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Abstract

J/¢ mesons have been reconstructed from their decay to utu™ 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 ¢' were obtained in the channel J/¢(— pu*u ™ )7 7w~ and 6.4 & 2.7 . in the channel J/ys(~ p™ ™ )y. 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 — ¢’ X) = (0.48+0.22 (stat.) £0.10 (syst.))%, Br(b — yo X) = (1.4£0.6 (stat.) 194 (syst.))%
were measured. From the proper time distribution of the J/y sample, the average lifetime of b-hadrons decaying into J/¢
was found to be: 75 = 1.50*:%_22“1 (stat.) £ 0.03 (syst.) ps. A search for completely reconstructed B meson decays to final

states including a J/i gave a signal of 15 & 5 events.

1. Introduction Other production mechanisms may be gluon fragmen-
tation:
J/¢ mesons are expected to be produced at LEP . .
energies predominantly through the reaction Z —qgq¢g", & — J/Ysg (2)

or charm fragmentation:

Z bbb, b—JYX (1) Z — I/ ce (3)
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where one of the primary ¢(¢) quarks associates witha
¢(c) from a c¢ pair from the sea. In all these processes,
J/¢ may be produced from cascade decays of higher
charmonium states (¢’ or y.).Reactions (2) and (3)
(“direct” J/y production) are theoretically expected
to give small and approximately equal contributions, at
the level of 1% of the rate from reaction (1),see [1,2].
Therefore J/i 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 identification and selection of J/i, ¢' and
X 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 Ref. [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 sampling calorimeter which measures with high
granularity the three-dimensional charge distribution
induced by electromagnetic showers, enabling the
identification of electrons in a hadronic environment.
The HPC covers polar angles, 8, between 40° and
140°. The FEMC is made of lead glass counters
covering polar angles 10° to 36° and 144° to 170°.

Hadron shower energies are measured by the
Hadron Calorimeter (HCAL): the instrumented iron
return yoke for the magnet, covering polar angles
42.6° to 137.4° (barrel) and extending for the end-
caps from 11.2° to 46.5° and from to 131.5° to
168.8°.

The muon identification 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 field
by a set of four cylindrical tracking detectors: the In-
ner Detector (inner radius 12 c¢m, outer radius 28 cm,

covering polar angles between 23° and 157°), the

Time Projection Chamber (TPC) (inner radius 30 cm,

outer radius 122 cm, covering polar angles between

21° and 159°) and the Outer Detector (inner radius

198 cm, outer radius 206 cm, covering polar angles

between 42° and 138°). Additional precise R¢ mea-

surements in the plane perpendicular to the magnetic
field 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 an angular acceptance

of 27° — 153°, 37° — 143° and 42° — 138° respec-

tively. The intrinsic point resolution for single tracks in
the transverse plane has been measured to be +8 pum.

With the VD included in the track fit, the momentum

resolution is Ap/p ~ 0.0008 p (p in GeV/c) [7].
Only charged particles fulfilling the following cri-

teria 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 | cos 8| < 0.93.

Hadronic events were selected, with an efficiency
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 contamina-
tion from 777~ events (about 0.1%), and negligible
contamination from beam-gas scattering and yy inter-
actions. For the 1991 and 1992 running periods totals
of 256350 and 720360 events were left after these
cuts.

To compute efficiencies and estimate backgrounds
simulated events were generated by means of the Par-
ton Shower model from JETSET 7.3 {8] followed by
full detector simulation [9]. These events were pro-
cessed with the same chain of analysis programs as
real data. Samples of 472000 (650000) Z — gg and
11000 (25000) Z — bb — J/¢ X simulated events
were used for the 1991 (1992) data sample.
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3. Lepton identification and J/, ¢ and x.
reconstruction

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 y? fit to the
positions of hits in the muon chambers. Track mea-
surement errors, multiple scattering errors and cham-
ber resolutions were included. This analysis selected
on x? so as to optimize the muon detection efficiency.
Within the geometrical and kinematic acceptance an
identification efficiency of 90% was measured for
muons in Z — u*u~ data. A charged hadron had a
probability of 1.5% to fake a muon. The simulation
gave an efficiency of (86.0 £ 1.3)% for identifying
muons (above 2 GeV/c) from J/i decays, giving
both muons within the selection described in Section
2.

