production. These curves were obtained 
by Monte Carlo techniques assuming zB-- 1.5 ps and us- 
ing the Lund 5:2 event generator. The charmed particle 
lifetimes [21] were incorporated into the event generator. 

On average the b-events are clearly shifted towards 
larger l, but it is also evident that this shift is smaller 
than the experimental resolution. A good understanding 
of the resolution function is therefore important for a 
correct evaluation of ~B. 

iII.b Separation of b-production 

The sensitivity of the measurement of vB can be enhanced 
if the b-quark contribution to 1 can be separated from 
the contribution of the light quarks. The global event 
shape, which is sensitive to the quark mass, was used 
to discriminate between the heavy b and the light u-, 
d-, s- and c-quarks. For a quantitative measure of the 
event shape we follow [6] and use the product of boosted 
sphericities S t x $2. It was calculated as follows. The mo- 

menta of the particles in each hemisphere were boosted 
into a coordinate system moving approximately with the 
velocity expected for the center of mass of a b jet. The 
boost direction was along the event sphericity axis. The 
boost parameter 7 was chosen to optimize the separa- 
tion, its value was, however, not critical. At 35 GeV we 
used ? = 1.35, at 41.7 GeV y = 1.5. 

Figure 3 a shows the expected distributions of $1 x $2 
for b-quark and u, d, s, c-quark production. The b-events 
have in general a larger value of S~ x Sz and values of 
SI x Sz >0.25 are predominantly due to b events. The 
distributions in Fig. 3, obtained using the Lund model 
Monte Carlo simulation, were used for the discrimina- 
tion procedure discussed below. Figure 4a demonstrates 
that the sum of the two distributions in Fig. 3 a describes 
well the experimentally observed distribution. A further 
check of the model calculation is shown in Fig. 4b, where 
for a b enriched sample of semileptonic events, obtained 
as described in Sect. IV, the distribution of the boosted 
sphericity S of the hemisphere not containing the ener- 
getic lepton is plotted. The agreement between the data 
and the model calculation is again good. 

The Monte Carlo data were also used to study the 
correlation between l and St x $2, which could mimic 
the effect of a finite -c B. Figure 5 indicates that this corre- 
lation is small and similar for the b-quark and the light 
quarks. 

As evident from Fig. 3, it is not possible to separate 
b-quark production from light quark production on an 
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Fig. 3. a Distribution of events versus $1 x $2 for b-quark produc- 
tion (shaded area) and u, d, s, c-quark production. The areas under- 
neath the curves are scaled to the corresponding production cross 
sections, b The weight function w(S1 x $2). Both plots are obtained 
from the Monte  Carlo simulation 
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grams, a S~ x $2 distribution, b the distribution of S for events 
containing a muon of high momentum in the hemisphere opposite 
to the jet. About 32% of the events in (b) are expected to be from 
b b-production 

event by event basis. Statistical methods must be used. 
Here the weighting technique described in [12] was cho- 
sen. If a sample of N events contains Ns signal and NB 
background events 

N=Ns+NB (1) 

and wi=w(xj) is a weight function of a discriminating 
variable x, one defines a weighted sample 

Z wj= Ns + (2) 
J 

where #s and #B are the mean values of the weight of 
the signal and background samples. Solving these equa- 
tions for Ns one obtains 

Ns - N~ - wB N _ j (3) 
W s  - -  VVB VVs - -  WB 

and a corresponding expression for NB. The statistical 

error of Ns determined in this way is ~ s s "  F, where the 
dilution factor F is given by 

F ={1  + N,,/N - 
: , f  . (4) 

In this analysis x = S~ x $2 and the weight function 

S(x) (5) 
w (x) = S (x) + & B (x) 

was constructed from the histograms shown in Fig. 3 a, 
where Ns and S(x) are the number of b-events and their 
normalised x-distribution, and NB and B(x) the analo- 
gous quantities for the sum of the u, d, s and c-events. 
The weight function w(x) is plotted in Fig. 3b. The dilu- 
tion factor F is approximately 1.8. 
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Fig. 5. Average pseudo decay length lversus  $1 x $2 for b-quark 
and u, d, s, c-quark production as obtained from the Monte Carlo 
simulation 

llI.c Results 

Figure 6 shows the distribution of the measured pseudo 
decay lengths l for all multihadron events together with 
the distribution obtained from a Monte Carlo simulation 
assuming zB ~ 1.5 ps. The distribution of the uncertainties 
d l of the l measurements for data and the simulation 
are shown in Fig. 7. Both t and A I are quite well repro- 
duced by the simulation program. 

