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Abstract. A study of B meson  decays into D ( - X  final 
states is presented.  In  these events, neutra l  and  charged 
D mesons  originate p redominan t ly  f rom B § and B ~ de- 
cays, respectively. The  dilution of this corre la t ion  due 
to D** p roduc t ion  has been taken  into account .  F r o m  
263700 hadronic  Z ~ decays collected in 1991 with the 
D E L P H I  detector  at  the L E P  collider, 92 D O - -*K- rc  +, 
35 D + ~ K -  rc + rc + and  61 D *§ ~ D ~  + followed by 
D ~  + or D~ -, are found with an 
associated lepton of the same charge as the kaon.  F r o m  
the D O f -  and  D* + { - ,  the probabi l i ty  fd that  a b qua rk  
hadronizes  into a B ( o r / 3 ~  is found to be 0.44 
+ 0.08 • 0.09, cor responding  to a total  (Bs + Ab) hadroni -  

zat ion fract ion of 0.12 + 0.24 -0 .12" By reconst ruct ing the ener- 

gy of each B meson,  the b qua rk  f ragmenta t ion  is directly 
measured  for the first time. The  mean  value of the B 
meson  energy fract ion is: 

(XE (B)) = 0.695 + 0.015 (stat.) + 0.029 (syst.) 

Recons t ruc t ing  D-lepton vertices, the following B life- 
t imes are measured :  

+ 0  22 
z (B) = 1.27 _ 0". 18 (stat.) _+ 0.15 (syst.) ps, 

where /~  ~ D O f -  X, 

z (B) = 1 18 + 0.39 (s ta t)  + 0 15 (syst)  ps, 
�9 - 0 � 9  . . . .  

w he re /3  ~ D + Y- X, 

~(B)= 1.19 + 00"~ (stat.) • 0.15 (syst.) ps 

whe re /3  --, D* + ( -  X,  

0.14. . 
and an average  z (B) = 1.23 _ + 0 13 (stat.) _ 0.15 (syst.) ps is 

found. Al lowing for decays into D * * ( - %  the B + and  
B ~ lifetimes a re '  

+ 0 3 3  
z (B +) = 1.30 _ 0129 (stat.) _ 0.15 (syst. exp.) 

_+ 0.05 (syst. D**) ps, 

+ 0  29 
(B ~ = 1.17 _ 0]23 (stat.) _+ 0.15 (syst. exp.) 

_+ 0.05 (syst. D**) ps, 

+ 0 5 1  
(B +)/z (B ~ = 1.11 _ 0]39 (stat.) -4- 0.05 (syst. exp.) 

_+ 0.10(syst. D**) ps. 

1 Introduction 

M a n y  interesting topics concerning weak  b-decays can 
be under s tood  th rough  a precise s tudy of B meson  semi- 
leptonic decays. C o m p a r i n g  the semileptonic  b ranch ing  
fract ions of  the B particles checks the extent  to which 
specta tor  graphs  domina t e  [-1]. In the pure  spec ta tor  
mode l  and  assuming  tha t  only D and D* mesons  are 
p roduced  in B ~ and B + semileptonic  decays*,  all D + # -  
or  D *+ Y- pairs should originate f rom B ~ mesons  and  
all D o ( -  pairs,  where the D o is not  f rom a D* + decay, 
should come  f rom B -  mesons�9 Al though  this cor re la t ion  
is diluted by the p roduc t ion  of D** mesons,  enough  re- 
mains  to allow the de te rmina t ion  of the B ~ and  B + life- 
times�9 C o m p a r e d  to exper iments  at the F(4S) energy [-2, 
3] where  b -hadrons  are p roduced  a lmos t  at  rest, it is 
possible to measure  directly at L E P  the neut ra l  and  
charged B meson  lifetimes, wi thout  relying on knowledge  
of the B decay part ial  widths and  p roduc t i on  rate at  
the Y(4S) resonance�9 Finally,  if bo th  a D meson  and 
a charged lepton are detected only the neut r ino  escapes  
detection,  and  it is possible  to reconst ruct  the B energy 
and  measure  the b qua rk  f r agmenta t ion  funct ion m o r e  
directly than  with the inclusive lepton spectrum�9 

All hadron ic  Z ~ decays  collected in 1991 at  L E P  with 
the D E L P H I  detec tor  are used. The  analysis selects B 
decays into a D meson  toge ther  with an identified lepton�9 
The  silicon strip ver tex detec tor  separates  p r i m a r y  and  
secondary  vertices and  improves  the m o m e n t u m  resolu- 

* Throughout the paper the notation B ~ refers uniquely to the 
B ~ meson, and charge-conjugate states are implicitly included 
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tion of charged particles. Charmed mesons are recon- 
structed if an identified lepton is produced in the same 
direction ( p ( f - ) . p ( K - ) > 0 )  as any of the following de- 
cays: 

D O ~ K -  n +, 
- D + - - ~ K -  n + n + ,  

D* + -o D o n ~ followed by D o ~ K -  n + or K - n + n + n -  

where the kaon candidate is required to have the same 
charge as the lepton. 

The criteria for selecting hadronic Z ~ events and for 
identifying leptons are explained in Sect. 2. The vertex 
reconstructions and selections made for the different de- 
cays are detailed in Sect. 3. The measurement of the 
branching fractions of/~ mesons into D f -  X final states 
are given in Sect. 4, the probabil i ty fd that a b quark 
hadronizes into a /~o meson is evaluated and the yield 
of B particles other than B ~ and B + is given. By estimat- 
ing the original B momentum,  the b quark fragmentation 
function is shown in Sect. 5 and compared to previous 
measurements.  Reconstructing the B decay length as the 
distance from production to the D-lepton vertex, the B 
meson lifetime is presented in Sect. 6 for each individual 
D f - X  channel. Finally, taking into account B decays 
into D** f -  g, the B + and B ~ lifetimes are given in Sect. 7. 

2 D e t e c t o r  d e s c r i p t i o n  a n d  e v e n t  s e l e c t i o n  

DELPHI  
,.~ 300 

' ~  200 

100 

-0.4 -0.2 0 0.2 0.4 
dE/dX (mip) 

10 (b)  

~. 7.5 

0 i R  I i I i i l  [-- 
-0.4 -0.2 0 0.2 0.4 

dE/dX (mip) 

Fig. l a, b. Distributions of the difference between the observed 
d E/d x and the expected kaon ionization loss: a for a kaon enriched 
sample (unhatched histogram) and a pion enriched sample (hatched 
histogram). These two samples have been selected using the RICH 
Cherenkov counter for charged particles between 8 and 15 GeV/c. 
b for the particles having the same charge as the lepton in the 
D o ~ K-  n + signal (kaon candidates) 

A description of the D E L P H I  apparatus  can be found 
in [4]. The vertex detector (VD) consisted in 1991 of 
three layers of silicon, at radii 6.5 cm, 9 cm and 11 cm. 
They measure R q5 coordinates over a length of 24 cm, 
and define an angular acceptance of 27 153 ~ , 37 143 ~ 
and 42-138 ~ for hits in one, two or three layers. The 
absolute hit resolution in the plane transverse to the 
beam axis has been measured to be 8.0 gm. The TPC, 
the principal tracking device of DELP HI ,  is a cylinder 
of 30cm inner radius, 122cm outer radius and has a 
length of 2.7 m. Each end-cap is divided into 6 sector 
plates each with 192 sense wires used for the particle 
identification. The dE/d x energy loss of a charged parti- 
cle is measured by these wires as the 80% truncated 
mean of the max imum amplitudes of the wire signals. 
For  particles in hadronic jets, the resolution has been 
measured to be 7.5%. However  25% of the tracks have 
no information because they are too close to another  
track or have too few wire hits (a minimum of 30 wires 
was required). The dE/dx spectra measured for kaons 
and pions are shown in Fig. 1 a, where the two samples 
have been selected using the Cherenkov counter R I C H  
[5] for momenta  between 8 and 15 GeV/c. The un- 
hatched histrogram shows the difference between the 
measured ionization for the kaon enriched sample and 
the one expected for a kaon. The hatched histogram 
shows the same quantity for the pion enriched sample. 
The d E/dx measurement  thus allows some separation 
of K from n. 

