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Abstract 

Knowing the lifetime of bottom hadrons {B lifetime) it is possible to 

deduce the Kobayashi-Maskawa (K-M) matrix element lu bl and together with 

the upper limit on R
8 

~ ~~~: ~~ from CESR obtain ancupper limit on luubl. 

Two detectors frbm PETRA, TASSO and JADE, have measured the B lifetime by 

first selecting a sample of b enriched events and then using the impact 

parameters of charged tracks in this sample. JADE does b enhancement using 

high pt leptons while TASSO uses the higher sphericity of bottom jets 

compared to average jets. TASSO uses impact parameters of all "good" tracks 

in an event while JADE uses only 

the B lifetime to be 1.57 t 0.32 

respectively. 

that of the lepton. 
+ 0.37 + 

0
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psec and 1.8 

TASSO and JADE measure 
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INTRODUCTION 

' In the standard model the charged weak interaction mediated by w-, 
mixes the lower members of the su

2 
doublets. The mixed quark states- d', 

s', b' -are related to the d, sand b states through the relation: 

(] UK-M c) 
where UK-M is a 3 x 3 unitary matrix known as the Kobayashi-Maskawa matrix -

UK-M 
( 

"ud 

"cd 

"td 

"us 

"cs 
u,, 

"ub ) u cb 
u,b 

The B lifetime, 'a' is determined by the elements Uub .and Ucb which 

determine the rates of b + u and b + c transitions respectively. It is 

known from measurements at CESR that 1 

luubl 
lucb[ 

< 0.11 at 90% c.l. ( l) 

which implies that 'a is essentially determined by lucbl. Conversely, from 

'a we can determine lucbl and using Eq.(l) obtain an upper limit on luubl. 

Knowledge of lucbl and lu0bl and the other elements of the K-M matrix 

enables theorists to make important predictions such as: the lower bound on 

the top quark mass2 , the lower bound on Re {~'/~) 3 , and size of mixing and 

CP violation in systems such as s08° and D00°. 4 

THE JADE AND TASSO DETECTORS 

Figure 1 shows the side view of the JADE detector. The jet chamber5 is 

used for reconstructing charged tracks, the lead glass shower counter for 

detecting electrons. Muons are detected by means of drift chambers 

interleaved between layers of iron/concrete absorbers. 
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The impact parameter resolution in the r~ plane - perpendicular to the 

beam direction - for charged tracks is 570 ~ - including the contribution 

from the width of the beam. The first measurement layer of the jet chamber 

is located at a radius of 40 em and the material in front of it amounts to 

0.16 radiation lengths. 

Figure 2 shows the end view of the central part of the TASSO detector; 

the parts important to the B lifetime analysis have been shaded. 

The TASSO detector has existed in two different configurations - one 

before the installation of the vertex chamber (VXD) 6 : first configuration, 

and the other after the installation of VXD: second configuration. 

For the first configuration the cylindrical drift chamber (CDC) 7 plays 

the major role in the reconstruction of charged tracks while for the second 

configuration both CDC and VDX are used for this purpose. The parameters of 

the JADE and TASSO detectors relevant to the B lifetime analysis are listed 

In table I. 

THE METHOD 

So far all of the measurements of the B lifetime
8

-
12 

except one13 have 

been done using a method consisting of the following two steps: 

1. b enrichment: A sample of events is selected such that it is enriched 

in primary bottom hadrons. 

2. Measurement of impact parameters: The impact parameters of tracks from 

the b enriched sample are used to find 's· 
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Table 1. Parameters of JADE and TASSO: detectors relevant to the 

B lifetime analysis. 

Detector + JADE TASSO TASSO 
II 

--

Radius of first layer (em) 40 36.7 8.1 

Material before first 0.16 0.13 0.007 
layer (rad.len.) 

Impact parameter 
resolution in the r~ 570 1100 380 
plane including p>l GeV/c 
the beam size (~) 

Impact parameter 
resolution in the r~ 450 1100 140 
plane not including p>l GeV/c 
the beam size (~) 
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b enrichment Lpt because is gets smaller contribution from hard gluon emission 

compared to Lpt as hard gluon emission mainly contributes to transverse 

In e+e- annihilation into hadrons at a center of mass energy momentum in the event plane8•14 

W ~ 30-40 GeV only -1/11 of all events come from bb production. To increase 

the sensitivity to the B lifetime it is necessary to increase the fraction 

of bb events. 

It is possible to select a sample of events enriched in the bottom 

flavor, because the bottom quark is much heavier than the up, down, strange 

and charm quarks. This implies that: 

1. 

