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Abstract

J= mesons have been reconstructed from their decay to �+�� and e+e�,
using the data collected by the DELPHI experiment during 1991 and 1992 at
the LEP collider. From about 1 million hadronic Z decays 153 � 17 J= were
found, 5.4 � 2.3  0 were obtained in the channel J= (! �+��)�+�� and 6.4 �
2.7 �c in the channel J= (! �+��). As the dominant source of J= mesons
is from b quarks, the following branching ratios:

Br(b! J= X) = (1:12 � 0:12 (stat.)� 0:10 (syst.))%

Br(b!  0 X) = (0:48 � 0:22 (stat.)� 0:10 (syst.))%

Br(b! �c1 X) = (1:4� 0:6 (stat.)+0:4�0:2 (syst.))%

were measured. From the proper time distribution of the J= sample, the
average lifetime of b-hadrons decaying into J= was found to be:

�B = 1:50+0:24�0:21 (stat.)� 0:03 (syst.) ps:

A search for completely reconstructed B meson decays to �nal states including
a J= gave a signal of 15 � 5 events.

(Submitted to Physics Letters B)
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1 Introduction

J= mesons are expected to be produced at LEP energies predominantly through the
reaction

Z ! bb; b! J= X: (1)

Other production mechanisms may be gluon fragmentation :

Z ! q�qg�; g� ! J= gg (2)

or charm fragmentation :
Z ! J= c�c (3)

where one of the primary c(�c) quarks associates with a �c(c) from a c�c pair from the sea.
In all these processes, J= may be produced from cascade decays of higher charmonium
states ( 0 or �c). Reactions (2) and (3) (\direct" J= production) are theoretically ex-
pected to give small and approximately equal contributions, at the level of 1% of the
rate from reaction (1), see [1], [2]. Therefore J= events can be used to tag b decays
and to measure the inclusive B lifetime, as well as the individual lifetimes of the various
b-hadrons [3]-[5].

A brief description of the DELPHI apparatus and of the event selection is given in
section 2. In section 3, lepton identi�cation and selection of J= ,  0 and �c are discussed.
Results on inclusive branching ratios and lifetime are presented in sections 4 and 5.

2 Experimental procedure and event sample

This paper is based on the data collected in 1991 and 1992 by the DELPHI detector.
The components of the detector relevant for this analysis have been described in reference
[6], as has the trigger for the hadronic events.

Electromagnetic energies are measured by the High density Projection Chamber
(HPC) and the Forward Electromagnetic Calorimeter (FEMC). The HPC is a gas sam-
pling calorimeter which measures with high granularity the three-dimensional charge
distribution induced by electromagnetic showers, enabling the identi�cation of electrons
in a hadronic environment. The HPC covers polar angles, �, between 400 and 1400. The
FEMC is made of lead glass counters covering polar angles 100 to 360 and 1440 to 1700.

Hadron shower energies are measured by the Hadron Calorimeter (HCAL): the instru-
mented iron return yoke for the magnet, covering polar angles 42:60 to 137:40 (barrel)
and extending for the endcaps from 11:20 to 46:50 and from to 131:50 to 168:80.

The muon identi�cation relies mainly on the Muon Chambers, covering polar angles
between 53� and 127� in the barrel and between 9� and 43� (137� and 171�) in the forward
regions. These consist of layers of drift chambers placed both inside and beyond the iron
of the magnet return yoke.

Tracks are measured in a 1.2 Tesla magnetic �eld by a set of four cylindrical tracking
detectors: the Inner Detector (inner radius 12 cm, outer radius 28 cm, covering polar
angles between 230 and 1570), the Time Projection Chamber (TPC) (inner radius 30 cm,
outer radius 122 cm, covering polar angles between 210 and 1590) and the Outer Detector
(inner radius 198 cm, outer radius 206 cm, covering polar angles between 420 and 1380).
Additional precise R� measurements in the plane perpendicular to the magnetic �eld are
provided by the Vertex Detector (VD). The 1991 and 1992 setup for the VD consisted of
three layers of silicon strip detectors, 24 cm long, at radii 6.5 cm, 9 cm and 11 cm, with
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an angular acceptance of 270�1530; 370�1430 and 420�1380 respectively. The intrinsic
point resolution for single tracks in the transverse plane has been measured to be �8 �m.
With the VD included in the track �t, the momentum resolution is �p=p ' 0:0008 p (p
in GeV/c) [7].

