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Abstract. We present a study of inclusive go and q pro- 

duction in e + e-  annihilation at V~,~ 10 GeV. Our analy- 
sis is based on integrated luminosities of 46.2 pb -  1 taken 
at the •(1 S) resonance and 42.1 p b -  ~ taken in the neigh- 
boring continuum. We measure the inclusive ~0 and ~/ 
spectra for direct )r(1 S)~3  g decays and continuum pro- 
cesses e + e - ~ q 4  and obtain the following mean particle 
multiplicities per event: 

Continuum: 

<n,~o> = 3.64_ 0.21_ 0.36 @ , ) = 0 . 2 2 + 0 . 0 4 + 0 . 0 3  

1~(1 S)--. 3 g: 

<n,o> = 3.39 + 0.14_+ 0.34 @,)=0.35_+0.04_+0.04. 

We compare our results with predictions of different 
fragmentation models and with other measurements per- 
formed in e+e - annihilation at similar center-of-mass 
energies. 

The data used in this analysis comprise 46.2 pb -1 
of integrated luminosity taken at the r(1 s) resonance 
and 12.5 p b -  1 of nonresonant continuum data taken just 
below and above the r(1 s) resonance at e + e -  center-of- 

mass energies, ~/s, of 9.39 GeV and 9.98 GeV. For  the 
analysis of q production we also use 29.6pb- 1 of contin- 
uum data accumulated below the r(4 s) resonance at 
10.52 GeV. The integrated luminosities were obtained 
by measuring the number of large angle Bhabha events. 

The number of observed events Nev for the contin- 
uum analyses were Nev = 44000_+ 200 for the rc ~ analysis 
and N~v =131000 _+ 400 for the t/ analysis. For  Y(lS) 
--*3g, N~v is calculated from the number of observed 
hadronic and luminosity events on the resonance and 
in the continuum, giving N~v=369000_+4000 events, 
where the error is dominated by systematic uncertainties. 
The procedure used to determine the number of hadronic 
events is described in [6]. 

2.2 Particle identification and reconstruction 

1 Introduction 

The formation of hadrons from partons, as produced 
for example in e + e-  annihilation, takes place at dis- 
tances too large to be calculated in QCD perturbation 
theory. Therefore to describe these processes one must 
rely on phenomenological fragmentation models [1-4]. 
The models can be tested by comparing their predictions 
with measurements of hadron energy spectra and parti- 
cle multiplicities at different center-of-mass energies in 
e + e -  annihilation. 

We report on a study of rc ~ and t/ production per- 
formed with the Crystal Ball detector at the DORIS II 
e+e - storage ring. Special emphasis is put on the 
comparison of quark fragmentation in the process 
e +e---*qgl~hadrons to gluon fragmentation in 
Y(1 S )~3  g--*hadrons decays, which some models predict 
to be different. In particular we compare our results with 
predictions of the Lund color string model [2], the Web- 
ber coherent parton shower model [3], and the Peterson- 
Walsh model [4]. 

2 Data analysis 

2.1 Detector and data samples 

The Crystall Ball detector has been described in detail 
elsewhere [-5] and its properties are only briefly summa- 
rized here. The main part of the detector consists of 
a highly segmented, spherical NaI  calorimeter covering 
93% of 4re sr. The calorimeter is designed to measure 
the directions and energies of photons, electrons and po- 
sitrons with good angular and energy resolution. A sys- 
tem of proportional  tube chambers surrounding the 
beam pipe is used to track charged particles and to dis- 
tinguish between photons and charged particles with 
high efficiency. 

Hadronic events are selected from the raw data samples 
with selection criteria suited to suppress background 
from beam-gas and beam-wall reactions, two-photon 
collisions, and QED processes like e- and z-pair produc- 
tion. The cuts used for the hadronic event selection are 
the same as those applied in our previous analysis of 
the inclusive electron spectrum in semileptonic B decays 
and are described in detail in [5]. 

The production of n ~ and ~/ mesons in hadronic 
events is studied by reconstructing these mesons in their 
decay mode into two photons. Photons are measured 
with good energy resolution and leave a very symmetric 
lateral shower profile in the NaI crystals of the calorime- 
ter, which allows an efficient identification by pattern 
recognition techniques. 