Charged particles were reconstructed with the track- 
ing detectors and with the associated VD hits. The mo-  
mentum resolution was found to be 3.5% for 45 GeV/c 

muons and is proport ional  to the momentum.  The 
charged particles were retained if they satisfied the fol- 
lowing selection criteria: 

- momen tum between 0.4 and 50 GeV/c; 
- relative error on momentum measurement  less than 
100%; 
- over 30cm track length in the TPC; 

projection of impact parameter  relative to the interac- 
tion point below 4 c m  in the plane transverse to the 
beam direction; 
- distance to the nominal  interaction point along the 
beam direction below 10 cm. 

These selections allow a reliable measurement  of the 
multiplicity and momen tum of the charged particles. 
Neutral  particles were reconstructed from energy depos- 
its in calorimeters which were not associated to a mea- 
sured charged particle. Hadronic  events were then ac- 
cepted by requiring: 

5 or more charged particles; 
- total energy of the charged particles larger than 12% 
of the centre-of-mass energy, assuming all charged parti- 
cles to be pions. 

The hadronic decay selection efficiency was found to be 
95.0_+0.5%. A total of 250500 hadronic events was se- 
lected from the 1991 data, corresponding to 263 700 col- 
lected Z ~ 

Events with lepton candidates were selected as de- 
scribed in detail in a recent paper  [6]. Both muons and 
electrons were used. The muon selection was the same 
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as in [6] with a minimum momentum of 3 GeV/c and 
has an efficiency of 7 7 + 5 % .  For  electrons, in order to 
enhance the efficiency, looser selections were used than 
those in [6]. The minimum momentum was 3 GeV/c and 
the efficiency was 6 4 _  5%. 

Charged particles were associated to jets by using 
the LUCLUS algorithm with default parameter [7]. For  
the jet containing the lepton candidate, the jet axis was 
defined as the sum of the momenta of all charged parti- 
cles belonging to this jet not including the lepton. When 
a Pr cut is applied, Pr is defined as the transverse momen- 
tum of the lepton with respect to this jet axis. 

3 Charmed meson reconstruction 

The analysis of charmed mesons is based mainly on the 
separation of primary and secondary vertices. The beam 
spot constraint is added into a primary vertex fit by 
using the mean transverse position of the beam known 
for each fill. The measured widths of the beam spot are 
150 gm in the horizontal and 10 gm in the vertical direc- 
tions. 

For  the complete reconstruction of charmed mesons, 
only charged particles produced in the same direction 
as the lepton were considered (p(d-) .p>0) .  In this case 
the combinatorial background is smaller because of the 
reduced mean charged multiplicity observed in B semi- 
leptonic decays. The kaon candidate in D decay was 
required to have the same charge as the identified lepton. 
In the D ~  - n + n + n -  case, the kaon mass was as- 
signed in turn to the particles of the same charge as 
the lepton. This decay mode was not used for the direct 
D o study because of the larger combinatorial back- 
ground. Particle identification was only used to discrimi- 
nate between kaon and pion in D + decays. 

According to the D o or D + decay final states, a 
K -  n +, K -  n + n + or K -  n + n + n -  combination was se- 
lected to compute a secondary vertex in space. At least 
two charged particles among these were required to have 
at least two hits associated in the vertex detector (except 
in the small region where only one hit is possible). The 
momentum vector of each particle was taken from this 
geometrical secondary vertex fit. The D ~ D § or D *§ 
meson was selected if its energy fraction X E ( D )  

= ED/Ebeam was larger than 0.15. 

3.1 D ~  - n + channel  

The reduction of the combinatorial background under 
the D ~  - n + peak is based on two complementary 
methods. One uses the fact that in the selected decays 
of the B mesons, the apparent decay length of D o mesons 
is large (several millimetres) compared to the decay 
length resolution (typically 300 gm). Therefore, the re- 
quirement of a detached secondary vertex reduces the 
combinatorial background significantly. The second in- 
creases the beauty fraction by requiring a transverse mo- 
mentum Pr above 1 GeV/c for the lepton. 
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Fig. 2a, b. a Distribution of the distance in the R ~b plane between 
the secondary vertex formed by a pair of charged particles with 
an invariant mass above 1.5 GeV/c 2 and the primary vertex, b Dis- 
tribution for the same quantity divided by its error 

Charged particles were considered if they had mo- 
mentum above 1.5 GeV/c. The transverse decay length, 
A L, is the distance in the R q~ transverse plane between 
the primary and secondary vertices. This decay length 
was given the same sign as the scalar product  of the 
pair momentum with the vector joining the primary to 
the secondary vertex. 

Figure 2a displays this decay length distribution for 
all combinations with an invariant mass above 
1.5 GeV/c 2. The width corresponds to a decay length 
resolution of 300 gm, including both primary vertex and 
secondary vertex resolutions, the latter dominating the 
total resolution. The clear asymmetry between negative 
and positive decay lengths is due to beauty and charm 
particle decays. Figure 2b shows the normalised trans- 
verse decay length, A L/a ,  where the transverse decay 
length error, a, is given by the vertex fit. The negative 
part of the distribution is well described by summing 
a Gaussian of unit width and a flat tail due to badly 
associated tracks. 

The K -  n + invariant mass distribution obtained for 
combinations where A L / a  is greater than 1 is displayed 
in Fig. 3. A fit was performed to extract the number 
of reconstructed D o with the background described by 
an exponential. The signal was the sum of two terms: 
a Gaussian at the observed D o peak and a second func- 
tion describing the K - n  + mass spectrum originating 
from the decay D o -* K -  rc + n ~ as predicted by the simu- 
lation [7]. The ( K - n  + n ~  +) ratio was fixed to 
the Monte Carlo expectation of 1.8, which takes into 
account the relative branching fractions and the kine- 
matics of the K -  n + n ~ decay channel. The fit yields 92 
+ 14 D o decaying into K -  n +. The width of the D o peak 
is 16___2MeV/c 2, in agreement with the Monte Carlo 
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Fig. 3. K ~+ mass  d is t r ibut ion  from semileptonic events. The 
points  cor responds  to the K mass ass ignment  for the particle in 
same direct ion ( p ( f - ) . p ( K - ) > 0 )  and  with the same charge as the 
lepton. The  lepton t ransverse m o m e n t u m  is above  1 GeV/c  and  
the apparen t  decay length of the K ~ pair  fulfills AL/a > 1. The 
curve is a fit wi th  three  cont r ibu t ions :  an  exponent ia l  backg round  
(dashed line), a pa ramet r i sa t ion  of the D O ~ K -  ~z + (Tz ~ signal where 
the ~z ~ is no t  detected ( K -  ~+ mass  below 1.8 GeV/c2), and  a Gaus-  
sian shape for the D O ~ K -  ~+ signal 
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Fig. 4. Background  subt rac ted  and  acceptance corrected XE(D ) dis- 
t r ibu t ion  of the reconst ructed  D o events (points). The  h is togram 
cor responds  to the M o n t e  Car lo  s imu la t i on /~ -*  D o f - X  [7] 

expectation, while the mean mass (1852_+2 MeV/c z) is 
12 MeV/c 2 below the world average value [8]. This mass 
shift is attributed to residual alignment errors of the dif- 
ferent detectors used in the tracking and to an imperfect 
correction for the energy lost in the material crossed 
by the particles before the detectors. 