Only charged particles ful�lling the following criteria were used:

- impact parameter less than 5 cm from the beam axis in the xy plane and within
10 cm of the crossing point in z (along the beam direction);

- momentum p larger than 0.2 GeV/c;
- relative error on track momentum less than 100%;
- measured track length above 30 cm;
- polar angle satisfying j cos �j � 0:93.

Hadronic events were selected, with an e�ciency of (96:4 � 0:2)%, by requiring:

- at least 7 charged particles;
- total energy of charged particles larger than 15% (or total energy of charged plus
neutral particles larger than 30%) of the centre of mass energy (assuming all charged
particles to be pions).

The resulting data sample has a small contamination from �+�� events (about 0:1%),
and negligible contamination from beam-gas scattering and  interactions. For the 1991
and 1992 running periods totals of 256350 and 720360 events were left after these cuts.

To compute e�ciencies and estimate backgrounds simulated events were generated
by means of the Parton Shower model from JETSET 7.3 [8] followed by full detector
simulation [9]. These events were processed with the same chain of analysis programs as
real data. Samples of 472000 (650000) Z ! q�q and 11000 (25000) Z ! bb ! J= X

simulated events were used for the 1991 (1992) data sample.

3 Lepton identi�cation and J= ,  0 and �c recon-

struction

3.1 Muon selection

Muon candidates with momentum above 2 GeV/c were selected by extrapolating
charged particle tracks through the calorimeters and performing a �2 �t to the posi-
tions of hits in the muon chambers. Track measurement errors, multiple scattering errors
and chamber resolutions were included. This analysis selected on �2 so as to optimize
the muon detection e�ciency. Within the geometrical and kinematic acceptance an iden-
ti�cation e�ciency of 90% was measured for muons in Z ! �+�� data. A charged
hadron had a probability of 1:5% to fake a muon. The simulation gave an e�ciency of
(86:0�1:3)% for identifying muons (above 2 GeV/c) from J= decays, giving both muons
within the selection described in section 2.

To recover lost muons, mainly those outside the geometrical acceptance of the Muon
Chambers, information from the HCAL was used, requiring a muon-like energy deposition
in at least 3 of its 4 layers. These additional muons improve the e�ciency to (93:4�1:4)%
with a slightly increased background.
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3.2 Electron selection

Only charged particles with momentum greater than 2 GeV/c were considered as
electron candidates.

The HPC is the key device for the electron identi�cation and is described in detail
elsewhere [6]. It has a relative energy resolution of �5.5% and a spatial resolution in the
z-direction (beam axis) of �2 mm for an electron with 45.6 GeV/c momentum.

For electron identi�cation a �t was made to the longitudinal shower pro�le measured
in the 9 HPC layers. In addition the energy, position and direction measurements of the
shower in the HPC, together with the independent parameters from the track �t, were
used to determine an overall probability for a shower to originate from an electron.

A second completely independent way to distinguish between electrons and hadrons
is to use the dE=dx measurement in the TPC.

Requiring both the HPC and TPC measurements led to typical e�ciencies for electron
identi�cation of 50% at 2 GeV/c, increasing to 70% for momentum larger than 6 GeV/c,
in the barrel region (j cos �j < 0:72). The misidenti�cation rate for charged hadrons inside
a jet was found to be 0.4% .

However for this analysis the emphasis was put on the maximization of e�ciency.
Therefore, in order to look for J= candidates, any particle passing the previous selection
was combined with a second particle for which only a shower in the HPC or a dE=dx
measurement compatible with the electron hypothesis was required.

3.3 J= reconstruction

J= candidates were reconstructed using the �+�� (1991+1992 data) and e+e� (1992
data only) decay channels. For each J= candidate a three-dimensional secondary vertex
�t was performed and the particle momenta recomputed including the vertex constraint.
Each pair was required:

- to have both decay particles in the same hemisphere (de�ned by the thrust axis);
- to have a minimum total reconstructed momentum (pJ= ) of 5 GeV/c;
- to have a probability for the secondary vertex �t greater than 1% .