To recover lost muons, mainly those outside the ge-
ometrical acceptance of the Muon Chambers, informa-
tion from the HCAL was used, requiring a muon-like
energy deposition in at least 3 of its 4 layers. These
additional muons improve the efficiency to (93.4 +
1.4)% with a slightly increased background.

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 identifi-
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/¢ momentum.

For electron identification a fit was made to the
longitudinal shower profile 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 fit, were
used to determine an overall probability for a shower
to originate from an electron.

A second completely independent way to distin-
guish between electrons and hadrons is to use the
dE/dx measurement in the TPC.

Requiring both the HPC and TPC measurements
led to typical efficiencies for electron identification of

50% at 2 GeV/c, increasing to 70% for momentum
larger than 6 GeV/c, in the barrel region (|cosé| <
0.72). The misidentification 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 efficiency. Therefore, in order to
look for J/¢ candidates, any particle passing the pre-
vious selection was combined with a second particle
for which only a shower in the HPC or a dE/dx mea-
surement compatible with the electron hypothesis was
required.

3.3. J/ip reconstruction

J/i candidates were reconstructed using the ™ u™
(199141992 data) and e*e™ (1992 data only) decay
channels. For each J/y candidate a three-dimensional
secondary vertex fit was performed and the particle
momenta recomputed including the vertex constraint.
Each pair was required:

- to have both decay particles in the same hemisphere

(defined by the thrust axis);

- to have a minimum total reconstructed momentum

(pyyy) of 5GeV/c;

- to have a probability for the secondary vertex fit

greater than 1% .

In addition, the hemisphere containing the J/i can-
didate 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 cas-
cade semi-leptonic decays b — cl#, ¢ — sly where
the hemisphere containing the cascade has 10 GeV less
energy on average. From simulation, the efficiency of
this selection for J/i from b decays is 93% and it re-
moves 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 evalu-
ate the number of J/i events, the signal shape was
modelled with a Gaussian and the background with an
exponential plus a constant term (see fitted curves)
in a binned fit. The results of the fits on data for the
J/y — putu~ and J/p — ete” samples are shown
in Table 1. The measured masses and widths are in
agreement with what is expected from simulation.

For the decay J/¢y — e* e, the dilepton mass spec-
trum has a significant low mass tail due to final state
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Table 1

J/¢ reconstruction results for the data and simulation (MC). The fitted errors are shown.

J/¢ decay (data) Number Mass o Mass (MC) o (MC)

of J/¢ (GeV/c?) (GeV/c?)
Jg — utu= (91492) 112+12 3.08940.005 0.0421+0.006 3.087 £ 0.001 0.045 £ 0.001
Jjg — ete™ (1992) 41+£12 3.023+0.024 0.089+0.032 3.017 £ 0.009 0.099 + 0.008
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Fig. 1. (a) ptu™, (b) eXu¥ and (c) ete™ invariant-mass
distributions (same sign pu and ee distributions are similar to
the ei;.ﬁ one). The background estimates, from an inclusive
Z — qq simulation, are shown as hatched histograms. The curves
show the fits to the data, as explained in the text.

radiation and bremsstrahlung. From the simulation, it
was estimated that the bremsstrahlung energy losses
in the detector move 23% of J/iy — ete™ events to
below 2.8 GeV/c2.

For the J/yy — ptu™ (J/p — eTe™) samples the
detailed composition of the background obtained from

the simulation is shown in Fig. 1a (1¢). The number
of background events and the shape of their mass dis-
tribution are in agreement with the predictions. The
slope parameter in the exponential term of the back-
ground was also checked to be compatible with that for
et u¥ pairs (Fig. 1b). The background level is 19%
(57%) for the J/p — utu~ (J/y — ete™) sam-
ple, in the mass region between 3.02 and 3.16 GeV/c?
(2.80 and 3.25 GeV/c?).