The D O candidates were selected if their invariant 
mass was in the range 1810-1890MeV/c 2. The back- 
ground from the fit is 35 4-5%. The background energy 
spectrum was obtained from an average of two sources 
in order to take into account possible systematic bias: 
the wings of the mass peak (in the intervals 
1.7-1.8 GeV/c 2 and 2.0-2.1 GeV/c z) and the "K"Tr spec- 
trum where the pseudo-kaon particle was incompatible 
with a real kaon according to the d E/d x measurement. 
The latter distribution has no contribution from real 
D mesons. The quality of the dE/d  x measurement can 
be seen on Fig. lb,  where the difference between the ob- 
served dE/dx  for the kaon track of the D o candidate 
and the expected kaon ionization loss is displayed. This 
agrees with the sample of kaons selected by the RICH 
(Fig. 1 a). Since pion and kaon ionization curves have 
the same momentum dependence, no significant bias is 
expected from this background selection. 

The reconstruction efficiency, computed using the 
Monte Carlo simulation, was found to be almost con- 
stant over the D o energy range. The acceptance corrected 
XE(D)= ED/Ebeam distribution is displayed in Fig. 4. The 
solid line corresponds to the Monte Carlo prediction 
which includes 20% of D** mesons from B decays. The 
b fragmentation function reproduces the inclusive lepton 
spectrum [6]. The observed XE(D) distribution is in 
agreement with the prediction, perhaps a little softer. 
The softness of the observed distribution supports the 
hypothesis that all these D o come from B decays, since 
D from primary charmed quarks should have a much 
harder XE(D) distribution. 

Another check of the source of these D o mesons is 
their apparent proper time distribution. Those originat- 
ing from charm will have a pure exponential distribution 
corresponding to the well known D o lifetime. Those orig- 
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Fig. 5. A p p a r e n t  p roper  t ime dis t r ibut ion  of the reconst ructed  D O 
mesons after background subtraction. The solid line (arbitrary nor- 
malisation) corresponds to the expected behaviour of D mesons 
directly produced by charm quarks and the histogram to D mesons 
originating from B decays 
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inating from beauty will have a much flatter distribution. 
Figure 5 shows the observed distribution and the predic- 
tions assuming a pure charm source (solid line) and a 
pure beauty source (histogram) generated with a B me- 
son lifetime of 1.2 ps. The distribution clearly indicates 
B mesons are the dominant  source of these D ~ 

3.2 D + --+ K -  ~ + ~ + channel 

The D + --+ K -  ~ + ~ + decay was reconstructed in a simi- 
lar way as the previous channel: 

- A lepton with pr  above 1 GeV/c was asked for. 
- The momenta  of the kaon and pion candidates had 
to exceed 1.5 and 1 GeV/c, respectively. 
- A  secondary K - g +  ~+ vertex was computed. The 
track combinat ion was retained if the Z 2 probabil i ty was 
larger than 1% and if the apparent  transverse decay 
length fulfilled A L/~  > 1.5. 
- However, due to the larger combinatorial  background 
under the D + signal, the measured d E / d x  of the kaon 
candidate was in addition required to be two standard 
deviations lower than the theoretical energy loss of a 
pion. 

The contaminat ion of the remaining sample by the decay 
chain D *+ --*D~ + followed by D ~  - ~+ was elimi- 
nated by rejecting all combinations where A M  
= M ( K -  ~+ ~ + ) - - M ( K -  ~z +) was less than 150 MeV/c 2. 
The invariant mass distribution K - g +  ~+ of the final 
sample is displayed in Fig. 6 when associated to a lepton 
f -  (solid line histogram) or ~+ (hatched histogram). The 
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Fig.  6. K -  ~ § n § mass distribution obtained on semileptonic events 
where the kaon candidate and the associated lepton of same direc- 
tion have the same charge (solid line histogram: p(Y ) . p ( K - ) > 0 )  
or opposite charge (hatched histogram: p(#+).p(K )>0). The se- 
lections are described in the text (see Sect. 3.2). The curve is a 
fit where the background is described by a linear function and 
the signal by a Gaussian 

D + f  - signal, 3 5 + 8  events, was determined by fitting 
a linear function for the background and a Gaussian 
for the D + peak. The fitted D + mass is 1862_+ 3 MeV/c 2, 
slightly lower than the expected value 1869.3 
_+0.5 MeV/c 2 [8], and the width is 13+3  MeV/c 2. No 
signal was observed in the wrong sign D + f -  sample. 
The D + candidates were selected for the B lifetime mea- 
surement if their invariant mass was in the range 1830- 
1900 MeV/c 2. The background was taken in the ranges 
1600-1800 and 1940~2140MeV/c z. Due to the lower 
production rate times branching fraction into K -  K + n + 
final states, the Ds contaminat ion in the background was 
estimated to be negligible. 

3.3 D *+ ~ ( K -  n+)~  + or ( K -  n + n + ~ - ) n  + channels 

The selection criteria for the decay D *+ ~ D ~  + fol- 
lowed by D o ~ K -  ~ + or D o ---> K -  ~ + ~ + n -  relied main- 
ly on the peculiar kinematics of the pion from the D* + 
decay, hereafter called the bachelor pion, and on the 
reconstruction of pr imary and secondary vertices. 

Due to the different combinatorial  backgrounds and 
kinematics, different selections on the momenta  were 
used in the two channels: the K momen tum had to ex- 
ceed 1 GeV/c (2 GeV/c), while the ~ momen tum had to 
exceed 1 GeV/c (0.4 GeV/c) in the K ~ (K 3 ~) modes. 

To reduce the combinatorial  background in the K 3 
mode, the impact  parameter  of each track with respect 
to the secondary vertex was required to be less than 
0.75 cm, the apparent  transverse decay length had to ful- 
fil A L / a  > I, and a lepton with PT larger than I GeV/c 
was asked for. 

To reduce the combinatorial  background in the K 
mode, the angle 0* between the D o flight direction and 
the kaon direction in the D o rest frame was required 
to satisfy c o s 0 * > - 0 . 9 .  For  genuine D o candidates an 
isotropic distribution is expected whereas the back- 
ground is strongly peaked in the backward direction. 

The mass difference A M = M ( " D  ~ ~z) -- M ( " D  ~ was 
computed by adding in turn all possible bachelor pions, 
where "D o' '  refers here to candidate K n or K 3 ~ combi- 
nations without their mass being constrained to the D o 
mass. In order to reject poorly measured tracks, only 
charged particles with an impact  parameter  lower than 
0.3 cm with respect to the pr imary vertex were retained 
as bachelor pion candidates. Their resolution was en- 
hanced by taking their four -momentum after fitting to 
pass through the pr imary vertex. These requirements im- 
prove the A M resolution and the signal-to-noise ratio 
without loss of genuine D* + from B decays. The bachelor 
pion momen tum had to be between 0.3 and 4.5 GeV/c, 
co rresponding to 0.15 < X~ (D* + ) < 1.0. 