For  n ~ energies below 500 MeV the two decay pho- 
tons are generally well-separated in the calorimeter. The 
n ~ can then be reconstructed from the energies and direc- 
tions of the two photons. The n ~ mass resolution, a(~~ 
depends on the photon energy and angle measurements 
and worsens with increasing n ~ energy. The resolution 
as a function of the n ~ energy is obtained from a Monte 
Carlo study and varies almost linearly from a 
=8 .2MeV/c  2 at 140MeV to a = 1 6 . 2 M e V / c  2 at 
500 MeV. 

For  rc ~ mesons of higher energy the energy deposits 
of the two photons frequently overlap forming just one 
cluster in the calorimeter. An efficient reconstruction of 
high energy rc ~ mesons is performed by means of the 
second moment S of an energy cluster, defined as [7] 

where Ei is the energy in the i th crystal of the cluster 
and ~i is the unit vector pointing from the interaction 
point to the center of the crystal. The sum of energies 
of all crystals in the cluster is denoted by E c - - ~  Ei and 

i 



= 1 ~ rli Ei is the vector pointing to the center of gravi- 
Ec i 

ty of the energy cluster. The second moment S is related 
to the shower mass Ms by 

Ms=Ecl/IS-S~l, (2) 

where S~ denotes the average second moment of a single 
photon shower of energy E~. Sr is almost energy indepen- 
dent and is obtained from Monte Carlo calculations. 
For n o energies below about 1.6 GeV, showers from pho- 
tons and n ~ mesons can be efficiently discriminated on 
a cluster-by-cluster basis by this method. 

To reconstruct n o and ~/mesons in their two photon 
decay mode we search for photon candidates in each 
of our preselected hadronic events. Particles within 
[cos0J<0.85,  where ~ is the polar angle with respect 
to the beam axis, are taken as photon candidates, if they 
are not identified as charged by the tracking chamber 
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system. In addition the lateral shower pattern has to 
be consistent with that expected for a single electromag- 
netically showering particle and the shower mass Ms 
is required to be significantly below the n ~ mass value. 

For each two-photon combination in the event the 
invariant mass and the total energy of the two-photon 
system are calculated. The resulting mass spectrum 
shows a striking n o signal. To study the n o yield as a 
function of the pion energy the two-photon invariant 
mass distributions are analyzed in bins of the scaled ener- 
gy variable z=2E~Jl/s, where E ~  is the total energy 
of the two-photon system. The full z range is divided 
into intervals of d z = 0.02. Mass distributions from con- 
tinuum data for two z bins are shown in Figs. 1 a, b. 
A reconstruction of n o mesons using the invariant mass 
method is achieved up to E (n ~ < 950 MeV (z =< 0.2) with 
a steady decrease in efficiency for pion energies above 
500 MeV. In contrast, the shower mass technique allows 
an efficient reconstruction of n ~ mesons of energies above 
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Fig. l a d .  The 77 invariant mass spectra for continuum data in 
the n o mass region. Selected z bins are shown. The spectra of a, b 
were obtained with the invariant mass method, while e, d are ob- 
tained with the shower mass technique. The fit results for the s ~ 
signal (solid line) and the background (dashed line) are superim- 
posed on the data 
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about 700 MeV (z > 0.14)up to 1.6 GeV (z < 0.34). Distri- 
butions of the shower mass Ms are shown for continuum 
data in two z bins in Figs. 1 c, d. 

The corresponding distributions for F(1S)--+3g 
events, shown in Fig. 2, are obtained for each z interval 
by subtracting the normalized continuum mass spectrum 
from the corresponding mass spectrum of the Y(1 S) res- 
onance data. The normalization factor takes into ac- 
count the luminosity ratio between the two data samples, 
the event selection efficiencies for F(1S)--+3g and 
F(1 S)--+qgt decays, and the branching ratio 
B(F(1 S)--*q gl). 