The background subtracted normalized momentum
(Xp = DPjy/Poeam) distribution for J/¢p — ptpu~
candidates in the above mass range is shown in Fig. 2.
The background has been subtracted using combined
same sign uu and opposite sign eu combinations in
the mass range 2.9 to 3.3 GeV/¢?. The prediction for
the process Z — bb — J/¢ X from the simulation is
shown.

3.4. o' reconstruction

The search for ¢’ used the channel ¢/ — J/y(—
wtu~)mta— 1. After selecting J/y candidates in the
mass range from 3.02 to 3.16 GeV/¢?, the invariant-
mass of the lepton pairs was constrained to the Par-
ticle Data Group (PDG) value of the J/¢ mass of
3.097 GeV/c?* [10]. The criteria used to select ¢’
candidates were the following:

- the impact parameter of each pion must be com-
patible with the reconstructed J/¢ secondary ver-
tex at the level of three standard deviations, and the
probability P( x?) 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/c? (according to the experimental
results from [ 11], theoretically discussed in [ 12]).

Ly’ mesons were also searched for in the channel ¢’ — putu=,
without finding a signal. This is not surprising given the branching
ratio measured in the J/y¢7m channel (see Section 4).
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The invariant-mass spectrum of J/i 77~ combi-
nations is shown in Fig. 3. According to the simula-
tion, 86 % of the signal is expected between 3.678 and
3.694 GeV/c?, with a width of 4.5 MeV. There are
6 events in this range, whereas only 0.6 background
events are expected, interpolating a flat background.
Thus there are 5.4 £+ 2.5 + 1.0 ¢’ candidates with
weighted mean mass 3.685 4 0.002 GeV/c?. The sys-
tematic error is mainly connected to the choice of the
mass window.

3.5. x. reconstruction

The search for y. mesons used y, — J/¥(—
ptu) v decays, with J/i candidates in the same
mass range as in the ¢’ analysis with the invariant-
mass of the lepton pair constrained to the J/¢y PDG
mass value. y.(3415) has a negligible branching ra-
tio into J/¢. The mass difference between y,;(3510)
and Y2 (3555) is less than the expected mass resolu-
tion in the simulation, therefore, in the following the
notation y. means both resonances. The reconstruc-
tion of the photons used the HPC. For this analysis,
only photons in the same hemisphere as the J/i and
satisfying the following criteria were used:

- photon energy greater than 1.1 GeV;

— photon pointing to the interaction region (A6 < 9°
and Ag < 16°, where Af and A¢ refer to differ-
ences 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/c?, to
suppress the background from 7° decays.

The combined effect of these cuts in the simulation
(MC) is illustrated in Fig. 4a and 4b. The invariant-
mass spectrum for J/¢ vy combinations accepted af-
ter cuts, in real data, is shown in Fig. 4c with fit re-
sults superimposed. While the signal was fitted with a
Gaussian, the shape of the background under the sig-
nal was extracted from simulation (Fig. 4b) and fit-
ted to a convolution of an exponential and a Gaussian,
leaving as a free parameter the normalization of the
background. The number of y. candidates is 6.44-2.7,
with fitted mass m,, = 3.511 £+ 0.018 GeV/c? and
oy =0.024 £ 0.012 GeV/c?.

The same fit to simulated data gives m,,, = 3.502+
0.010GeV/c?, oy, = 0.054 £0.009 GeV/c?, assum-
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Fig. 4. (a) Simulated J/¢ v 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 fit of the background and the
dotted curve is the fit including a Gaussian distribution for the
signal. The background was estimated using a combination of true
J/y¢ and random ¥’s. (¢) For real data: the corresponding plot to
(b), where the full curve shows the fit of signal plus background.

ing the measured y.; productionrate (see Section 5.3)
andm,_=3.514+0.008 GeV/c?, o, =0.057+0.008
GeV/c?, assuming an equal production rate for y.
and y., as in Ref. [13].