The mass difference A M is shown in Fig. 7 a and b 
for the (K n)~ and (K 3n)~ modes. These distributions 
are given for a (K:~) or (K3~)  mass between 1820 and 
1900 MeV/c z. The unhatched histogram is the ( K - ( - )  
charge combinations and shows a clear signal for the 
D *+ f -  associations, whereas the hatched histogram 
shows the wrong ( K - f + )  combinations which do not 
give a D* + signal. 
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Fig. 7a ,  b. AM=M((K-n+)~z+)--M(K ~z +) a, and  AM 
=M((K ~+ ~+~-)~z+)--M(K n + n +  ~z ) b d is t r ibut ions  for 
events  where  the  kaon  candida te  and  the associa ted  lepton of same  
direction have  the  same  charge  (solid line h i s tog ram:  
p ( C - ) . p ( K - ) > 0 )  or  opposi te  charge (hatched h i s tog ram:  
p ( f + ) . p ( K - ) > 0 ) .  The  (K~)  or  ( K 3 n )  mass  interval  is 1 8 2 0 < M  
< 1900MeV/c  2 and  the  selections are described in the text (see 
Sect. 3.3). The  curve is a fit to the sum of a G a u s s i a n  and  of a 
funct ion ~(A M--m,O p in order  to describe the  signal and  the  back-  
g round ,  respectively 

The signal in the mass difference distribution was de- 
scribed by a Gaussian and the background by the func- 
tion a ( d M - m , )  p (curves in Fig. 7). The number  of 
(D *+ #- )  events is 3 0 + 6  in the ( K r  0 mode and 3 1 _ 1 0  
in the (K 3re) mode, with a signal/background ratio of 
4.7 and 1.3, respectively. The mean A M  are 145.3+_0.1 
and 145.3 +_ 0.2 MeV/c 2, respectively, in good agreement 
with the mass difference 145.44_+0.06 MeV/c 2 between 
D* + and D o mesons [8J, and the resolution is 0.7 MeV/c 2 
in both  cases. 

A particle combinat ion was retained as a D* + candi- 
date if the K ~  or the K3~r mass was in the range 182(~ 
1900MeV/c 2 and if the A M  was between 143.5 and 
147.5 MeV/c 2. 

4 Decay fraction of b quarks to ~0 and B-  

Events in which a D o or a D* + is produced in association 
with a lepton are largely dominated by B ~ and B -  de- 
cays. Since these semileptonic decay rates have been 
measured by lower energy experiments at threshold [2, 
9], the probabil i ty that  a b quark produces a B ~ or a 
B -  can be deduced. This measurement  is interesting for 
two reasons: firstly, once the B ~ and B -  production is 
known, then the total amount  of Bs and Ab can be evalu- 
ated; secondly, the B ~ fraction is a key parameter  in 
the interpretation of the mixing parameter  Z. 

When comparing LEP and F(4S) measurements,  it 
is important  to check that the product ion of B* or B** 
mesons that occur only at LEP does not bias the com- 
parison. This would occur if the fractions of B ~ and B -  
production were affected by the production of these ex- 
cited states, in a fashion similar to the charm case where 
the decay D *~ ~ D § re- is kinematically forbidden. How- 
ever this is not the case for B decays, since B* mesons 
decay into a B meson and a photon,  and B** mesons 
are estimated to lie far above the pion threshold [10]. 

The measurement  proceeds as follows: let fa(f,)  be 
the probabil i ty that a b quark produces a B ~ (B-)  meson, 
and let d~o (dn-) be the D o meson yield in B ~ (B-)  semi- 
leptonic decays. Neglecting at this stage the D o from 
Bs and Ab semileptonic decays, the fraction of b semilep- 
tonic decays containing a D o is: 

P~l(b ~ D O f -  X) =fe d~o + f ,  d s - .  (1) 

The probabilities fa and f ,  are now assumed to be equal, 
because of the S U2 isospin symmetry and because the 
mass difference between Bo and B -  mesons is small [-11]. 
Hence: 

Psl(b --* D O f -  X) =fd(dBo q- dB ). (2) 

The term (d~o+d~-)/2 is the average inclusive D o yield 
in /~ semileptonic decays from the F(4S) and is 
0.79_+0.10+0.07 for the D o [2] and 0 .39+0.10+0.04 
for the D *+ [9, 12]. Furthermore,  since D o and D *+ 
are used in the same decay channels as at low energy, 
all the branching fractions cancel in the comparison. The 
probabili ty that  a b quark produces a B ~ (or B - )  meson 
is: 

1 PLEp(b---~D~ 
fa =~" Prt4s)(B ~ D O E- X)  " (3) 

The same formula holds true for the D *+ production, 
so in practice the two measurements can be combined. 
Thus the relative inclusive D o and D *+ production in 
b semileptonic decays should be the same at LEP and 
at the Y(4S) resonance. 

The acceptance times the efficiencies is 12% for the 
D ~  - with lepton PT above 1 GeV/c where D ~  lr +, 
and 15% for the D *+ •- where D *+ ~ ( K -  rc+)Tr +. The 
contribution from D*+s production followed by a 
semileptonic decay of the [5 daughter is estimated from 
the Monte  Carlo simulation [-7] to be 1 4 + 5 %  of the 
generated / ~ ~  f - X  events. This proport ion of 
events was subtracted from the D *+ E-  sample. In the 
D ~  - sample, the requirement that the lepton PT is 
above 1 GeV/c avoids the similar contribution from 
D~163 Using the branching fraction Fb/Fhad'Br(b 
~ # -  X) = 0.0238 _+ 0.0004(stat.) _+ 0.0012(syst.) as mea- 
sured at LEP [6, 13], the fraction of b semileptonic de- 
cays containing a D o or D *+ is: 

Psl(b ~ D ~  - X) = 0.84_+ 0.13 _+0.17, 

Psl(b -o D* + E-  X) = 0.28 + 0.06 _+ 0.06, 
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from which the following results can be derived: 

(i) P~l(b --,, D* + ~- X)/Psl (b ~ D O ~- X) = 0.33 +__ 0.09 ___ 0.05. 
In the systematic error, the contributions from the lepton 
identification and D O reconstruction cancel. This ratio 
is compatible with the value 0.50__ 0.15 observed at the 
Y(4S) resonance [2, 9]. 
(ii) fa = 0.53 _ 0.08 (stat. DELPHI)___ 0.07 (stat. Y(4 S)) 
+ 0.10(syst.) using the D O sample, 
(iii) fa = 0.36 ___ 0.07 (stat. DELPHI)  ___ 0.09 (stat. Y(4 S)) 
-t-0.07 (syst.) using the D* + ~ (K-  n +)n + sample. 

The systematic uncertainties come from the b semilep- 
tonic branching fraction, the lepton identification and 
the D reconstruction efficiencies. The VD efficiency was 
measured from the data by looking at the fraction of 
reconstructed D o where the two particles (K re) have asso- 
ciated hits in the VD, in an inclusive D* + sample where 
no VD information was required. A correction factor 
0.97+0.03 to the D o reconstruction efficiency of the 
Monte Carlo simulation was determined. 