The data shown in Fig. 6 were weighted as defined 
in (5) and signal and background histograms were 
formed using (3). The normalised distributions so ob- 
tained are shown in Fig. 8. The distribution of I is shifted 
towards larger l for the b sample as compared to the 
u, d, s, c sample, evidence for a finite value of zB. 

For  a quantitative analysis we use the trimmed mean 
technique. A fraction e of the events was removed sym- 
metrically from the tails of the I distribution. It was veri- 
fied that the mean value of I was not sensitive to e. In 
Fig. 9 the relationship between the trimmed mean of l 
and ZB is plotted for two values of e. This relation was 
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Fig. 7. The distribution of errors of the pseudo decay length A 1 
for the data, shown as crosses, and for the Monte Carlo simulation, 
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determined using a Monte Carlo simulation, the statisti- 
cal uncertainties of which are indicated. From the mea- 
sured T we deduce, as indicated in Fig. 9, v~=(1.46 
+0.22)ps, where the error accounts for the statistical 
uncertainties only. 

Extensive use of Monte Carlo studies was made to 
estimate the systematic error, the various contributions 
to which are listed in Table 2. The main uncertainties 
are those in the jet vertex determination and in the 
number of tracks from the primary vertex relative to 
the secondary vertex. The latter is influenced by the b- 
fragmentation function, which was varied within reason- 
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able limits [13], corresponding to an average fragmenta- 
tion parameter Z varying between 0.77 and 0.88, and 
by the B-hadron decay multiplicities, which were varied 
such that the ratio of the number of tracks from the 
primary vertex to the number of all tracks varied be- 
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TaMe 2. Contributions to the systematic error of zB for the pseudo 
decay length method 

b-Fragmentation and decay multiplicity 0.21 [psi 
c-Fragmentation and decay multiplicity 0.10 [ps] 
c-Lifetime 0.06 [psi 
B-Fraction 0.14 [ps] 
Vertex determination 0.17 [psi 

Sum 0.34 [psi 

Table 3. Leptonic event samples after various cuts 

Selection # of events 

Events with ]cos 01 __<0.75 18549 

With electron 467 
and p~ > 1 GeV/c 144 

With muon 1245 
and $1 x $2>0.1 288 
and p~> 1 GeV/c 135 

tween 0.2 and 0.4. The corresponding quantities for the 
c-quark are somewhat less critical. 

Taking the systematic error into account we find us- 
ing the pseudo decay length technique a lifetime of 

rB = 1.46 _+ 0.22 (stat.) + 0.34 (syst.) ps. 

IV Measurement of zB by the impact parameter 

1V.a Method 

The impact parameter method is a well established tech- 
nique, which in some respects is complementary to the 
method discussed above. As used here it was based on 
a selected sample of relatively clean b-events using the 
track of a lepton which, with high probability, was due 
to a B-decay. 

The impact parameter 6 was defined to be the dis- 
tance of closest approach of the decay lepton trajectory 
to the primary vertex projected onto the r-q~ plane, i.e. 
6 -- t*. fl- 7" c. sin 0. sin e-= t*. p, where 0 is the angle be- 
tween the B trajectory and the beam direction, ~ the 
angle in the r-~b plane between the B direction and the 
direction of the decay lepton, and t* is the decay time 
in the B rest system. Two simplifications were made in 
determining 6: the primary vertex was approximated by 
the center of the luminous region, and the B-direction 
by the event thrust axis. The sign of 6 was defined to 
be negative if, due to measurement errors, the lepton 
trajectory intersects the thrust axis "behind" the primary 
vertex. For a more detailed description see [53. 

IV.b Lepton identification 

This analysisa was performed using electrons and muons 
of momenta p>  1.8 GeV. The electron selection was 
made using the energy loss in the jet chamber, dE/dx, 
a comparison of the energy deposited in the lead glass 
E with the measured momentum p and an analysis of 
the lead glass cluster shape. Only the barrel part of the 
lead glass was used, limiting the angular acceptance to 
[cos 01_ < 0.75. The energy loss was required to be within 
+2 and - 1  standard deviations of that expected for 
electrons and the ratio E/p>0.8. Finally the electron 
track was required to have at least three hits in the vertex 
chamber. The background remaining after these cuts was 

about 13 % of the sample and was primarily misidentified 
pions. For details see [14]. 

