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The determination of the lifetima of bottom (b) hadrona 
k still in ite infancy. A first meuurement h&. been performed 
by JADE.’ Analysing the distribution of the impact parameter 
-6 focmuoxu from eemileptonic b-decay they had obtained an 
upper limit of 1.4 peec. Lut year, the MAC’ and MKIIa pupe 
following the aame method reported the bnt poeitive lifetime 
valua, (l.MO.6iO.4) peec (MAC) and (1.2+0.43-0.36iO.30) 
pea (MKH). These valaa indicated a much larger lifetime 
and hence a much amalkr (be) mbdng angle than previouely 
anticipated. 

At thie conference four groupr reported new raultnz MAC,’ 
DELCO: and JADE’ using leptonr and TASSO’ studying the 
distribution of all charged particla from b-decay. 

The impact parameter 6 k defined ad the distance of cloaeat 
approach between a track and the production vertex, projected 
into the plane perpendicular to the beame where the precision 
k bat. For rClativktic decay particla the lifetime f b related 
to the average 6 by 7 = f - (6)/e, where c = 3.101° cm eec-l, 
and f k a geometrical factor of the order of 2. 

The MAC data wen baeed on a total of 76,000 multihadron 
- event8 taken at a c.m. energy W  = 20 GeV. In order to enrich 

the contribution from bi event8 the leptom were required to 
have momentum Pt > 2 GeV/c and tranrveme momentum w.r. 
to the jet axir Pm > 1.6 GeV/c. The accuracy with which 6 
could be measured wan on average 66 = SSO pm. A significant 
portion of 06 in thk and alI other experiment8 raultr from the 
broad beam rpread in the horirontal direction; e.g. in the case 
of MAC ob(beam) = 350 pm. 

According to Monte Carlo calculationr, 18% of the lep 
ton candidata stem from charm decay and roughly 30% are 
misidentified hadrone. Figure 1 rhowr the b diiribution for 
muon (238 eve&.) (a) and ekctron candidata (160 eventr) 
(b) and for both (c). A rignificant shift to poeitive valuer 
k oboerved, the median to the combined eample being (6) = 
120 f 28 w. 
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by meaua of Cerenkov countem. The superior ekctron iden- 
tification permitted DELCO to accept rather emall electron 
momenta. b and c enriched electron aampler were defined 
by requiring Pa > 1 GeV/c (60 candidata) and P. > 1 
GeV/c, Pa < 1 GeV/c (128 candidatea), respectively. The 
background from misidentified hadrone WY small (eee Cable 
1). The fraction of ekctronr from direct b(c) decayr was es- 
timated to be 77% (40%) for the b(c) region. Figure 2 6how8 
the 6 diitributione for the two data sampla with mean6 of 
(6) = 215 f 81 pm for the b region and 137 f 54 pm for the 
e region. Fiing the lifetima of chmed particke to their 
measured valuer, the b lifetime WY found to be 

r) = (1.16 + 0.37 - 0.34 f 0.23) psa . 
The value of r, wsu deduced from (6) by comparimon with 

Monte Carlo gener;rted event& The rault ia seneitive to a eerier 
of input parameters de&big b and c hadmnr and the contri- 
bution ftom background, in particular to the b(c) Kmileptonic 
branching ratio, the momentum spatra of leptone in the b(c) 
rat system and of b(c) hadrone in the overall e.m., and the life- 
tima of c hadrone. Charm decayr and background were found 
to contribute only 5 - 10 ~zn to (6). A Fible birr to the 
measurement of 6 was determined from a control rumple to be 
< 10 pm. The obemed value of (6) was therefore attributed 
mainly to the b lifetime yielding 

Several croa checlrr were made to tat the reliability of the 
method. Analysis of t pair production leading to 1 + 3 charged 
particle event8 yielded a t lifetime of (0.29 f 0.08) peec in good 
agreement with mewwed data’ 

~=(1.6fO.4fO.3)peec . 