The measured m,, value is consistent with the ex-
pected one, while the width, o, is some 2 standard
deviations smaller than expected.

4, Inclusive branching fractions

After fitting, the background subtracted J/¢ signals
contain 112.0 £ 12.4 events for the J/¢y — pu*u~
sample and 41.1 4 12.2 events for the J/¢p — eTe™
sample. The inclusive J/¢ branching ratio was esti-
mated from the formula:

Br(Z — J/¢X)

_ Ny €had 1
Now x 32 ey Br(Jj = I17)

Thad

(4)
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Table 2
Systematic uncertainties (%) in the Z — J/y(— utp™)X
(Z — J/p(— ete™)X) branching ratio measurement.

Source wtum ete”
Selection cuts 53 53
Efficiency + fitting procedure 7.7 9.4
Br(J/y — F17) 39 3.9
Total 10.1 11.5

where Ny, is the number of J/¢ found in the
Nz, hadronic decays of Z, and €nyq is the hadronic
Z tagging efficiency (96.4 £ 0.2)%, €,y is the
J/p — wtp~ reconstruction efficiency evaluated
from the b — J/¢ simulated data ((36.1 % 0.5)%)
or the J/y — eTe  reconstruction efficiency
((13.6 + 0.8)%). The ete™ efficiency is signifi-
cantly lower due to the low mass tail of the dilepton
spectrum and the reduced efficiency and acceptance
of the electron tagging (barrel region only).

For Br(J/¢ — u*u~,e*e™) the MARK III value
(5.91£0.23)% [ 11] has been taken, and I'z = 2489+
7MeV, Thaa = 1740.31+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) x 107 (uTu7),
Br(Z — J/# X)

= (479 +£1.424£0.52+0.19) x 1072 (e*e™).

The first error quoted is statistical only, the second er-
ror is the systematic error, which includes two kinds
of contributions (see Table 2): one due to selection
cuts (leptons and J/yy momentum, hemisphere en-
ergy and vertex reconstruction), which are common to
electrons and muons, and a lepton dependent contribu-
tion including the efficiency evaluation (lepton iden-
tification algorithm, detector status and Monte carlo
statistics) and the fitting procedure of the mass spec-
trum (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/y — IT17).

Computing a weighted average of these results, tak-
ing into account the common and independent parts

of the systematic errors, the final number is

Br(Z — J/¢ X) = (3.73+0.39 £ 0.36) x 1073

The inclusive ¢’ and y.; branching ratios? were
estimated using the following formula:

Br(Z — ¢t X)
_ Neeoy X egpy
NJ/./, X €(cp)

Br(Z — J/¢X)
Br((cc) —Y)

(5)

where (c€) indicates the ¢y’ ( y.1) stateand Y is the de-
cay channel J/if wrar= (J/p v). €y = (12.2+0.7) %
(€4a = (5.5t99)%) is the reconstruction efficiency
of ' (xea). The values Br(¢/ — J/y wtm™) =
(32.4 £2.6)% and Br(xq — J/¢ v) = (273
1.6) % have been taken from the PDG [10].

For the J/yy — utu~ sample, this gives

Br(Z — ¢' X) = (1.60+ 0.73 £ 0.33) x 1073
Br(Z — xa X) = (5.0£2.1753) x 1073

where the first error is statistical and the second is
systematic and takes into account contributions from
the evaluation of background subtraction (¢'), fitting
procedure ( y.) and branching ratios.

5. B — J/ys 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 fit of the secondary J/i vertex and of
the primary vertex, the decay length I, in the trans-
verse plane was computed for each event. The trans-
verse (xy) position of the vertex formed by the two
muons was reconstructed with a most probable preci-
sion of +125 um along the direction of the primary
to secondary vertex, 80% of the events having a better
than £+300 gm error. The mean transverse position of
the beam spot was computed for each fill of LEP and
used as a constraint for the primary vertex fit for each
event, This vertex fit was done in two iterations. The

2 We have assumed only y.1 production for efficiency evaluation
and branching ratio calculation.



DELPHI Collaboration / Physics Letters B 341 (1994) 109-122 119

first iteration included all good quality charged parti-
cles. 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/i was
taken as the direction of the parent b-hadron. In the
simulation, the polar angle 6 coincides with the true
polar angle of the parent b-hadron with a mean error
of £20 mrad.