Some c?  and bb-events could produce a D meson 
associated to a 'fake'  lepton, or a ' fake'  D meson asso- 
ciated to a lepton. These events were neglected because 
no D + (+ or D *+ f+  pair was found in the data sample. 
Similarly the number of D o candidates has been found 
negligible in the wrong sign K + r e -~ -  sample: as the 
wrong assignment of the kaon mass among the two par- 
ticles of a true D o may mimic a wider D o peak, this 
contribution was estimated from simulation and sub- 
tracted before evaluating the amount  o f K  + zc- f -  candi- 
dates. 

It is important  to notice that the above method does 
not depend of the exact source (B- or B ~ of the D o 
or D* + mesons since it is based on the total D produc- 
tion from these two B mesons. 

The combined result gives, taking into account the 
sources of systematics common to both analyses: fe 
= 0.45 + 0.08 (stat.)_+ 0.09 (syst.). This value offa is slightly 

overestimated since all the observed D o or D *+ were 
assumed to come only from B-  and B ~ mesons. Since 
the probability of b quarks producing /3s and Ab is 1 
-- 2fa, and assuming that the fraction of their semilepton- 
ic decays to D o or D *+ is 0.10_+0.10, )ca is reduced by 
0.01: 

fe = 0.44 _+ 0.08 (stat.) • 0.09 (syst.). 

This is the first direct measurement of this parameter 
which is relevant to the determination of the mixing 
properties of B ~ and Bs mesons, and where a value of 
2fa = 0.75 is usually assumed. 

In order to check that most D *+ ~-  originate from 
a B ~ decay, the total measured D* + ( -  production can 
be compared with the expectation for the exclusive decay 
B ~ ~ D* + ~-  g. At LEP this is given by the b ~/~o pro- 
duction fraction, fe, times the ratio of the branching frac- 
tions Br(B ~ ~ D* + f -  ~7)/Br (B ~ ~ X Y- ~). These branch- 
ing fractions are 4.8+0.4_+0.4% [3, 12, 14] and 
9.9 + 3.0_+0.9% [15], respectively. Hence the expected 
fraction for the exclusive process is 0.21 _ 0.09 to be com- 
pared with the observed value of 0.28_+0.08 for all 

D* + f -  production, part of the errors being correlated. 
The D* + f -  sample is thus dominated by the/~o decay 
channel but there is room for some contribution from 
B-  through D** contribution (see Sect. 7). 

Finally, assuming that the b quark always produces 
B ~ B- ,  Bs o r  Ab, the sum of Bs and A b production can 
be derived, although with a large uncertainty: 

f~+fab= 1 - 2fa = 0.12_+ 0.16 (stat.) • 0.18 (syst.). 

5 B energy reconstruction 

The estimate of the B energy was based on the 'residual '  
energy taken by the hadronization particles accompany- 
ing the B meson. It was assumed that the only nonrecon- 
structed particle in the lepton hemisphere (where the 
hemisphere axis is the thrust axis) is the neutrino of the 
B semileptonic decay. Then the residual energy is the 
total energy reconstructed in the lepton hemisphere less 
the energy already associated to the B decay products 
(lepton and D meson). The B energy was estimated by 
subtracting this hadronization part from the beam ener- 
gy. Since the residual energy represents only around 
13 GeV, the estimated error will be of the order of 2 GeV 
and will lead to an error of 8% on the B energy. This 
method is thus quite powerful in principle but two sys- 
tematic effects must be taken into account: 

(i) When the B decays into a D* or a D**, the pions 
or photons coming from the excited D meson decay will 
be included in the residual energy computation, which 
leads to an underestimation of the B energy. To account 
for this, the D o energy has to be scaled according to 
the Monte Carlo simulation [-7] by a factor 1.08 which 
includes the different D meson production fractions and 
the corresponding part of the energy taken by the final 
D ~ The final result is a correction factor of 1.04_+0.02 
on the B energy. 
(ii) The residual energy may be only partially recon- 
structed, and it will therefore be underestimated. The 
induced overestimation of the B energy can be obtained 
from simulation and the correction factor is found to 
be 0.96_+0.01. As a check, the observed overall shape 
of the residual energy distribution is well reproduced 
by the Monte Carlo simulation. 

This correction factor has also been determined using 
only the da ta  in the following way. The B energy can 
also be analytically obtained from the equations of ener- 
gy-momentum conservation, provided one has an esti- 
mator  of the B flight direction, for which the thrust of 
the lepton's jet was used. In most of the cases two possi- 
ble solutions are found and an algorithm has been de- 
fined to extract the best estimator of the B energy. The 
choice between the two possible solutions requires a 
rough a priori knowledge of the fragmentation function. 
Therefore, the algorithm cannot be used for the measure- 
ment of the b fragmentation function. But for a given 
choice of the B energy, this algorithm method was found 
to be quite robust to other systematic effects, such as 
the effect (i) mentioned above, and does not depend at 
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all on the residual energy reconstruction. The compari- 
son between the two methods shows that the B energy 
estimated from the residual energy reconstruction has 
to be decreased by 3.5%, in good agreement with the 
previous correction factor 0.96 -4- 0.01. 

In conclusion, these two effects (i) and (ii) are of the 
same order, and tend to compensate each other. The 
energy resolution is 8%, according to the Monte Carlo 
simulation. The residual energy method is not applicable 
for 20% of the events, due to badly measured charged 
or neutral particles which would give an estimate of the 
B energy much below the energy of the D-lepton system. 

Another way to estimate the B momentum is to con- 
sider its correlation with the observed D (  momentum 
of the Monte Carlo simulation E7] where the D** contri- 
bution is taken into account: 

p(B)=p(D#  )/E0.41 + 0 . 0 1 3 p ( D ( - ) ] .  (4) 

The corresponding momentum resolution is 14% in av- 
erage and follows: 

a(p)/p(B) = 0.36 - 0.0082. p (D {-)(GeV/c).  (5) 

These formula were used when the residual energy meth- 
od was not applicable and for the B lifetime measure- 
ment. 

The fragmentation distribution obtained using the D o 
data, after background subtraction and acceptance cor- 
rection, is shown in Fig. 8. It is the first measurement 
of the b fragmentation function where the energy of each 
B meson is individually reconstructed and constitutes 
therefore the most direct measurement of this fragmenta- 
tion function to date. 

In order to determine the mean B meson energy, the 
measured XE(B) was empirically fitted using a Peterson 
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Fig. 8. Distribution of XE(B), the B meson energy divided by the 
beam energy. The points represent the data, after background sub- 
traction and acceptance correction. The solid line is a fit to the 
data with a Peterson function (see footnote of Sect. 5) when XE(B) 
>0.25 

function* (solid line of Fig. 8) for XE(B ) larger than 0.25. 
The mean value of the fitted distribution is: 

(X~(B) )  = 0.695 -4- 0.015 (stat.) -4- 0.029 (syst.) 

in good agreement with estimates from inclusive lepton 
spectra [17]. 

6 Average B l ifetime using D o t ~- ,  D + ( -  
and D* + ~ -  samples 

As already discussed in Sect. 4, the D o # -  and D + ( -  
(or D *+ ( - )  samples are dominated by B-  and B ~ de- 
cays, respectively. In this section the B lifetime is mea- 
sured in these D (  samples separately. In the next sec- 
tion the B + and B ~ lifetimes will be evaluated. 

The B meson mean lifetime was determined from 
maximum likelihood fits to the B proper time distribu- 
tions of the D ~  D + (  and D* + ( -  samples. These 
used an analysis of the decay lengths shown diagrammat- 
ically in Fig. 9. It is also possible to obtain the lifetime 
ratio of B ~ and B + by trying to extract their respective 
semileptonic branching fractions from the observed 
yields of the DO( and D + ( (or D *+ ( - )  samples. This 
is not done in the present analysis since it was found 
that the sensitivity of this method is smaller than the 
direct measurement of the lifetimes described below. 