In addition, the hemisphere containing the J= candidate was required to include more
than 75% of the beam energy - measured by summing the neutral and charged energies
(with a resolution of �5.6 GeV). This selection suppresses contributions with two cascade
semi-leptonic decays b! cl��, c! s�l� where the hemisphere containing the cascade has
10 GeV less energy on average. From simulation, the e�ciency of this selection for J= 
from b decays is 93% and it removes 50% of the cascade events which amounted to 40%
of the total background before this cut.

The invariant-mass spectrum for muon (electron) candidate pairs is shown in Fig.
1a (1c). To evaluate the number of J= events, the signal shape was modelled with a
Gaussian and the background with an exponential plus a constant term (see �tted curves)
in a binned �t. The results of the �ts on data for the J= ! �+�� and J= ! e+e�

samples are shown in table 1. The measured masses and widths are in agreement with
what is expected from simulation.

For the decay J= ! e+e�, the dilepton mass spectrum has a signi�cant low mass tail
due to �nal state radiation and bremsstrahlung. From the simulation, it was estimated
that the bremsstrahlung energy losses in the detector move 23% of J= ! e+e� events
to below 2.8 GeV/c2.
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J= decay (data) Number Mass � Mass (MC) � (MC)
of J= (GeV/c2) (GeV/c2)

J= ! �+�� (91+92) 112�12 3.089�0.005 0.042�0.006 3:087 � 0:001 0:045 � 0:001
J= ! e+e� (1992) 41�12 3.023�0.024 0.089�0.032 3:017 � 0:009 0:099 � 0:008

Table 1: J= reconstruction results for the data and simulation (MC). The �tted errors
are shown.

For the J= ! �+�� ( J= ! e+e�) samples the detailed composition of the back-
ground obtained from the simulation is shown in Fig. 1a (1c). The number of background
events and the shape of their mass distribution are in agreement with the predictions.
The slope parameter in the exponential term of the background was also checked to be
compatible with that for e��� pairs (Fig. 1b). The background level is 19% (57%) for the
J= ! �+�� ( J= ! e+e�) sample, in the mass region between 3.02 and 3.16 GeV/c2

(2.80 and 3.25 GeV/c2).
The background subtracted normalized momentum (xp = pJ= =pbeam) distribution for

J= ! �+�� candidates in the above mass range is shown in Fig. 2. The background
has been subtracted using combined same sign �� and opposite sign e� combinations in
the mass range 2.9 to 3.3 GeV/c2. The prediction for the process Z ! bb! J= X from
the simulation is shown.

3.4  0
reconstruction

The search for  0 used the channel  0 ! J= (! �+��)�+�� y. After selecting
J= candidates in the mass range from 3.02 to 3.16 GeV/c2, the invariant-mass of the
lepton pairs was constrained to the Particle Data Group (PDG) value of the J= mass
of 3.097 GeV/c2 [10]. The criteria used to select  0 candidates were the following:

- the impact parameter of each pion must be compatible with the reconstructed J= 
secondary vertex at the level of three standard deviations, and the probability P (�2)
to form a vertex with four tracks must be larger than 1%;

- the invariant-mass of the two pions must be greater than 0.4 GeV/c2 (according to
the experimental results from [11], theoretically discussed in [12]).

The invariant-mass spectrum of J= �+�� combinations is shown in Fig. 3. According
to the simulation, 86 % of the signal is expected between 3.678 and 3.694 GeV/c2, with a
width of 4.5 MeV. There are 6 events in this range, whereas only 0.6 background events
are expected, interpolating a at background. Thus there are 5:4�2:5�1:0  0 candidates
with weighted meanmass 3:685�0:002 GeV/c2. The systematic error is mainly connected
to the choice of the mass window.

3.5 �
c
reconstruction

The search for �c mesons used �c ! J= (! �+��)  decays, with J= candidates
in the same mass range as in the  0 analysis with the invariant-mass of the lepton pair
constrained to the J= PDG mass value. �c0(3415) has a negligible branching ratio into

y 0 mesons were also searched for in the channel  0 ! �+��, without �nding a signal. This is not surprising given the
branching ratio measured in the J= �� channel (see section 4).
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J= . The mass di�erence between �c1(3510) and �c2(3555) is less than the expected
mass resolution in the simulation, therefore, in the following the notation �c means both
resonances. The reconstruction of the photons used the HPC. For this analysis, only
photons in the same hemisphere as the J= and satisfying the following criteria were
used:

- photon energy greater than 1.1 GeV;
- photon pointing to the interaction region ( �� � 90 and �� � 160, where �� and
�� refer to di�erences between photon direction as measured from HPC alone and
the direction constructed from the shower starting point and the J= vertex);

- no combination with any other photon giving an invariant-mass in the range (50-
230) MeV/c2 , to suppress the background from �0 decays.