By fitting the mass distributions, the number of re- 
constructed n ~ mesons is determined in each z interval 
of each sample. The n ~ signal is described by a Gaussian 
with a z-dependent width, which was obtained from a 
Monte Carlo study. The background shape was parame- 
trized by fourth or second order polynomials, depending 
on whether the spectrum was obtained by the invariant 
mass method or the shower mass technique. The fit re- 
sults are superimposed on the data shown in Fig. 1 and 
Fig. 2. 

The study of t /product ion  is based on a larger contin- 
uum sample by using in addition 29.6 pb-  t of data taken 
just below the F(4S) resonance. Furthermore, due to 
poorer statistics the t/ production is analyzed in wider 
intervals of Az=0.04. The energy deposits of the two 
photons from t /~77 seldom overlap in the calorimeter. 
Accordingly we restrict the analysis to the reconstruction 
of t /mesons from two well-separated photons. However, 
the analysis suffers from a large combinatoric back- 
ground in the t/mass region. A reduction of the combina- 
toric background below the ~ signal is achieved with 
an algorithm to suppress photons from n ~ decays. The 
algorithm selects that combination of photon pairs 
which yields the largest number of invariant masses com- 
patible with the n ~ mass. The photons forming these 
n ~ candidates are ignored. The remaining photons in 
the event are then paired, revealing an t/signal. Figure 3 
shows the resulting two-photon invariant mass spectra 
for the continuum data and the F(1 S)~3g events. The 
highest z interval for which the t/signal is fitted is [0.40- 
0.44]. The fits assume a Gaussian shape for the signal 
with a fixed mass resolution of a(q)=25 MeV/c 2, con- 
stant for all z intervals, plus a background described 
by third order poIynomials. 

2.3 Effieiencies and systematic errors 

The efficiencies of our n ~ and q reconstruction proce- 
dures were determined from Monte Carlo studies. With 
the Lund 6.2/6.3 program versions [8] we simulated 
the processes F(1S)--+3g~hadrons and e+e---+qgl 
--+hadrons. The generated events were passed through 
a complete detector simulation, where the shower devel- 
opments of electromagnetically interacting particles were 
handled by the EGS 3 code [-9] and the interactions of 
hadrons were simulated with the G H E I S H A 6  program 
package [-10]. The Monte Carlo data samples were then 
analyzed in the same way as our data. The efficiency 
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Fig. 3a,  b. The 7?' invariant  mass spectra a cont inuum and b 
r( l  s)--,3 g events in the ~/mass region after n ~ removal. Selected 
z bins are shown. The fit results for the t/ signal (solid line) and 
the background (dashed line) are super imposed on the data  

for each z bin was calculated from the number of n ~ 
and t/ mesons obtained from the fits to the invariant 
mass spectra of the Monte Carlo data compared to the 
number of generated n ~ and t/mesons in the z bin. Figur- 
e 4a and b show the n ~ reconstruction efficiencies ob- 
tained from the qc7 and the 3 g Monte Carlo simulations, 
respectively. Different symbols refer to the two n ~ recon- 
struction methods. The t/efficiencies are plotted in Fig. 5. 

The systematic uncertainties in the reconstruction ef- 
ficiencies and in the n ~ and t/ yields were studied in 
some detail. Systematic errors common to the n ~ and 
t/analyses come dominantly from the difference between 
the two Monte Carlo event generators, the modeling 
of the calorimeter response, and the tracking chamber 
performance. These effects contribute a systematic error 
of 9% on the efficiencies of both analyses. 