2. 

semileptonic decay of bottom hadrons can produce high pt leptons. This 

is illustrated in Figure 3. The figure shows the pt (transverse 

momentum with respect to the parton direction; the latter in practice 

can be approximated by the sphericity axis) spectrum of leptons, t, 

coming from the semileptonic decays - c ~ siv, b ~ ctV, b ~ c ~ siv. 

We see that for pt > 1 GeV/c most of the leptons come from the direct 

decay b ~ ctV. 

b quark jets have a different shape from average jets. This comes from 

the fact that the total transverse momentum in an event gets 

contributions not only from hard gluon emission and fragmentation but 

also from the masses of the primary quarks. This causes b quark jets 

to have a higher sphericity compared to average· jets. 

Some of the event shape variables which have been used for flavor 

separation are listed below. 

1. 

2. 

Lpt - sum of transverse (relative to the jet axis) components of 

momenta of tracks in an event. For events originating from primary bb 

production Lpt is large
8

'
14 

Lptout - same as tpt, except that the summation is carried over 

components transverse to the event plane. This variable is better than 

3. 

4. 

Boosted sphericity product. This method was first proposed by TA55o12 . 

The quantity is defined in the following manner: first, the hadronic 

event is divided into two by the plane perpendicular to the sphericity 

axis. Then for each hemisphere only those charged tracks which make an 

angle of less than 41° relative to the sphericity axis are considered; 

this is to reduce contribution from hard gluon radiation. The tracks 

in each hemisphere are then boosted towards the rest frame of the 

b quark with a boost a ~ 0.7. The sphericity of each hemisphere is 

then calculated. By requiring the product of the sphericities 

5152 > 0.1, one obtains a sample consisting of about equal proportions 

of primary bottom, charm and light quark flavors and -40% of the 

original bottom events are kept 12 

Aplanarity - this is the smallest eigenvalue of the sphericity momentum 

tensor. It is on average bigger for bb events than for those 

originating from other primary quarks. JADE makes use of the property 

in one of their methods of measuring i 8 . 

The impact parameter 

The definition of the impact parameter of a track is illustrated in 

Figure 4. It is the distance of closest approach of the track to the 

interaction point of the event. 

The average charged multiplicity in the decay of a bottom hadron is15 

NCH = 6. If th_e bottom hadron has a nonzero lifetime then most of the 

tracks from the decay of a bottom hadron will have nonzero impact 

parameters. Thus by looking at the impact parameters of all tracks in a bb 

event one can derive a sensitive measure of the bottom hadron lifetime. 
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One can instead use the impact parameters of high pt leptons produced 

in the semileptonic decay of a bottom hadron to measure 'a· The advantages 

here are: 

1. 

2. 

the semileptonic decays of bottom hadrons are understood16 better than 

the nonleptonic ones. 

Production of high pt leptons in e+e- annihilation at PEP and PETRA 

energies has been studied by a number of groups and the results are in 

good agreement. 

Thus, using high pt leptons it may be possible to measure 's with 

smaller systematic errors. All experiments which have determined the 

B lifetime so far have used the impact parameters of charged tracks in the 

r$ plane, i.e. the plane perpendicular to the beam axis, to make this 

measurement; we denote this variable by 0. The reason for this is that 

beamsize along the z direction is typically more than an order of magnitude 

bigget than the size in the r~ plane; in addition the detectors which have 

been used for measuring 's have much better measurement accuracies in the r~ 

plane compared to that along the z direction. 

The resolution of 0 of both JADE and TASSO is bigger than the average 

impact parameters expected for tracks from B decay if the 8 lifetime ,
8

, is 

1 psec. As a result the measured 0 of a track can be quite different from 

its true value. Therefore, it is important to associate a directional sign 

with the 0 of a track. The way this is done is illustrated in Figure 5. 

For an event with primary bottom quarks, the directions of motion of 
I 

the primary h?ttom hadrons is well described by the sphericity axis. The 

directional sign of the 0 is defined to be positive if the track crossed the 

sphericity axis in front of the interaction point and negative if it crossed 

behind the interaction point. 

-- r __ .,... __ ·-"--- -'''---- -----
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THE DATA 

JADE's B lifetime measurement 17 is based on 63 pb-l of data collected 

at an average center of mass energy W ~ 35 GeV, corresponding to a total of 

22000 hadronic events. 

1. 

2. 

TASSO has used two sets of data: 

78.7 pb-l of data collected with the first configuration of the 

detector (no vertex detector) at an average center of mass energy 

W ~ 34.6 GeV and corresponds to a total of 22474 hadronic events. 