The three dimensional decay length / was then de-
termined as [ = I,/ sin 6. The proper time of each
event is defined as ¢ = I/(Byc) = (mg/pp) % I

The B boost was estimated as follows. A first esti-
mation of the B momentum (pp) was obtained by a
polynomial parametrization f(py,) 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, defined as

—( (M) ’ where L R

Yie = | Yo P l+k) Yo )
where M and P are the mass and momentum of the
cluster (i + k) and < mp >= 5.3 GeV/c? is the ex-
pected 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 min-
imized y;. The invariant-mass of the cluster (i + k)
was calculated considering all charged particles as pi-
ons and all neutrals as photons. Other particles were
added iteratively as long as M < 5.6 GeV/c?.

The resulting mean value of % reproduced the true
value with a systematic bias of less than 1.5%. The
dispersion o ( -’g) was parameterized using a polyno-
mial function; its mean value was 11%. The proper
time was estimated as ¢ = (%) x [ of the b-hadron,
and the error on the proper time for each event o; was
taken as the sum in quadrature of the errors from [y,
(%) and By

The Fig. 5 shows the proper time distribution of the
J/ — wt ™ candidates in the signal region 3.03 <
My, < 3.15 GeV/c? after applying an additional se-
lection 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,
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Fig. 5. Proper time distribution for the J/¢ candidates (muon data
only). The curve shows the result of the unbinned maximum like-
lihood fit to determine the lifetime: a) signal events; b) sideband
events. The “lifetime” of the background is due to semileptonic
decays of heavy flavours.

with a background level of (16.5 +2.2)%.

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

Two background components were taken into ac-
count: one “flying” background that was included in
the fitting function with a term similar to the B —
J/i signal but with a different lifetime, and one “non-
flying” background which had only a Gaussian form.

The number of free parameters was therefore four:
the mean B lifetime, 75, the fraction of prompt J/¢,
f5,,» the fraction of background that does not fly, fﬂﬁg,
and the lifetime of the flying background 7. The
fraction of background was fixed to 16.5%. The fit
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/c?).
In the fit, Tpxg and f;lf(g were constrained mainly by
the side-band data. Also, because of small individual
errors on proper times, the correlation between 75 and

5’;¢ was found to be low (0.18).
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Table 3
Systematic uncertainties in the lifetime determination.

Source Uncertainty (ps)
Fake J/y background 40.01

B momentum evaluation +0.02
Decay length resolution +0.015
Check of the method on MC +0.015
Total +0.03

The result was > :

75 = 150792 ps

e = (1750 %
Tokg = 1.72 £0.23 ps
foee=(28.5£59)%

The simulation showed the same proportion of “non-
flying” background: (27.3 £6.6)%. The value of Ty,
was tested to be compatible with the one obtained us-
ing ey opposite sign combinations in the signal mass
region. However, these events were not actually used
in the background lifetime fit because of the different
quality of reconstruction of electrons and muons. The
fitted prompt J/¢ fraction f3 . 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.

The first component was obtained by varying the
level of background within its statistical error; the sec-
ond one was derived from the Monte Carlo study of
the reconstruction of the % of the B hadron. The com-
ponent coming from the decay length resolution re-
sulted from varying the individual errors on the trans-
verse 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 different lifetimes (1.2

31f the prompt J/¢ contribution, theoretically expected to be
small, is forced to zero, the mean B lifetime given by the fit is
instead 1.43“:%2129 ps. On the other hand, fixing the mean B lifetime
to 1.582 & 0.012 4 0.032 ps as measured by DELPHI [15], one
obtains a prompt J/¢ fraction of (8.1t65'i) %.