Systematic uncertainties in the particle yield which 
are different for the n ~ and q analysis and are specific 
to either the continuum data or the F(1S) data are 
caused by the following effects. Varying the order of the 
polynominal function used to model the background 
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shape of the invariant mass spectra results in a systemat- 
ic error of 3% and 5% on the rc ~ and t/yield, respectively. 
The measurements of particle production in the contin- 
uum process e + e -  ~qc~ is affected by initial state radia- 
tion, which can alter the energy spectra of produced light 
mesons. This effect also reduces the observed mean n ~ 
and t/multiplicities by about 5%. We correct our mea- 
sured particle spectra for initial state radiation by com- 
paring the z-dependent particle yields for Monte Carlo 
data generated with and without initial state radiation. 
This correction procedure adds a systematic uncertainty 
of 2% for the continuum analysis. Furthermore,  the mea- 
surement of the particle yields for the continuum data 
is affected by background from r-pair events. From the 
hadronic event selection efficiencies and the cross sec- 
tions for z-pair and q c 7 production we estimate that 
about  4% of our final selected continuum events are 
r-pair events. In the determination of the rc ~ yield this 
effect is partially compensated, since ~-decays lead to 
final states with n ~ mesons. Note however, that there 
are no significant z-decay modes to final states with t/ 
mesons. The above effects are estimated to reduce the 
observed mean rc ~ and t/ multiplicity per continuum 
event by 2% and 4%,  respectively, and are globally tak- 
en into account by scaling the corresponding particle 
spectra. The remaining systematic uncertainty from this 
correction is i %  for the 7c ~ and ~/continuum analysis. 

For  roughly half of the F(1 S) data used in this analy- 
sis about i5% of the NaI(T1) crystals showed a non- 
linear energy response due to a malfunction in their elec- 
tronic readout [11]. From a simulation of these nonlin- 
earities we estimate uncertainties in the particle yield 
of 3% and 1% for the 7c ~ and q production study, respec- 
tively. 

An additional uncertainty of the q production analy- 
sis arises from the r~ ~ subtraction procedure. The depen- 
dence of the q yield on the rc ~ mass cut used in this 
algorithm was studied by Monte Carlo simulations. The 
observed systematic variations change the fl yield by 
about 5%. 

The various contributions to the systematic error 
were added in quadrature. For  the n ~ analysis we obtain 
Osyst.(~z~ and for the q analysis O ' s y s , . ( / ~ ) :  

+ 1 2 % .  

0.08 
Q) 

0.06 

O 

0.04  

f / l  

o ~ 0 . 0 2  

~ 0.0 

.... ~ ......... l ......... i ......... i ......... ]'"i 

b) t T(1S) ~, 3g 

i k , I  . . . . . . . . .  I . . . . . . . . .  I . . . . . . . . .  I . . . . . . . .  , l l l l  

0.05 0.15 0.25 0.35 0.45 

Fig. 5a, b. The q reconstruction efficiency in different z bins for 
a continuum and b F(1 S)--*3g data 

3 Results and discussion 

3.1 Inclusive energy spectra 

We correct the observed n ~ and t/ yield found in each 
z-bin for the particle reconstruction efficiency, initial 
state radiation, v-background, and for the effect of low 
multiplicity hadronic events which are rejected by our  
hadronic event selection algorithm. The inclusive particle 
spectra are then obtained by dividing the corrected 
number of r~ ~ and q mesons in each z by the the number 
of hadronic events Nev and by the particle velocity fl 
=pc/E. Nev denotes the number of observed qc7 or 
Y(1S)-~3g events depending on whether the particle 
spectra of the continuum or the Y(1 S) data sample are 
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Table 1. The results of the fits to the inclusive n ~ and t/ energy 
spectra. Only the statistical errors are given. The fit function is 
noted in the table 

F (z )=A .e  -b'z A b 

~o: Continuum 84.64-10.2 13.64- 0.7 
Y(1 S)~3g 74.4_+ 6.0 13.0_+0.5 

I/: Continuum 7.9+ 3.8 9.1-+1.8 
Y(1S)--.3 g 20.6+ 6.7 11.3-+1.3 

studied. We combine the continuum data samples, taken 
at center-of-mass energies between 9.4 GeV and 
10.5 GeV, and analyze them together, since over such 
a small change in center-of-mass energy no significant 
variation in the fragmentation behaviour is expected. 
The luminosity weighted center-of-mass energies of the 
continuum data samples used for the ~o and t /analyses 
are 9.58 GeV and 10.24 GeV, respectively. The resulting 
inclusive energy spectra for s ~ and 1/production are dis- 
played in Figs. 6 and 7, respectively. For  the ~o spectra 
the results of both reconstruction methods in the range 
0.14 < z < 0.20 are averaged according to their statistical 
weights. These spectra were fitted with an exponential 
function of the form 

1 dn 
. . . .  A.e-b.z  
fl'Nev dz (3) 

with free parameters  A and b. The fitted functions are 
superimposed on the data in Figs. 6 and 7, and the fit 
results are summarized in Table 1. 