25 pb-l of data collected with the second configuration of the detector 

(with vertex detector) at an average center of mass energy W = 44 Gev. 

This data set has 3964 hadronic events with useful vertex detector 

information; this is roughly twice the data with the second 

configuration compared to that used in the previous TASSO 8 lifetime 

publication. 12 

RESULTS 

JADE has used two methods of determining the B lifetime. In their 

first method - which is their preferred method - they use only electron and 

muon candidates. The tracks are required to have momentum p > 1.8 GeV/c and 

transverse momentum relative to the jet axis pt > 0.9 GeV/c. To ensure good 

track reconstruction the polar angle of the track 8 is required to satisfy 

45° < a < 135° and the azimuthal angle ~ between the track and the 

sphericity axis 6° < ~ < 57°. After applying further cuts: lepton be 

isolated, the event should have a limited width in the event plane - they 

are left with 74 muon and 34 electron candidates. By visually scanning they 

eliminate 9 electron candidates as coming from photon conversion. The 

compositions of the resulting electron and muon samples are indicated in 

table 2. 
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" e 

B + lepton % 65 79 

B _,. C + lepton % 6 8 

C -+ lepton % 8 10 

Hadrons % 20 3 

K, 1T + lepton % l 

~ 

Table 2. Composition of the lepton sample used by JADE to measure the 

B lifetime, estimated using a Monte Carlo technique. 

Figure 6 shows the 0 distributions of the selected muon and electron 

tracks. In both cases the distribution is not in agreement with a Gaussian 

centered at 0 and having a a= 570 ~which is JADE's 0 resolution. If they 

allow the mean to vary in the fit then they obtain <0> = 282 ± 78 ~ and 

457 ± 107 ~ for the muon and electron samples respectively, 

They infer the B lifetime, 's' by doing a maximum likelihood fit which 

uses as input the fractions and the 0 distributions of the various 

components which are: B + lepton, B + C + lepton, C + lepton and background. 

The 0 distributions for the different components are obtained from Monte 

Carlo calculations and depend on the Q resolution of the detector and in the 

case of B + lepton and B + C + lepton also on i
8

• 

From the maximum likelihood fit they deduce 

'• 
+ 0.55 

1.78 _ 0 •
45 

psec 

and 

'• 
+ 0.90 

1.73 _ 0 . 67 psec 
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for the muon and electron samples respectively; combining they obtain 

+ 0.45 
~B = 1.76 _ O.JS psec 

JAD~ has used tracks from their hadronic events sample to construct a 

control sample 6 distribution. They apply the same event and track 

requirements for this sample as they do for the muon candidates except: 

1. The tracks are not electron or muon candidates 

2. The tracks have p > 2.0 GeV/c 

3. the only b-enrichment cut applied is that the tracks be isolated. 

Gaussian fit to the selected tracks yields <6> = 42 ± 21 ~. If they 

subtract the contribution from B and C decays estimated from the Monte Carlo 

they obtain <~ = -6 ± 24 ~. 

In contrast to JADE, TASSO uses all charged tracks to determine the 

B lifetime - no lepton identification is required. The following cuts are 

applied: 

l. lease. tl < 0.7 where e. t is the polar angle of the sphericity axis 
Je )e 

this is to ensure proper determination- of the B direction of flight. 

2. Beamspot for the event is required to be known. 

3. The tracks are required to satisfy 

a. lz I < 2 (3) em at W = 34.6 (44) GeV where z is the z coordinate 
0 0 

at the point of closest approach to the beamspot. 

b. The track fit Chi-squared 
2 -

X r$ < 2 (5) at W = 34.6 (44) GeV, 

2 Xz < 2, 
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4. for theW~ 44 GeV data, each track is required to have at least 5 hits 

in the vertex chamber. 

5. 

6. 

w 

To reduce multiple scattering, tracks are required to have momentum 

p > 1 GeV/c. 

The boosted sphericity product method described earlier is used for 

selecting a b enriched and a b deple_ted sample. 'rhe b enriched sample 

is obtained by using boost a= 0.10 (0.74) at W ~ 34.6 (44) GeV and 

s
1
s

2 
> 0.1. The b depleted sample is selected using the same value of 

a but with 5152 < 0.04. 

The res_ulting b enriched_ sampl_e consists_ of_7526 (1530) tro3,cks at 

34.6 (44) GeV. 

Figure 7 shows the 0 distribution for both the b enriched and the 

b depleted data samples for the second l.'!ottfl-gura-tion of the TASSO detector. 