In order to enhance the secondary vertex resolution 
as well as to reject spurious vertices, the lepton was re- 
quired to have hits associated in the vertex detector, 
with the same criteria as the K n pair of the D o (see 
Sect. 3.1). For DoE - events, the maximum distance be- 
tween the extrapolated tracks (K ~) with respect to their 
common vertex in space was required to be less than 
4 ram. Furthermore those D o already observed to be D* + 
decay products were rejected. From the 92 initial D o f -  
events, 78 candidates remained. Of these, 70 events gave 
a satisfactory D~ vertex and were used for the 
lifetime measurement. 

*The Peterson fragmentation function [16] Do(z)ocl/(z.[l 
--(1/z)--ed(1--z)] z) is defined with respect to z=(E+P~)B/(E+Pt)b 
and with the Peterson coefficient e b. Here it is used with respect 
to XE(B)=EB/Ebe.m and with an effective coefficient 

lepton 
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B V3 ................ ................'"'" "" 
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Fig. 9. Sketch of a/~o ~ D* + ~- v event followed by D* + ~ D o rc + 
and D~  re+: primary interaction vertex (Ve), B decay vertex 
(VB) and D o decay vertex (VD) 



Table 1. Selected background samples for 
the B lifetime determination D meson signal 
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D O c K  ~+ 

D + ~ K  ~z + ~+ 

D * + ~ ( K  n+)Tr + 

D *+ ~ ( K -  7r + u + n-)Tr + 

Background Background Background 
sample (K (n) ~z) mass range A M range 

(MeV/c 2) (MeV/c z) 

(K ~z )d + 1760 1960 - 
(K - ~ +) d + 2000-2200 

(K- ~z + rc+)d + 1600 1800 or 1940-2140 > 150 

(K- g+)Tr + (+ 1720-2000 < 160 

(K 7r + rc + 7r-)~ + ,d + 1600-1700 or 2000-2100 150-155 

The D o or D + momen tum was computed with its 
error matrix at the measured K ~z, K 2 zc or K 3 zc second- 
ary vertex in space. A D~ D+-lepton or 
D~ (in case of D *+) vertex was then fitted in 
space. As the precision of the fitted vertex position is 
much better in the R ~b plane, the coordinates of the 
secondary vertex were taken in this transverse plane. 
Considering the polar angle of the D d -  total momen tum 
system as a reliable estimate of the B direction, the B 
decay length was then computed in space. The B decay 
length was signed according to the D d -  direction. The 
B meson momentum was obtained from the D # -  mea- 
sured momentum,  using the formula given in Sect. 5 (4). 
This formula was used for all events. The method of 
the residual energy, when applicable, was used for sys- 
tematic cross-checks. The B proper time could thus be 
extracted on an event-by-event basis. 

The proper  time distribution of the combinatorial  
background below the D meson signals was evaluated 
by selecting some event samples in the neighbourhood 
of the D mass, as displayed in Table 1. 

If different K mass assignments were possible within 
the same set of (K- r r+zr  + re-) charged particles, then 
only one combination was retained for the proper time 
measurement  and the signal-to-noise ratio was corrected. 

The B meson mean lifetime z was determined from 
the event-by-event maximum likelihood fit to the proper  
time distributions of the D d -  samples. The input of the 
fit for each event was: 

- the measured B decay length L with its measured error 
r;L, computed from the error matrix of the pr imary and 
secondary vertices; 

- the reconstructed B momentum p with its estimated 
error ap (5). 
The resulting proper  time ti = L/(fl ~ c) = (mdp)" (L/c) with 
the uncertainty a i given by (6i/ti) 2 = (ffL/L) 2 + 07p/p) 2 were 
used to compute the probabili ty P(G a~, z) of observing 
a proper  time ti within the interval It1, t2] :  

P(ti, ai, z )=f ( t i ,  ai, z) f ( t ,  ai, z) d t, (6) 
I t  I 

where f ( G  ai, z) is a convolution of an exponential 
e x p ( - t / z )  with a Gaussian function of width a~: 

1 +0o 
f ( t i ,  ai, z ) = - -  ~ e-t/~e-(t-t')2/2"?dt 

"f ~i ] ~  0 

(7) 

= ;'exp L -- J'erfc \ z (8) 

Two event samples were considered: the D d -  sample 
itself with NT events and an independent background 
sample with N~ events. The mean  lifetime z was obtained 
from the maximum of the log likelihood function 

log P (tl, ai, z) - r ~, log P (ti, ai, z) , (9) ~9 = NN~ST i i=1 

with ti as variable, and where NT = Ns +Nn is the sum 
of signal and noise events in the D d -  sample and r 
=Nn/N~ is the statistical weight factor for the back- 
ground sample. The factor Ns/NT, which takes into ac- 
count the background contribution (NB) in the statistical 
error, allows different samples to be combined with their 
appropriate  statistical weight. The fit was performed on 
all events with a proper  time between - 2  and + 10 ps. 
For  the samples where the D mesons were selected with 
a normalised decay length A L/a greater than 1 or 1.5, 
the function f ( G  ai, z) was corrected using an acceptance 
function depending on t~, derived from the Monte  Carlo 
simulation. Without  this acceptance correction, the fitted 
B lifetime would be overestimated by 5% in average. 
The results are presented in Fig. 10a-d  and summarised 
in Table 2. 

As a cross-check of the lifetime measurement  method 
and of the analysis procedure, the decay length between 
the measured D~ or D~ vertex and the 
measured K rc vertex (Fig. 9) was used to fit the D o life- 
time (Fig. 10e). Similarly the decay length between the 
measured D +-lepton vertex and the measured K rc 7r ver- 
tex was used to fit the D + lifetime (Fig. 10f). The values 
found are: 

+ 0 073 
z(D ~ = 0.439_0106i (stat.) ps 

and 

+ 0 3 0  
z (D +) = 0.87 _ 0122 (stat.) ps. 
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Table 2. B lifetime measurements for the 
selected B ~ D f X decays Figure /~ decay D decay Signal Signal-to-noise b lifetime (ps) 

events ratio 

_ 1 27 + 0 . 2 2  10a D ~  D ~  70+12 2.0 . 0.18 (stat.) 

+0  39 
10b D + E - X  D + ~ K z c z c  30___7 1.6 1.18 0127(stat.) 

+0  34 
10c D *§ d - X  D *§ ~(K;z)n  22___5 4.9 1.03_0124(stat. ) 

. _ _ + 0 4 1  
10d D *+ ~ - X  D *+ ~ ( K  3n)Tz 26_+7 1.4 t.33_0128(stat. ) 

+ 0 2 5  
D *+ Y - X  (K~z)Tz and (K 37z)Tz combined fit 1.19 _ 0119 (stat. ) 

1 1 +0.20 . D (*)+ Y- X D + and D *+ combined fit . 9_0.16(stat.I 

+0  14 
11 D ~ - X  D ~ D § and D *§ combined fit 1.23_0113(stat.) 
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Fig. 10a-f. Measured B proper time distributions in the four data 
samples after background subtraction: B ~ D ~  followed by 
D~ ~ K -  ~ + a, B-~  D § E X followed by D + ~ K -  ~ + ~ + b, /3 
~ D  * + f - X  followed by D * + ~ ( K - ~ + ) z +  c or D *+ 
~ ( K -  z+ ~z + 7z-)n + d; and measured D O and D + proper time dis- 
tributions with D O decaying into K - ~ +  e and D + decaying into 
K - n +  n+ f, respectively. The curves are the result of an event-by- 
event maximum likelihood fit where the normalised background 
distribution was subtracted. The fitting interval is [--2.0, + 10.0] ps 

They agree with the world average values 
0.420_+ 0.008 ps and 1.066 _+ 0.023 ps, respectively [8]. 