Inclusive s ~ and t/ energy spectra were calculated 
using the program of [8] on the basis of the Lurid color 
string model [2] and the coherent par ton shower model 
[3]. The measured rc ~ energy spectra are compared with 
the predictions of both models in Fig. 6. Within errors 
the observed s ~ spectrum for continuum data is in agree- 
ment with both models. For  the Y(1 S) data the measured 
~o yields at low z values are below the model predictions. 
The agreement between the measured inclusive q spectra 
and the predictions based on the two fragmentation 
models is less satisfactory. For  the continuum data 
(Fig. 7a) the predictions of both models are above our 
data points and the predicted tt spectra in direct Y(1 S) 
decays (Fig. 7b) are somewhat  steeper than our mea- 
sured one. 

A comparison of our results with those obtained by 
CLEO [12] and A R G U S  [13] for inclusive no produc- 
tion in direct g(1 S) decays is shown in Fig. 8. The spec- 
tra are consistent with each other. Our rc ~ spectrum for 
continuum data can also be compared to measurements 
performed at other center-of-mass energies by multiply- 
ing it by S'O'ha d = s'R'auU to convert it into an inclusive 
production cross section. For  R we use our measured 
value [14] of 3.48 _+0.16 and au, denotes the/~-pair cross 
section in lowest order QED. The scaled differential 
cross section for rc ~ production in the continuum as ob- 

tained by different experiments [13, 15-17] at ]//~ 
=(5-14) GeV is plotted in Fig. 9. For  the q production 
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in nonresonant e + e -  annihilation the scaled differential 
cross section from various experiments [13, 17-19] per- 
formed at [ / s  between 9 GeV and 35 GeV is shown in 
Fig. 10. In both cases good agreement between all mea- 
surements is observed. All measured particle rates and 
inclusive production cross sections together with their 
combined statistical and systematic errors are listed in 
detail in Table 3 to Table 6. 

3.2 Particle multiplicities 

The mean number, (n ) ,  of rc ~ or t /mesons per hadronic 
event, was calculated by integrating the inclusive energy 
spectra: 

i 1 dn.d z (4) 
( n )  = zo Ne~" d~ 

with Zo = 2 M(rc ~ q)/[/s. Since the spectra were not mea- 
sured over the full z range the fit results from the pre- 
vious section have been used in the integral. The extrapo- 
lation contributes at most 5% to our derived mean parti- 
cle multiplicities. The mean number of zt ~ mesons per 
event obtained by this procedure is ( n ~ o ) = 3 . 6 4 + 0 . 2 1  
+0.36 for nonresonant e+e-~q4 events and (n ,o )  
=3.39___0.14___0.34 for F(1S)--*3g events. From the 
measured 11 spectra we obtain @ , ) = 0 . 2 2 _ + 0 . 0 4 _ 0 . 0 3  
for continuum events and ( n , )  = 0.35 + 0.04 + 0.04 for di- 
rect Y(1 S ) ~ 3  g decays, where statistical and systematic 
errors are given separately. For comparison we list in 
Table 2 together with our results the CLEO [12] and 
A R G U S  [13] results on rc ~ and t/ multiplicities in the 
Y(1 S) energy region. Within the errors the experiments 
are in agreement. 