From the figure we can see that the distribution for the b enriched data 

sample is significantly shifted to the right. The mean value of 0 for 

lol < 0.5 em is 91 ± 17 ~ (38 ± 8 ~) for the b enriched (b depleted) data 

sample. 

Figure 8 shows the 0 distribution for the b enriched and b depleted 

data samples for the first configuration of the TASSO detector. Again the 0 

distribution for the b enriched sample is shifted to the right. The mean 

value of 0 for jO! < 0.5 em is 105 i 17 ~{58 ± 8 ~) for the b enriched 

(b depleted) data sample. 

The figure also shows the asymmetry distribution obtained by 

subtracting the left side of the 0 distribution from the right side. We see 

that the data are not compatible with the Monte carlo expectation for 'a ~ 0 

while 'a~ 2 psec describes the data fairly well. 

~-"'---...._________..-------'""_____....___ _ ___,. _____ ....__n_ ___ ,..- "'------"---"------"'-----"--~-"----"---------"---------"~~~~..____..._____. ___ _ 

- 12 -

TASSO deduces the B lifstime ~., comparing the value of <0> for the data 

with the Monte Carlo expectation for different values of <
8

; this is shown 

in Figure 9. From the figure we obtain for the B lifetime 1.85 : g::~ 
(1.36 ± 0.42) psec for the first (second) configuration. The 

second configuration differs from the published value of 1.80 

due to the increase in statistics. 

CHECKS 

value for the 
+ 0.58 
- 0.57 psec 

JADE has measured the ' lifetime using impact parameters of charged 
+ - + -

tracks from events of the type e e ~ ' ' The ' lifetime they measure is in 

agreement with the value measured by MARK rr 18
• 

They have used another method to measure the B lifetime. They have used 

all events with muon candidates. Each track in the event is given a weight 

dependent on the pt of the muon and the aplanarity of the event. From the 0 

distribution they deduce 'B = 1.7 ± 0.6 psec. 

TASSO has measured the average charm lifetime 'c by using tracks from the 

b depleted data samples. They measure it to be ' ~ (1.3 ± 0.3)< nom where 
c c ' 

, nom is the average charm lifetime estimated from the lifetimes of 0°, D-, F, 
c 

he and their relative proportions in hadronic events. 

TASSO has also looked at the impact parameter distribution of charged 
+ - + -

tracks in events of the type e e + ' ' • The value of <0> is in good 

agreement with the value expected from Monte Carlo using the known ' lifetime. 

In addition they find that yy events have <0> consistent with zero. 

They have investigated instrumental biases by dividing tracks depending 

on charge, the sign of px (x component of momentum), the sign of Py (y 

component of momentum), sign of p
2 

(z component of momentum) and comparing 

<0>. They find the differences to be statistically not significant. 
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SYSTEMATIC ERROR 

The dominant source of systematic error for the JADE measurement of the 

B lifetime is the uncertainty in the fraction of B ~ lepton decays which 

contribute an error of ±0.30 psec. The other sources of systematic error are 

the choice of the jet axis (±0.05 psec) uncertainty in the 0 resolution (±0.15 

psec) uncertainty in the relation between 0 and ~B (±0.15 psec) and the 

uncertainty in the average charm lifetime (±0.05 psec). 

In the case of TASSO, the dominant sources of systematic error are the 

uncertainties in the fragmentation parameters (±0.27 psec), uncertainties in 

the decays of charm and bottom hadrons (±0,21 psec). Possible instrumental 

biases and dependence of 'a on the cuts employed in the analysis contribute 

±0.16 and ±0.14 psec respectively to the systematic error. Combining the 

errors in quadrature we obtain an overall systematic error of ±0.40 psec. 

JADE quotes the result obtained using their first method as their final 

value of the B lifetime which is 'a = 1.8 ~ g:~ (stat.) ± 0.4 (sys.) psec. 

TASSO's final result is obtained by statistically combining the results_ 

from the two configurations of the detector which gives 
+ 0.37 

~8 = 1.57 ± 0.32 (stat.) 
0

_
34 

(sys.) psec. 

K-M MATRIX 

where 

K = cb 

lucbl is deduced from the formula
19 

lucbl 
BR(B ~ Xev) 

'• 
K 

___<;J?_ ]1/2 
1 + R 

B 

BR(B + xev) is the semi1eptonic 
-14 

(2.35 ± 0.13) x 10 sec and 

"a 
r(B + Xutv) 

f(B + Xct\!) 

branching ratio for B mesons, 

,---~-"- --~---~--- ,...._,,-
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which from measurements at CESR is known to be less than 0.038 at 95% c.1. 