In summary, the B lifetime has been measured in 
DO( - ,  D + t ~- and D *+ ( -  samples: 

(B) = 1.27 + 0.22 (stat.) + 0.15 (syst.) ps, 
--0.18 

where/3 ~ D O ( -  X, 

+0.39.  _+ 0.15 (syst.) ps, 
( B )  = 1 . 1 8  _ 0.27 (stat.) 

where B ~ D + E- X, 

+ 0 2 5 .  
z (B)=l .19  0"19(stat.)_+0.15(syst.)ps, 

where B --* D* + # -  X, 

where both K rc and K 3 rc modes of the D* + E- sample 
were used in a combined fit. The different contributions 
to the systematic uncertainty are summarised in Table 3. 

Evaluating the B momentum from (4) or from the 
residual energy method, as explained in Sect. 5, changes 
the measured B lifetime by 6%. The systematic uncer- 
tainty of 9% due to the reconstruction of the B decay 
length was estimated by computing the primary interac- 
tion vertex with different selections for the charged parti- 
cles. 

As already discussed in Sect. 4, part of the D* + f -  
sample is produced by the decay B ~ D* + / )X  followed 
with a semileptonic decay of the /5 daughter. As a PT 
cut is applied on half of the D* + (into (K 37c) re) sample, 
this contamination affects only 7% of the D* + f -  events 



Table 3. Contributions to the systematic uncertainty of the mea- 
sured B lifetime 

Systematic uncertainty a,/'c ( B) 
(%) 

B momentum estimator (without D** contribution) 6 
D** contribution to the B momentum 2 
B decay length reconstruction method 9 
Evaluation of the B decay length error aL 2 
Acceptance (AL/a selection) 3 
Choice of the proper time interval 3 
Signal-to-noise ratio 1 
Total 12 
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Fig. 11. Measured B proper time distribution when adding the four 
data samples after background subtraction:/~-* D O •-X followed 
by D ~  + , B-*D+ f - X  followed by D+ -*K-Tz+rc +, B 
-*D *+ ( - X  followed by D *+ -*(K- rc+)n + or D *+ 
-*(K-n + ~z + n-)~z +. The curve is the result of an event-by-event 
maximum likelihood fit where the normalised background distribu- 
tion was subtracted. The fitting interval is [-2.0, + 10.0] ps 

on which the change in the measured B lifetime was 
found small according to the simulation. This contribu- 
tion was thus neglected. 

The full sample can also be used to determine an 
averaged B meson lifetime using semileptonic events to- 
gether with a reconstructed charmed D meson (Fig. 11): 

+ 0  14 
r (B)= 1.23_ 0"13(stat.)+0.15(syst.). _ _ _ _ -  ps. 

Note that this result uses more information than results 
based on the impact parameter of the lepton only [17]. 
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7 B + and B ~ lifetimes 

Inside the D (*)(- samples*, the relative proportions of 
B + and B ~ mesons have to be evaluated in order to 
determine the B + and B ~ lifetimes. As discussed earlier, 
decays to D o and D(*)+ can occur through B-  

D (*)~ # -  ,7 or/~o _~ D(.) + # -  ,~ decays, as well as by de- 
cays to a D** excited state, or to nonresonant D(*)(n)n. 

Some D** mesons have been observed at lower ener- 
gies [18, 19] and in photoproduct ion [20]. These states 
have a mass of about 2.42 and 2.46 GeV/c 2 and their 
favored spin-parities are: i f =  1 + for the lower and f f  
= 2  + for the higher D** mass. According to the CLEO 
experiment at the Y(4S), only 64 _+ 12% of B meson semi- 
leptonic decays occur through the channels / ~ D  # - 9  
a n d / 3 ~ D * # -  ~ [2]. Thus 3 6 + 1 2 %  are due to D** or 
nonresonant D(*)(n)lr production (called also D** for 
simplification in the following). If these D** mesons de- 
cay into D(*)n, they can contribute to the DO# - and 
D (*)+ # -  samples. In fact they have two consequences: 
the main one is that a D** may decay into D*n or 
into D n, thus mixing the relative proportions of B ~ and 
B-  in the D #-  samples. In addition the reconstructed 
B momentum has to be corrected for the unseen soft 
pion(s) from the D**, as already mentioned in Sect. 5. 

Another source of dilution is the non-reconstruction 
of the bachelor pion in the decay B ~ D* + # -  X followed 
by D* + ~ D o ~+. Since 15_  2% of the reconstructed D o 
are measured to come from a D* + decay and since the 
reconstruction efficiency of the bachelor pion is 75 + 5%, 
only 8 + 3 %  of the remaining D ~  events originate 
from a B ~ due to this mechanism. This dilution is small 
compared to the D** contribution, but is taken into ac- 
count. 

The relative amounts of B-  and B ~ mesons inside 
the DoE . and D (*)+ # -  samples are detailed in the Ap- 
pendix. When normalising the different contributions, 
the lifetimes ~(B +) and ~(B ~ of the B + and B ~ mesons 
can be obtained by a combined fit on the three data 
samples (D O ( - ,  D + # -  and D* + #- )  where the probabili- 
ty P(h,  ai, T) involved in (9) is expressed as: 

( 1 - ~ ) ' P ( h ,  ai, "c(B+)) + a. P(ti,  ai, z(B~ 

for B ~ D ~  (10) 

(1 - f l+ ) ' n ( t l ,  ai, z(B~ "P(h, ai, z(S+)), 

for B ~ D + f - X ,  (11) 

(1 - -  f i , ) .  n ( t i ,  a i ,  z (S~ + f l , .  P (t,, ai, "c (S +)), 

for B ~ D * + E - X ,  (12) 

with e = 0.28 + 0.05 0 25 + 0.08 + 0.09 
--0.05'  f i+=  " --0.10'  f l . = 0 . 2 0 _ 0 . 1 2  

where the error reflects the uncertainty on the B branch- 
ing fractions into D g -  X final states. 

* Hereafter the notation D (*) will stand for a D meson or as well 
for a D* meson 
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The charged and neutral B meson lifetimes are found 
to be: 

+ + 0 3 3  
r(B ) = 1.30_0129(stat.) _+ 0.15 (syst. exp.) 

4- 0.05 (syst. D**) ps, 

+ 0 2 9 ,  
(B ~ = 1.17 _ 0]23 (stat.) 4- 0.15 (syst. exp.) 

_ 0.05 (syst. D**) ps, 

+ 0 5 1  
z(B+)/z(B~ 1.11 _ 0"39 (stat.) + 0.05 ( s y s t . .  _ exp.) 

-+ 0.10(syst. D**), 

where the systematic errors are subdivided into two con- 
tributions: first an experimental uncertainty detailed in 
Table 3, and second the uncertainty on the B--* D f - X  
branching fractions. 