The combined e�ect of these cuts in the simulation (MC) is illustrated in Fig. 4a and
4b. The invariant-mass spectrum for J=  combinations accepted after cuts, in real
data, is shown in Fig. 4c with �t results superimposed. While the signal was �tted with
a Gaussian, the shape of the background under the signal was extracted from simulation
(Fig. 4b) and �tted to a convolution of an exponential and a Gaussian, leaving as a free
parameter the normalization of the background. The number of �c candidates is 6:4�2:7,
with �tted mass m�c = 3:511 � 0:018 GeV/c2 and ��c = 0:024 � 0:012 GeV=c2.

The same �t to simulated data givesm�c1 = 3:502�0:010 GeV=c2, ��c1 = 0:054�0:009
GeV=c2, assuming the measured �c1 production rate (see section 5.3) and m�c = 3:514�
0:008 GeV=c2, ��c = 0:057 � 0:008 GeV=c2, assuming an equal production rate for �c1
and �c2, as in reference [13].

The measured m�c value is consistent with the expected one, while the width, ��c, is
some 2 standard deviations smaller than expected.

4 Inclusive branching fractions

After �tting, the background subtracted J= signals contain 112:0�12:4 events for the
J= ! �+�� sample and 41:1 � 12:2 events for the J= ! e+e� sample. The inclusive
J= branching ratio was estimated from the formula:

Br(Z ! J= X) =
NJ= 

NZhad �
�Z
�had

�
�had

�J= 
�

1

Br(J= ! l+l�)
(4)

where NJ= is the number of J= found in the NZhad hadronic decays of Z, and �had is
the hadronic Z tagging e�ciency (96:4 � 0:2)%, �J= is the J= ! �+�� reconstruction
e�ciency evaluated from the b! J= simulated data ((36:1�0:5)%) or the J= ! e+e�

reconstruction e�ciency ((13:6�0:8)%). The e+e� e�ciency is signi�cantly lower due to
the low mass tail of the dilepton spectrum and the reduced e�ciency and acceptance of
the electron tagging (barrel region only).

For Br(J= ! �+��; e+e�) the MARK III value (5:91 � 0:23)% [11] has been taken,
and �Z = 2489�7 MeV, �had = 1740:3�5:9 MeV which are the current LEP averages[14],
have been used.

The results are:

Br(Z ! J= X) = (3:62 � 0:40 � 0:34 � 0:14) � 10�3 (�+��);

Br(Z ! J= X) = (4:79 � 1:42 � 0:52 � 0:19)� 10�3 (e+e�):
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The �rst error quoted is statistical only, the second error is the systematic error, which
includes two kinds of contributions (see table 2): one due to selection cuts (leptons
and J= momentum, hemisphere energy and vertex reconstruction), which are common
to electrons and muons, and a lepton dependent contribution including the e�ciency

evaluation (lepton identi�cation algorithm, detector status and Monte carlo statistics)
and the �tting procedure of the mass spectrum (obtained by varying the parametrization
of the background). The third error (also shown in table 2) comes from the uncertainty
on the branching ratio Br(J= ! l+l�).

Source �+�� e+e�

Selection cuts 5:3 5:3

E�ciency + �tting procedure 7:7 9:4

Br(J= ! l+l�) 3:9 3:9

Total 10:1 11:5

Table 2: Systematic uncertainties (%) in the Z ! J= (! �+��)X
(Z ! J= (! e+e�)X) branching ratio measurement.

Computing a weighted average of these results, taking into account the common and
independent parts of the systematic errors, the �nal number is

Br(Z ! J= X) = (3:73 � 0:39� 0:36) � 10�3

The inclusive  0 and �c1 branching ratios
z were estimated using the following formula:

Br(Z ! c�c X) =
N(c�c) � �J= 

NJ= � �(c�c)
�
Br(Z ! J= X)

Br((c�c)! Y )
(5)

where (c�c) indicates the  0 (�c1) state and Y is the decay channel J= �+�� (J= ).
� 0 = (12:2 � 0:7)% (��c1 = (5:5+0:9�1:2)%) is the reconstruction e�ciency of  0 (�c1). The
values Br( 0 ! J= �+��) = (32:4� 2:6)% and Br(�c1 ! J= ) = (27:3� 1:6)% have
been taken from the PDG [10].