From the above expression we obtain 

lu0 bl 0.042 ± 0.005 (stat.) ± 0.006 (sys.) 

IU0 bl 0.039 ± 0.005 (stat.) ± 0.005 (sys.) 

In addition an error of ± 0.002 should be considered for eithe& values due to 

uncertainties in BR(B + Xev), Kcb and R
8

• 

COMPARISON WITH OTHER EXPERIMENTS 

Figure 10 shows the values of ~8 as measured by different groups at PEP20 

and PETRA. The errors on the points are obtained by combining the statistical 

and systematic errors in quadrature. The weighted average of all measurements 

is ~8 "' 1.10 ± 0.16 psec with i of the least square fit to a· constant is 4.8 

for 6 degrees of freedom; however the weighted average of PEP measurements is 

0.94 ± 0.18 psec while that of PETRA is 1.67 t 0.33 psec. 

CONCLUSIONS 

Both JADE and TASSO have measured the B lifetime. JADE has used two 

different methods while TASSO used data taken with two different detector 

configurations and at different center of mass energies. Their values of •a= 
1.8 ~ g:~ ± 0.4 psec (JADE), 1.57 ±_ 0.32 : g:;! psec (TASSO) are in good 

agreement with each other. The weighted average of all measurements from PEP 

and PETRA is 1.10 ± 0.16 psec and the x2 
of the least square fit to a constant 

is 4.8 for 6 degrees of freedom. The combined average of PEP measurements is 

0.94 ± 0.18 psec while the weighted average from PETRA is somewhat higher -

1.67 ± 0.33 psec. 
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FIGURE CAPTIONS 

Fig. 1. The side view of the JADE detector: JADE's B lifetime analysis 

mainly uses the jet chamber (5), the central lead glass counters (8) 

and the muon chambers (4). 

Fig. 2. The central part of the TASSO detector: The figure shows the end 

view of the TASSO detector. The parts which play an important role 

in the B lifetime analysis, the drift chamber and the vertex chamber, 

have been shaded. 

Fig. 3. Transverse momentum spectrum of e, u from B, C decays: The figure 

shows that B decays can lead to the production of high pt leptons. 

Thus, high pt leptons (pt ~ '1 GeV/c) can be used to tag events with 

primary bottom hadrons. 

Fig. 4. The definition of the impact parameter: The impact parameter, d, is 

nonzero for tracks coming from decays of particles with finite decay 

distances. In practice, the impact parameter in the r~ plane, 0, 

instead of the impact parameter in space, d, is used. 

Fig. 5. The sign of the impact parameter: The sign of the impact parameter is 

obtained by looking at where the track intersects the sphericity axis 

~ s. If a track belonging to the jet moving to the right intersects 

the axis to the right (left) of the beamspot the sign is positive 

(negative)~ 

Fig. 6. 0 distributions of e,u tracks from the b enriched sample (JADE): In 

the figures shown the histograms correspond to the data, the dashed 

lines are Gaussians centered at zero and having a = 570 urn determined 

by the resolution of the detector, the solid curves are Gaussians 

obtained by fits to the data allowing the mean to vary. 
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Fig. 7. The 0 distribution of tracks for the second configuration (TASSO): 

The figure shows the 0 distribution of tracks for the b enriched 

(solid + shaded) and the b depleted (dashed + unshaded) samples. 

Both histograms have been normalized to unity. The b enriched 

distribution shows a larger asymmetry. 

Fig. 8. The 0 distribution of tracks for the first configuration (TASSO): 

The figure (top) shows the 0 distributions of tracks for the 

b enriched (solid + shaded) and the b depleted {dashed + unshaded) 

samples. The distributions obtained by taking the difference of the 

left side of histogram from the right {the two bottom figures) are in 

agreement with the Monte Carlo prediction for 'a ~ 2 psec and are not 

in agreement with that for 's = 0. 

Fig. 9. B lifetime versus <6> (TASSO): The figure shows the 'B versus <0> 

relation obtained using Monte Carlo events generated with different 

'a· In the figure the shaded regions correspond to the two 

measurements. The value of 's obtained with the second configuration 

of TASSO has changed since the last publication; the previous value 

is also shown. 

Fig. 10. B lifetime measurements from PEP and PETRA: The figure shows the 

values of 's as measured by different experiments at PEP and PETRA. 

The measurements have been divided into two categories: one which 

uses the lepton impact parameter and the other which in addition also 

uses tracks which have not been identified as leptons. The weighted 

average is 'B = 1.10 ± 0.16 psec and the x2 
of the least square fit 

to a constant is 4.8 for 6 degrees of freedom. 
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