The particle multiplicities are also compared in Ta- 
ble 2 with the predictions of the color string and the 
coherent parton shower fragmentations models. Our 

Table 2. Mean multiplicities for n ~ and q mesons in nonresonant e+e-~q4 events and Y(1 S)--*3g decays. Statistical and systematic 
errors are quoted. For comparison the results of the A R G U S  and CLEO experiment are given. The predictions of the color string 
and the coherent parton shower fragmentation models are also listed 

Multiplicity ( n )  Crystal Ball A R G U S  C L E O  Color string Parton shower 

n ~ Continuum 3.64 _+ 0.21 _+ 0.36 3.22 _+ 0.07 +_ 0.31 3.0 _+ 0.7 3.6 3.5 
Y(1 S ) ~  3 g 3.39 _+ 0.14 _+ 0.34 3.97 _+ 0.23 __ 0.38 5.2 • 1.8 4.2 4.3 

t/: C o n t i n u u m  0.22 _+ 0.04_+ 0.03 0.19 _+ 0 . 0 4 _  0.04 - 0,44 0.42 
Y(1 S) ~ 3 g 0.35 _ 0.04 ___ 0.04 0.40 + 0.14 _+ 0.09 - 0.57 0.59 
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Table3. Inclusive ~z ~ spectrum in the continuum (Vs= 
(9.4-10.0) GeV) 

1 dn,o s da(#b GeV 2) 
Z - - - -  

N~v/~ dz /3 dz 

0.028~).040 62.3 _+16.7 18.8 _+5.1 
0.04-0.06 49.9 _+ 9.5 15.1 _+2.9 
0.06 4).08 34.7 _+ 5.9 10.5 _+ 1.8 
0.08 4).10 20.3 _+ 3.2 6.14_+0.98 
0.10 4).12 20.1 _+ 3.3 6.08_+1.00 
0.12 4).14 17.7 _+ 3.2 5.34_+0.98 
0.14 -0.16 12.5 _+ 1.9 3.77_+0.58 
0.16-0.18 9.3 _+ 1.4 2.81_+0.43 
0.18 -0.20 5.38_+ 0.88 1.63_+0.27 
0.20 0.22 4.08_+ 0.81 1.23_+0.24 
0.22 4).24 3.33_+ 0.74 1.00_+0.22 
0.24 4).26 3.27_+ 0.80 0.99_+0.24 
0.26 4).28 2.88_+ 0.73 0.87_+0.22 
0.28-0.30 1.62_+ 0.48 0.49_+0.15 
0.30 4).32 1.52_+ 0.41 0.46-+0.12 
0.32 4).34 2.47-+ 1.05 0.74-+0.32 

Table4 .  Inclusive t/ spectrum in the continuum (l/s= 
(9.4 10.5) GeV) 

1 dn .  s 
Nev fl dz ~ (#b GeV z) 

0.124).16 2.66_+0.86 0.80 +0.26 
0.164).20 1.21 +0.48 0.37 -+0.14 
0.2043.24 1.39-+0.50 0.42 -+0.15 
0.2443.28 0.65-+0.19 0.20 _+0.06 
0.284).32 0.81 _+0.41 0.24 _+0.12 
0.324).36 0.33 _+ 0.19 0.099 _+ 0.057 
0.364).40 0.26 + 0.11 0.077 _+ 0.032 
0.404).44 0.18 _+ 0.13 0.054 _+ 0.039 

Table 5. Inclusive n ~ spectrum in direct F(1 S) decays 

1 d glno 

Nevfl dz 

0.028 0.04 40.6 __+7.3 
0.04 -0.06 39.1 __+4.8 
0.06 4).08 33.8 __+4.0 
0.08 0.10 26.5 __+3.1 
0.10 -0.12 18.5 __+2.2 
0.12 -0.14 13.8 __+1.7 
0.14 0.16 10.0 __+1.2 
0.16 0.18 7.16__+0.86 
0.18 4).20 5.98__+0.76 
0.20 4).22 4.43 -+0.62 
0.22 4).24 3.49-+0.52 
0.24 0.26 3.00-+0.55 
0.26 4).28 2.85-+0.63 
0.28 -0.30 1.98 _+0.40 
0.30 4).32 1.37_+0.28 
0.32 4).34 1.05_+0.23 

Table 6. Inclusive r/spectrum in direct F(1 5) decays 

1 dn~ 
N~v/~ dz 

0.124).16 4.78 + 1.00 
0.164).20 2.64 • 0.54 
0.204).24 1.64 _+ 0.36 
0.24-0.28 1.06 + 0.25 
0.284).32 0.61 +0.16 
0.324).36 0.48 + 0.13 
0.364).40 0.32 + 0.14 
0.404).44 0.42 + 0.23 

measured rc ~ multiplicity for the con t inuum data  is in 
good  agreement  with bo th  models, while for F(1 S) data  
we obtain  a rc ~ multiplicity two s tandard  deviations be- 
low the model  predictions. The measured t/multiplicities 
for bo th  samples are smaller than those expected from 
these models, but  show the expected trend of a larger 
multiplicity in F(1 S ) ~ 3 g  events compared  to contin-  
uum events. 