8 Conclusion 

This analysis of charmed D mesons associated with a 
lepton in the same direction has been performed with 
the DELP HI  detector at LEP. From the 1991 data sam- 
ple, 92 D~ -,  35 D + (  - and 61 D * + (  - have been iso- 
lated. From the D o f -  X and D* + f -  X yield, the proba- 
bility that a b quark hadronizes as a B ~ (or a B- )  meson 
is found to be fe = 0.44-+ 0.08 _+ 0.09, corresponding to 
a total (Bs+Ab) hadronization fraction of 0.12-+0.24. 
This is the first direct measurement of the fe parameter 
which is relevant to the determination of the mixing 
properties of B ~ and Bs mesons. In past analyses a value 
of 2fd=0.75 has usually been assumed. 

The fragmentation function of the b quark has been 
obtained for the first time by reconstructing the energy 
of each individual B meson. It is in agreement with pre- 
vious inclusive measurements. The mean value of the 
B meson energy, expressed in terms of the beam energy, 
is: 

(Xe(B)) = 0.695 _+ 0.015 (stat.) + 0.029 (syst.). 

The following mean B lifetimes have been directly mea- 
sured: 

z(B) = 1.27 + ~ i ~  (stat.)-+ 0.15 (syst.) ps, 

where/3 ~ D O E- X, 

r (B)=  1.18 --0.27+ 039 (stat')-+ 0"15 (syst') PS' 

where/~ ~ D + f -  X, 

1 19 + 0 2 5 "  " "c(B)= . _0"19(stat')+0"15(syst'). _ ps, 

w h e r e / 3 ~ D  *+ E - X ,  

12. + 0 1 4  and z (B) = 3 _ 0]. 13 (stat.) 4- 0.15 (syst.) ps from all three 

data samples. These are in good agreement with the aver- 
aged semileptonic B lifetime measured at LEP 
(z(B) = 1.33 ___ 0.05 4- 0.06 ps [17]). 

The contribution from the decays B--* D** f -  f is esti- 
mated from measurements at the Y(4S) energy, where 
D** stands for an excited charmed meson or for nonre- 
sonant D(*)(n)~ final states. Assuming that this contribu- 
tion is the same for B ~ or B § semileptonic decays, and 
with reasonable assumptions on the D** branching frac- 
tions, then the lifetimes of charged and neutral B mesons 
are: 

+ + 0 3 3  
( B )  = 1.30 _ 0]29 (stat.) -5_ 0.15 (syst. exp) 

-+ 0.05 (syst. D**) ps, 

o + 0  29 
( B )  = 1.17_ 0]23 (stat.) _ 0.15 (syst. exp.) 

+ 0.05 (syst. D**) ps, 

z(B+)/~(B~ 1.11 + ~'~(stat.)-+ 0.05(syst. exp.) 

_+0.10(syst. D**). 

The B + and B ~ lifetimes are found equal within errors. 
This result is compatible with indirect measurements of 
~(B+)/~(B ~ at the )'(4S) energy [2, 3]. It suggests, as 
opposed to the charm case where D + and D o lifetimes 
differ by a factor 2.5, that the spectator model [1] is 
a good tool for the understandsing of B decays. 
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Appendix 

In this Appendix the various inputs necessary to extract 
the B § and B ~ lifetimes are summarised. The following 
B branching fractions have been computed from the av- 
erage of the last CLEO [2, 14] and ARGUS [3] results 
[123: 

�9 Br(B-  ~ O ~  - f ) + B r ( B -  ~ D * ~  - ~) 
= 6.7 _+ 0.8 _+ 1.0% (denoted bo) 
�9 Br(B ~ --*D + { -  ~)= 1.9-t-0.5_+0.2% (denoted b+) 
�9 Br(B ~ ~ D  *+ f -  9)=4.8_+0.4_+0.4% (denoted b,) 
�9 B r ( B ~ D * * ( -  f ) = B r ( B ~ X g -  ~ ) - B r ( B ~ D ( * ) f  f) 
=3.8_+ 1.0%, where Br(B---, X E- f )=  10.5+0.5% [8]. 
According to the Monte Carlo simulation, the selection 
efficiencies for D** E- and D(*)E- events differ by a fac- 
tor 0.90 +0.05. As only a relative selection efficiency is 
involved for the B lifetime measurement, an effective 
branching fraction b** is used: 

b** = Br(B--+ D** g'- ~).(0.90 + 0.05)= 3.4 +0.9% 
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Table 4. Branching fractions of B decays contributing to each D ~- sample (q = Br(D *§ ~ DOn +)= 0.68_ 0.03 as measured by the CLEO II 
collaboration [12], 1 -G---0.75 + 0.05 is the reconstruction efficiency of the bachelor pion in the decay D* § ~ D~ +) 

B decay DOg '- D + f -  D *+ ~- 

a 1 B- ~Dt*)~ f - ~ b o 

a 2 B 0 ~ D  + f -  ~ b+ 

a 3 B 0 ~ D  *+ f -  ~ b, rIG b,(1 -q )  

a4 B- ~D**~ f - ~ with ~b~, 2b**e 
D **~ ~ Dr*)~ rr~ or D t*)+ 7r- +-~ b**(1- e ) ~ / G  +2b**(1-e)(1-q)  

a5 B ~ ~ O** + f -  ~ with 2b** ~b** e 
D **+ --* Dr*)~ n + or D t*)+ no +�89 -e)r iG +�89 

b ,  

2b**(1 --e) 

�89 --e) 

Only  an  averaged D** produc t ion  rate can be deduced 
from the above references. It  will be further assumed 
that :  

�9 Br(B~ ~ D  **+ E-  q ) = B r ( B -  - -*D**~  - q)=b** 
�9 Br(D**+ ~ D ( . ) o u + ) = 2 . B r ( D * * +  ~ D ( . ) +  uo) and  
Br(D **~ ~ D* § ~ - )  = 2. Br(D **~ ~ D *~ n ~ (due to 
isospin rules) 
�9 Br(D** ~ D r O / B r ( D * *  ~ ( D  or D*)n)=e"~O,  or 0.6-  
0.8 in case of 1 § or 2 § spin-par i ty  states [10, 21] (a 
value e = 0 . 4 _  0.4 was used). 
�9 F ina l ly  as already ment ioned ,  the probabi l i t ies  for a 
b quark  to f ragment  into a B ~ or into a B -  are consid-  
ered equal. 

The conten t  of the D E-  samples can then be classified 
as shown in Table  4. 

The semileptonic decays of Bs and  Ab are neglected: 
only 10 + 10% of these semileptonic decays are expected 
to produce  D O or D t*)§ mesons,  their con t r ibu t ion  is 
negligible if the Bs and  A b lifetimes are close to the B § 
and  B ~ lifetimes. The a, fl+ and  fl.  parameters  of Sect. 7 
(10-12) are computed  as: 

~ = [ a a ( D ~  f - ) + a s ( O ~  f - ai(D ~ f -  , 
i 

(13) 

fl+ = a 4 ( D  + f - )  ai(D + f - )  , 
/ L i  = 2 A 

(14) 

fl, = a 4 ( D  *+ f - ) / L ~ 3 a , ( D * +  f - ) ] .  (15) 

The results are: ~ = 0.28 + 0.05 + 0.08 
- 0 . 0 5 '  fl+ = 0 " 2 5 - 0 . 1 0 '  fl* 

0 20 + 0.09 where the error reflects the uncer ta in ty  on  
= " - 0 . 1 2  
the B b ranch ing  fractions into D f -  X final states. 
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