For the J= ! �+�� sample, this gives

Br(Z !  0 X) = (1:60 � 0:73 � 0:33) � 10�3

Br(Z ! �c1 X) = (5:0 � 2:1+1:5�0:9)� 10�3

where the �rst error is statistical and the second is systematic and takes into account
contributions from the evaluation of background subtraction ( 0), �tting procedure (�c)
and branching ratios.

zWe have assumed only �c1 production for e�ciency evaluation and branching ratio calculation.
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5 B ! J= decays

5.1 Average B lifetime

The negligible lifetime of J= mesons implies that the observed secondary vertex is a
good estimate of its parent's decay position.

From the �t of the secondary J= vertex and of the primary vertex, the decay length
lxy in the transverse plane was computed for each event. The transverse (xy) position of
the vertex formed by the two muons was reconstructed with a most probable precision
of �125 �m along the direction of the primary to secondary vertex, 80% of the events
having a better than �300 �m error. The mean transverse position of the beam spot
was computed for each �ll of LEP and used as a constraint for the primary vertex �t for
each event. This vertex �t was done in two iterations. The �rst iteration included all
good quality charged particles. The second iteration allowed removal of tracks having a
big contribution to the �2, and therefore to remove as many of the tracks coming from
secondary vertices as possible. The resulting uncertainty on the position of the primary
vertex is typically ten times smaller than that on the secondary vertex.

The direction of the jet containing the J= was taken as the direction of the parent
b-hadron. In the simulation, the polar angle �jet coincides with the true polar angle of
the parent b-hadron with a mean error of �20 mrad.

The three dimensional decay length l was then determined as l = lxy= sin �jet. The
proper time of each event is de�ned as t = l=(�c) = (mB=pB)� l.

The B boost was estimated as follows. A �rst estimation of the B momentum (pB) was
obtained by a polynomial parametrization f(pJ= ) as a function of the J= momentum
in the simulation. It was then used as a starting point for the B jet reconstruction. The
clustering algorithm used the parameter y, de�ned as

yik =

�
y0 � (

M

P
)i+k

�2
where y0 =

< mB >

f(pJ= )

where M and P are the mass and momentum of the cluster (i + k) and < mB >=
5:3 GeV/c2 is the expected mean mass of b-hadrons. The procedure was initialized by
adding to the J= (cluster i) the particle k with momentum greater than 0.5 GeV/c
that minimized yik. The invariant-mass of the cluster (i+ k) was calculated considering
all charged particles as pions and all neutrals as photons. Other particles were added
iteratively as long as M � 5:6 GeV/c2.

The resulting mean value of M
P

reproduced the true value with a systematic bias of

less than 1.5%. The dispersion �(M
P
) was parameterized using a polynomial function; its

mean value was 11%. The proper time was estimated as t = (M
P
)� l of the b-hadron, and

the error on the proper time for each event �t was taken as the sum in quadrature of the
errors from lxy, (

M
P
) and �jet.

The Figure 5 shows the proper time distribution of the J= ! �+�� candidates in the
signal region 3:03 � m�� � 3:15 GeV/c2 after applying an additional selection consisting
of keeping J= candidates with at least two VD hits per muon, to improve the quality
of the track extrapolation. This left a total of 80 events, with a background level of
(16:5 � 2:2)%.

In the maximum likelihood �t of the proper time distribution, two terms were used
for the signal: a convolution of an exponential decay function and a Gaussian resolution
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function given by the estimated errors on the time, �t, for the J= coming from B, and
a Gaussian distribution only for any possible prompt J= candidates.

Two background components were taken into account: one \ying" background that
was included in the �tting function with a term similar to the B ! J= signal but with
a di�erent lifetime, and one \non-ying" background which had only a Gaussian form.