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 systematical uncertainty on the measurement in the
data. The total systematic error on the evaluation of
75 was £0.03 ps.

Interpreting the prompt J/i component as pro-
duced by mechanisms (2) or (3), its mean frac-
tion (7.7%) would correspond to a branching ratio
Br(Z — direct J/) = 3.8 x 107* (3.1 x 10~*) for
process (2) (process (3)).

5.2. Average B lifetime from exclusively
reconstructed states

In the J/yy (') — wptp~ channel, exclusive
B candidates were reconstructed using a mass con-
strained fit on the two leptons from J/¢. For the
charged tracks, associated to the secondary vertex, a
probability P(x?) 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 identified by mean ionization in the TPC
and by the barrel RICH detector. Twenty exclusive B
meson decay candidates, namely five B¥ — J/$K*,
four B® — J/yKO, three B® — J/YK**(Kmr), two
B* — J/yK** (Kdm), three B* — J/YK*O7, one
B* - J/yKE*mta—, one B® — ¢'(— putu")K*°
and one B; — J/y¢ candidate were reconstructed.

The invariant-mass spectrum observed for all the
searched channels is shown in Fig. 6 both for sim-
ulation and data. The background is modelled from
the inclusive b — J/i X simulation using two com-
ponents with different shapes: one is from B mesons
where at least one particle is lost, and the other from
genuine J/i from B meson decays where one or more
charged particle from hadronization is included in the
reconstruction. The background from fake J/y events
is negligible, being at low apparent B mass.

In the mass interval from 5.18 to 5.40 GeV/c?, there
are 152 + 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 fit, with an individual likeli-
hood density given by an exponential convoluted with
a Gaussian. The mean resolution on individual times of
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flightis 0.07 £0.01 ps. As in the inclusive lifetime fit,
the background lifetime is simultaneously fitted with
a similar individual likelihood function using events
with invariant-mass between 5.40 and 6 GeV/c? and
events with wrong charge combination for kaon and
pions. The result is:

75 =1.773% £0.1ps.

The systematic error comes from the exclusive chan-
nel composition of the background (0.11 ps), the
parametrization of the background lifetime distribu-
tion (0.07 ps) and the error on the fraction of back-
ground (0.03 ps).

5.3. b — (c¢) branching ratios
From the value of T, /Tag = 0.220040.0027 (cur-

rent LEP average [14]), subtracting the (7.71$3)%
prompt component in the J/¢ sample, the branching

ratios Br(b — (c¢)X) are?

Br(b— J/¢ X) = (1.1240.12+ 0.10)%
Br(b — ¢ X) = (0.484+0.22+0.10)%
Br(b — ya X) = (1.4 +0.679)%.

The first two values are consistent with the PDG val-
ues of (1.12 £ 0.16)% and (0.46 £ 0.20) % respec-
tively, despite the fact that the B species content dif-
fers between Z and Y (4S) decays. The third mea-
surement is compatible with ARGUS [16] ((1.05 %+
035+ 0.25)%) and L3 [17] ((2.4£ 0.9+ 0.2)%)
measurements.

6. Conclusions

Inclusive J/i¢ production from hadronic Z decays
has been studied. An analysis of the apparent lifetimes
shows a (7.7*%3) % fraction of prompt J/y mesons.
Subtracting this prompt J/¢ component, three inclu-
sive branching ratios of B — (c¢) have been mea-
sured with the DELPHI detector:

Br(b — J/¢ X) = (1.12+0.12+ 0.10)%
Br(b — ¢’ X) = (0.48+0.22+0.10)%
Br(b — xa X) = (1.4+0.679)%.

The average b-hadron lifetime was determined as:
75 = 1.5092% £ 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:

75 =1.795+0.1ps

in agreement with the previous determination.

4 Assuming a null contribution from prompt J/i, the branching
ratios are instead Br(b — J/¢ X) = (1.21 £ 0.13 + 0.12)%,
Br(b — ¢’ X)=(0.52+0.2440.11)% and Br(b — . X) =
(1.6 £0.74%)%.
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