Muon identification was done using the muon filter, 
a system of absorber interleaved with drift chambers. 
Tracks identified as muons were required to have passed 
through at least 4.8 hadronic interaction lengths of mate- 
rial leaving hits in the muon chambers compatible with 
a track extrapolated from the jet chamber and to have 
at least three hits in the vertex chamber. Only 56% of 
these tracks were from prompt decays, the remainder 
being due to n and K decays or to punch through. For 
consistency checks a smaller sample of muons was also 
defined which were required to have passed through at 
least 5.8 interaction length of absorber material. 

The numbers of electrons and muons passing these 
cuts are listed in Table 3. Only the 1986 data were con- 
sidered in this analysis. It was carefully checked that 
the relative amount of leptons and their various distribu- 
tions were reproduced by the Monte Carlo simulation. 

IV.c B-enrichment 

The aim was to apply the impact parameter method 
to a relatively clean sample of b-events. To achieve this 
we further demanded that the leptons have p• 
> 1.0 GeV/c, where p• is the momentum component per- 
pendicular to the thrust direction. After these cuts about 
63% of the electron sample was due to B-decays and 
the detection efficiency for semielectronic B-decays 
amounted to 59% as deduced from the Monte Carlo 
simulation. However, only 46% of the muon event sam- 
ple were due to B-decays. We therefore, for the muon 
sample, made the additional requirement that $1 x Sa, 
calculated as in Sect. III, be greater than 0.1. This cut 
increased the fraction of B-decays in the muon sample 
to about 75% and reduced the detection efficiency for 
B-decays from 53% to about 36%. 

Figure 10 shows the p.  distribution for electrons and 
for muons with the additional cut $1 x Sz>0.1 for both 
the data and the Monte Carlo simulation. The numbers 
of events passing the various cuts are given in Table 3. 
For the final analysis the angle ct between the lepton 
flight direction and the thrust axis was limited to 
0.6 <= [ cos c~ [ =< 0.99. The upper limit reduces the number 
of events with a negative impact parameter 6 significant- 
ly, whereas the lower limit rejects some background 
events caused by hard gluon radiation. 
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1V.d The impact parameter distribution and maximum 
likelihood fi t  

For  each lepton track passing these cuts the impact pa- 
rameter, 5, was calculated relative to the center of the 
luminous region. The results are shown in Fig. 11 togeth- 
er with the corresponding Monte Carlo prediction for 
ZB = 1 ps. The error a~ of 5 was calculated from the track 
extrapolation uncertainty and the extension of the lumi- 
nous region. The % distribution, shown in Fig. 12, was 
well reproduced by the Monte Carlo simulation. The 
few lepton tracks with % > 520 gm for electrons and with 
% > 4 8 0  gm for muons were rejected from the further 
analysis and are not included in Fig. 11. This cut is some- 
what tighter for the muon than the electron candidates 
since Monte Carlo studies indicated that some muons 
from strange particle decays could so be rejected. 

The relation between the decay time t* in the B rest 
system and the impact parameter 5 =p. t* is given in 
Sect. IVa. The distribution g(p) of the p-parameter was 
determined using the Monte Carlo simulation. A likeli- 
hood function was constructed by folding an exponential 
decay time distribution and a gaussian resolution func- 
tion with g(p). The maximum likelihood method was 
then used to determine zB. In constructing the likelihood 
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eters (crosses) and of the Monte  Carlo simulation (histograms) for 
electrons and muons.  The cuts applied are also indicated 
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Table 4. The various fractions of the event classes contributing to 
the likelihood function. The corresponding average p-values are 
also given 

Source Fraction [%] (p) [mm/ps] 

Electron candidates 

B ~ e + X  61.6_+3.7 0.18___0.01 
B ~ c - * e + X  4.1+1.5 0.28_+0.09 
C --* e + X 26.2 _+ 3.4 0.08 -!-_ 0.02 
B ~ z + X  0.6-+0.6 0.28 
Prompt prod, 6.4-+ 1.9 
? Conversion 1.1 _+ 0.8 - 

Muon candidates 

B ~ p + X  72,3_+ 3.0 0.19_+0.01 
B --+ C --+ # + X 8.4_+ 1,8 0.27+0.04 
C ~ # + X  11.4+2.1 0.11 _+0.03 
B--+z+X 0.9_+0.6 0.21 
K~ ~ ~+ ~- 0.4_+0.4 - 
K~#v 0.4+__0.4 - 
S--*p+X 0.4+__0.4 - 
Prompt prod. 5.7 _+ 1.5 - 
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Fig. 13. Maximum likelihood fit to be experimental impact parame- 
ter distribution for electrons and muons 

function no t  only the decays B ~ l + X  but  also the cas- 
cade decays B ~ C -~ 1 + X, the charm decays C ~ l + X 
and  the b a c k g r o u n d  f rom tracks  originat ing f rom the 
p roduc t ion  vertex were considered. Fur thermore ,  decays 
into a z-lepton, which in turn  decayed into an electron 

or  m u o n  were included. The relative amoun t s  of the var-  
ious contr ibut ions  to the l ikelihood function are listed 
in Table 4 together  with the cor responding  average p 
values. The resulting m a x i m u m  likelihood fits to the 6 
distr ibutions are shown in Fig. 13. 