The number of free parameters was therefore four: the meanB lifetime, �B, the fraction
of prompt J= , f

pr
J= , the fraction of background that does not y, f

nf
bkg, and the lifetime

of the ying background �bkg. The fraction of background was �xed to 16.5%. The �t was
performed simultaneously on the 80 signal region candidates and on 85 events from the
side-bands (mass ranges from 2.5 to 2.9 and from 3.3 to 3.5 GeV/c2). In the �t, �bkg and

f
nf
bkg were constrained mainly by the side-band data. Also, because of small individual
errors on proper times, the correlation between �B and fprJ= was found to be low (0.18).

The result was x:
�B = 1:50+0:24�0:22 ps

f
pr
J= = (7:7+6:3�5:4) %

�bkg = 1:72 � 0:23 ps

fnfbkg = (28:5 � 5:9)%

The simulation showed the same proportion of \non-ying" background: (27:3�6:6)%.
The value of �bkg was tested to be compatible with the one obtained using e� opposite sign
combinations in the signal mass region. However, these events were not actually used in
the background lifetime �t because of the di�erent quality of reconstruction of electrons
and muons. The �tted prompt J= fraction fprJ= , at the present level of statistics, is not

incompatible with the theoretical predictions of the order of 1%.
The contributions to the systematic error are shown in table 3.

Source Uncertainty (ps)

Fake J= background �0:01

B momentum evaluation �0:02

Decay length resolution �0:015

Check of the method on MC �0:015

Total �0:03

Table 3: Systematic uncertainties in the lifetime determination.

The �rst component was obtained by varying the level of background within its statis-
tical error; the second one was derived from the Monte Carlo study of the reconstruction
of the M

P
of the B hadron. The component coming from the decay length resolution

resulted from varying the individual errors on the transverse decay length by �20%. The
component \check of the method on Monte Carlo" comes from a test of the complete
analysis of the lifetime on two simulated samples generated with two di�erent lifetimes

xIf the prompt J= contribution, theoretically expected to be small, is forced to zero, the mean B lifetime given by
the �t is instead 1:43+0:22�0:19

ps. On the other hand, �xing the mean B lifetime to 1:582� 0:012� 0:032 ps as measured by

DELPHI [15], one obtains a prompt J= fraction of (8:1+6:3�5:4
) %.
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(1.2 and 1.6 ps). In both cases, the lifetime measured in the simulation agrees with the
generated lifetime within statistics; the statistical error on this check is taken as a sys-
tematical uncertainty on the measurement in the data. The total systematic error on the
evaluation of �B was �0.03 ps.

Interpreting the prompt J= component as produced by mechanisms (2) or (3), its
mean fraction (7.7%) would correspond to a branching ratio Br(Z ! direct J= ) =
3:8� 10�4 (3:1 � 10�4) for process (2) (process (3)) .

5.2 Average B lifetime from exclusively reconstructed states

In the J= ( 0) ! �+�� channel, exclusive B candidates were reconstructed using a
mass constrained �t on the two leptons from J= . For the charged tracks, associated to
the secondary vertex, a probability P (�2) bigger than 1% to form a vertex was required
and a minimum momentum between 2 and 5 GeV/c, depending on the chosen channel.
Kaons were identi�ed by mean ionization in the TPC and by the barrel RICH detector.
Twenty exclusive B meson decay candidates, namely �ve B� ! J= K�, four B0 !

J= K0, three B0 ! J= K�0(K�), two B� ! J= K��(K0
S�), three B

� ! J= K�0�,
one B� ! J= K��+��, one B0 !  0(! �+��)K�0 and one Bs ! J= � candidate were
reconstructed.

The invariant-mass spectrum observed for all the searched channels is shown in Fig. 6
both for simulation and data. The background is modelled from the inclusive b! J= X

simulation using two components with di�erent shapes: one is from B mesons where at
least one particle is lost, and the other from genuine J= from B meson decays where
one or more charged particle from hadronization is included in the reconstruction. The
background from fake J= events is negligible, being at low apparent B mass.

In the mass interval from 5.18 to 5.40 GeV/c2, there are 15.2 � 4.5 signal events, with
a mean mass in agreement with the nominal B meson mass and 4:8 � 0:6 background
events, which represents (24� 3)% of the sample.