In the Peterson-Walsh f ragmentat ion model  [4] one 
qualitatively expects the ratio (n,>/(n~o> to be larger 
in g luon fragmentat ion compared  to quark  fragmenta-  
tion. We obtain:  

(n ,> - 0 . 1 0 + 0 . 0 2  (F(1 S)--,3 g), 
<n~o> 

(n,> = 0.06_+ 0.02 (Continuum). 
<n~o> (5) 

This shows the t rend expected by Peterson and Walsh, 
but  the effect is not  very significant due to the large 
errors. They give a quanti tat ive predict ion for quark  and 
gluon jets of  energy 10 GeV:  the number  of t/ mesons 
with a scaled energy z > 0.3 is expected to be in the range 
(0.11 0.31) per gluon jet, while it is predicted to be 0.05 
per qua rk  jet. The relatively wide range of  the predicted 
t/ yield is due to theoretical uncertainties in the ratio 
between vector mesons and pseudoscalars  and in the 
pr imordia l  f ragmenta t ion function for gluon jets. If  these 
predictions are also valid at lower jet energies, one ex- 
pects an enhancement  of  t/ p roduc t ion  in F(1S) - - ,3g  
events compared  to con t inuum events by a factor  be- 
tween three to nine. We obtain  for the mean number  
of t /mesons  per event with scaled energy z > 0.3 

(n,> (z = 0.3) = 0.059 + 0.015 

(n,> (z > 0.3) = 0.053 • 0.018 

( r (1  S ) ~ 3  g), 

(Continuum).  (6) 

A significantly higher q multiplicity in F(1 S ) ~ 3  g decays 
compared  to con t inuum produc t ion  as expected by this 
model  is not  observed. 



233 

4 Conclusions 

The p roduc t i on  of n ~ and  t / m e s o n s  in h a d r o n i c  events  
has been s tudied  using the Crys ta l  Ball  detector .  The  
inclusive energy spec t ra  of  these l ight  mesons  and  their  
m e a n  mult ip l ic i t ies  were measu red  for direct  Y(1 S) de-  
cays and  for n o n r e s o n a n t  e + e -  ann ih i l a t ion  events. 

In  the measu red  range  0 . 0 2 < z < 0 . 3 4  the rc ~ spec t ra  
are r ea sonab ly  well desc r ibed  by  the L u n d  co lo r  s t r ing 
and  the coheren t  p a r t o n  shower  f r agmen ta t i on  models ,  
a l t hough  for the Y(1 S ) ~ 3  g decays  the obse rved  mean  
mul t ip l ic i ty  is two s t a n d a r d  dev ia t ions  be low the expec-  
ta t ions.  The  measu red  t/ spec t ra  for c o n t i n u u m  events  
and  1~(1 S) decays  are  be low the m o d e l  predic t ions .  In  
direct  ~'(1 S) decays  a ha rde r  q spec t rum c o m p a r e d  to  
the m o d e l  expec ta t ions  is observed.  O u r  scaled differen- 
t ial  cross sect ions for 7c ~ a n d  ~/ c o n t i n u u m  p r o d u c t i o n  
are  in g o o d  agreement  with o ther  expe r imen ta l  resul ts  
ob t a ined  over  a wide range  of  center -of -mass  energies.  

Fu r the r ,  we have s tud ied  our  m e a s u r e d  mul t ip l ic i t ies  
in the  l ight  of the p red ic t ions  of Pe te r son  and  Walsh .  
W e  observe  no signif icant  difference in the rc ~ to q meson  
p r o d u c t i o n  ra t io  between q u a r k  and  g luon  f r agmenta -  
t ion.  
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