1V.e Results 

The m a x i m u m  likelihood fit to  the impact  parameter  
( + 0 . 3 5 )  

distr ibution 6 gives % = 1 .27_0.29 ps for the electron 

distr ibution and % = 1 .36_0.27  ps for the m u o n  distri- 

bution.  The errors quo ted  are the statistical uncertain-  
ties. 

The main  contr ibut ions  to the systematic error  are 
listed in Table  5. The error  estimates were obta ined  f rom 
Mon te  Carlo  studies. Adding  the various contr ibut ions  
to the systematic error  in quadra tu re  we obta in  for the 
impact  parameter  me thod  the results 

% = ( 1 . 2 7  +0 .35  \ - 0 . 2 9 -  0.17) ps for electrons, and  

% = (  1"36+0"32- 0.27 + 0.14) ps for muons .  

The two results are in g o o d  agreement  and we com- 
bine bo th  numbers,  adding  statistical and systematic er- 
ror  in quadrature .  The  procedure  described in 1-15] was 
used to take the s t rong correlat ion of  the two systematic 
errors, the correla t ion coefficient is 88%,  into account .  
The combined  result for the impact  parameter  me thod  
is 

1 3 - + 0 . 2 8  
% =  , 2_0 .25PS .  

V Summary 

The two essentially independent  methods  used to deter- 
mine zB yield compat ib le  results and  one is tempted to 
combine  the two numbers .  Both  methods ,  however,  use 
different B-hadron  selection schemes and have different 

Table 5. Contributions to the systematic error of the impact param- 
eter method for electron and muon tracks 

e # 

b-Fragmentation 0.09 ps 0.09 ps 
B and B -~ C fractions 0.12 ps 0.08 ps 
C-Lifetime 0,03 ps 0.02 ps 
Impact parameter 0,04 ps 0.03 ps 
Interaction point 0.06 ps 0.04 ps 
Background 0.03 ps 0.03 ps 
p-Distribution 0.03 ps 0.03 ps 

0.17 ps 0.14 ps 



Table 6. Compilation of recent measurements of zB. The statistical 
and systematic errors are added in quadrature 

~B [ps] Experiment 

1.17 + 0.32 DELCO Ref. 16 
-0 .27  

1.02 + 0.41 HRS Ref. 8 
-0 .37  

1.29_+0.29 MAC Ref. 17 
0.98 _+0.18 MARK II Ref. 18 
1.35 _+ 0.26 TASSO Ref. 19 

1.36 + 0.25 This experiment 
-0 .23 

acceptances for the various B-hadron decays. The same 
results are therefore only expected for the two methods 
if the differences in the decay times of different B-hadrons 
are negligible. 

Making this assumption we combine the two results 
and obtain, taking the small correlation between the sta- 
tistical errors and the correlation of the systematic errors 
into account. 

+0.25 
zB = 1.36_0.23 ps. 

This result is in good agreement with our previous mea- (+0500) 
surement [5] of zB= 1.80_0"40+0.4. _ ps, which was 

obtained from different data samples taken without the 
vertex chamber. Our result is also in good agreement 
with the other recent measurements of rB which are com- 
piled in Table 6. 

The decay time zB is related to the elements Vub and 
V~b of the Kobayashi Maskawa matrix 

192 rc 3 B~.~. 
[V~b12+0"48"fV~bl 2= G2 M~.cB , 

where Bs.L is the branching ratio for semileptonic B de- 
cays, GF the Fermi coupling and Mb the mass of the 

+O.25 
b-quark. With B~.1.=(11.4+0.5)%, ru=1.36_0.23ps 
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and Mb=(5.0 0.25)GeV and with the upper limit 
I V~bf <0.161 g~bl [20] we obtain the result 

[ V~b] = 0.039 + 0.007 

where the error is mainly determined by the uncertainty 
of the b-quark mass. The weak coupling between the 
third and second generation of quarks is obviously quite 
a lot smaller than that between the second and first gen- 
eration (1Vus ] = 0.22). 
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