The average lifetime of B mesons is estimated by a maximum likelihood �t, with an
individual likelihood density given by an exponential convoluted with a Gaussian. The
mean resolution on individual times of ight is 0:07�0:01 ps. As in the inclusive lifetime
�t, the background lifetime is simultaneously �tted with a similar individual likelihood
function using events with invariant-mass between 5.40 and 6 GeV/c2 and events with
wrong charge combination for kaon and pions. The result is:

�B = 1:7+0:6
�0:4 � 0:1 ps:

The systematic error comes from the exclusive channel composition of the background
(0.11 ps), the parametrization of the background lifetime distribution (0.07 ps) and the
error on the fraction of background (0.03 ps).

5.3 b! (c�c) branching ratios

From the value of �bb=�had = 0:2200� 0:0027 (current LEP average [14]), subtracting
the (7:7+6:3�5:4)% prompt component in the J= sample, the branching ratios Br(b! (c�c)X)
are {

Br(b! J= X) = (1:12 � 0:12� 0:10)%
{Assuming a null contribution fromprompt J= , the branching ratios are insteadBr(b! J= X) = (1:21�0:13�0:12)%;

Br(b!  0 X) = (0:52� 0:24� 0:11)% and Br(b! �c1 X) = (1:6� 0:7+0:5�0:3
)%.
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Br(b!  0 X) = (0:48 � 0:22� 0:10)%

Br(b! �c1 X) = (1:4 � 0:6+0:4�0:2)%:

The �rst two values are consistent with the PDG values of (1:12 � 0:16)% and (0:46 �
0:20)% respectively, despite the fact that the B species content di�ers between Z and
�(4S) decays. The third measurement is compatible with ARGUS [16] ((1:05 � 0:35 �
0:25)%) and L3 [17] ((2:4� 0:9� 0:2)%) measurements.

6 Conclusions

Inclusive J= production from hadronic Z decays has been studied. An analysis of
the apparent lifetimes shows a (7:7+6:3�5:4) % fraction of prompt J= mesons. Subtracting
this prompt J= component, three inclusive branching ratios of B ! (c�c) have been
measured with the DELPHI detector:

Br(b! J= X) = (1:12 � 0:12� 0:10)%

Br(b!  0 X) = (0:48 � 0:22� 0:10)%

Br(b! �c1 X) = (1:4 � 0:6+0:4�0:2)%:

The average b-hadron lifetime was determined as:

�B = 1:50+0:24�0:21 � 0:03 ps;

in good agreement with other LEP results, obtained with the J= tag [3]-[5].

A set of 15 � 5 B mesons were fully reconstructed. From these events we estimated
an average lifetime of B mesons :

�B = 1:7+0:6�0:4 � 0:1 ps

in agreement with the previous determination.
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Figure 1: (a) �+��, (b) e��� and (c) e+e� invariant-mass distributions (same sign ��
and ee distributions are similar to the e��� one). The background estimates, from an
inclusive Z ! q�q simulation, are shown as hatched histograms. The curves show the �ts
to the data, as explained in the text.



13

Figure 2: (a) the background subtracted xp distribution for the J= ! �+�� sample.
The errors are statistical only. The histogram shows the simulation for the process
Z ! bb! J= X. (b) the same plot, corrected for the experiment acceptance.

Figure 3: J= �� invariant-mass combinations for (a) opposite sign pions (arrows show
the signal mass interval considered, de�ned by simulation); (b) same sign pions.
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MC: before cuts

MC: after cuts

Data

Figure 4: (a) Simulated J=  invariant-mass distribution, before imposing cuts on
photons. J= selection is already done, including the choice of the mass interval. (b) same
as above after applying the cuts. The full curve shows a �t of the background and the
dotted curve is the �t including a Gaussian distribution for the signal. The background
was estimated using a combination of true J= and random 's. (c) For real data: the
corresponding plot to (b), where the full curve shows the �t of signal plus background.



15

Figure 5: Proper time distribution for the J= candidates (muon data only). The curve
shows the result of the unbinned maximum likelihood �t to determine the lifetime: a)
signal events; b) sideband events. The \lifetime" of the background is due to semileptonic
decays of heavy avours.
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Figure 6: (a) simulation of Z ! J= ( 0)X : sum of B invariant-mass distribution for all
selected exclusive decay channels with the two relevant components of the background.
The curve shows a �t with a Gaussian for the B decays plus background. (b) Same
distribution for 1991 and 1992 real data. The curve shows the �t to the data with the
slopes of the backgrounds and the width of the signal �xed to the simulated data above.