DELCO dudkd ekctronr obtained from M 42,000 milti- 
hadron eventr at W  = 20 GeV. The ekctrom were identified 
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JADE analysed 22,OW multihadron evente at W  = 35 GeV. 
Two methode were applied to actmet r). In the first method 
a set of cut, provided a rample of benriched event8 yielding 
a total of 74 muon (26 electron) candidata with P&T > 0.0 
GeV/c (PC > 1.6 GeV/c). 71 f 4% (88%) of the r(e) dem 
from b daay. The mean VrOr of 6 for these kpton tracks 
was 06 = 430 pm. The average 6 valua were 282 f 66 pm 
for muone and 457 f 107 pm for ekctrona, Ming to zi = 
(1.76+0.60-0.35) peec and (1.82+1.00-0.6) peec, nrpectively. 
Crow checke showed that the average 6 of hadronic tmckr W M  
emall (42 f 21 m) and that for r kptone the correct lifetime 
*rlue waa obtained (0.36 f 0.11) peec. The eecond method 
ueed weighted dktributionr. bg evente with semimuonic decay 
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are characterised by a Iarge P,g and broad jets producing a 
riseable aplanarity A. For each event with given Prr and A 
the probabiitiea were calculated that it ie or in not a genuine 
b6 event. Figure 3 ahow# the 6 distribution for the signai (4) 
and the noise (b) with average valuee (6) = 105 f 62 pm and 
74 f 30 pm. The first yielded r, = (1.7f 0.5) m. Combining 
aIi rem&r yielded the 6nai value, 

r) = (1.8 + 0.5 - 0.3 f 0.4) peec . 
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Figure 3 
The TASS0 reuault# were obtained with two different con- 

figurationa of the detector. In the fimt analysb based on 22473 
- events at W  = 34.6 GeV 6 wad measured by the drift cham- 

ber with a precision of 06 = 1100 pm. The second data set 
of 2001 events at 43.3 GeV was taken after installing a vertex 
detector which in combination with the drift chamber yielded 
‘~6 = 380 pm (us rr 100 pm if the beam risea were sero). 

The b-lifetime was measured using aii charged partides 
rather than considering only leptons from b decay. An mn- 

_ tiai ingredient to this method b the fact that since the mean 
charged multiplicity in the decay of B meson8 in u 5.8 the B 
impact parameter enters N 11.6 times for an average b8 event 
while charmed meson decays yield only 4.6 entries per c5 event. 
Furthermore, since a given event contributea several tracks to 
the 6 distribution uncertainties in the beam position tend to 
cancel. 

Event shape cuts were used to &xt samples of b enriched 
(32% b6,35% c8) and b depleted (6% b6, 37% CC) eventr. To 
ruppraw contributions from I@, A decay8 and from multiple 
scattering only particles with p > 1 GeV/c were accepted. 
Figure 4(a) shows the 6 distribution obtained with the ver- 
tex detector for the b enriched (716 tracka) and b depleted 
events (2821 trache). The b enriched rample rhowr an excew 
of positive valued while the b depleted data are almost sym- 
metric around 6 = 0. Thin b seen aiso from Fip. 4(b,c), 
where the qmmetriea (F(6) = (N(6) - N(-6))/(N)tdA) are 
shown (&(a) is the number of tracka in 6 f 1/2A). The Iife- 
time q war determined by comparing the avenge 6 with the 
Monte Carlo predictions for different r~ vaiuea (eee ‘Bible I). 
The b enriched events yielded r, = (1.85f 0.48) paec (DC) and 
(1.80 f 0.57) peec (VDC). Various che& were performed to 
test the method, e.g., the lifetime t, was determined from the 
b depleted eventr for which < 6 > b dominated by t,. A vaiue 
of r, = (1.3 f 0.3) . r, (nominirl) was obtained. Combiig the 
two measurements yielded the final rem&, 

Q)= . ( 1 83+o.38 + 0.37 
-0.37 - 0.34 > - * 

TABLE I 

No. tradrp (6) (pm) 

a) Drift Chamber (DC) 
All events 48,800 63f6 
b enriched 7,526 105 f 13 
b depleted 28,682 68 f 8 

b) Vertex + Drift Chamber (VDC) 
All eventa 4,835 63fO 
b enriched _ 718 IQ%* 23 
b depleted 2,821 3Of 12 

MC prediction for (6) 
tb=o rb’1.8plrec 

(e) (rm) 
41 l 2 68 f 1 
4Of5 107 l 5 
4of2 48 f 2 

33*2 56 f 2 
32 f 6 115 f 2 c 
33f2 47 f 2 
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Figure 4 

The average of the semileptonic measurements from MKII, 
MAC, DELCO and JADE is 

tt = (1.44 f 0.2 f 0.3) psec . 

ThL valuea represents an average of zb weighted by the 
Mmileptonic branching ratios of B hadrons. The value from 
TASSO, 

represents an average over aii B decays and can, in principle, 
differ from rf (cf. Do and D+). Within errom the measured 
values of rl and r:* agree with each other. The b lifetime can be 
related to the matrix element Uk of the KM mixing matrix,g 
q # 2.77. 10v3 peec IU&2. Combining aii rb measurements 
yields 

,uk, = o 0423+0.0027 + O.QQ51 
-0.0023 - 0.0036 

and the same value for the Maiani mixing angle, 1 sin 71 ZT II&l. 
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