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Abstract. The production cross sections for the A, 
Z ~ E- ,  Z -+ (1385), ~0 (1530) and f2- hyperons have 
been measured, both in the continuum and in direct Y 
decays. Baryon rates in direct 1 c decays are enhanced 
by a factor of 2.5 or more compared to the continuum. 
Such a large baryon enhancement cannot be ex- 
plained by standard fragmentation models. The 
strangeness suppression for baryons and mesons 
turns out to be the same. A strong suppression of 
spin 3 states is observed. 

Introduction 

The production of octet and decuplet hyperons in 
e+e--annihilation has been observed recently [1]. 
These data extend and supplement the information 
collected on baryon production in other deep inelastic 
reactions [2-5]. Measurements of hyperon produc- 
tion in direct lCdecays and in the adjacent continuum 
are of special interest, since a comparison of the re- 
spective rates allows for a study of hyperon produc- 
tion in quark and gluon fragmentation. The enhanced 
baryon rates observed in direct lc decays [3, 4] might 
be interpreted as an indication of differences between 
the fragmentation of quarks and gluons. Precise bary- 
on data are of great importance for settling this prob- 
lem, particularly since new meson data have been 
measured recently [6]. 

In this paper we present a measurement of A and 
- momentum spectra in the continuum and in direct 

decays of the Y(1S) and ~(2S). The production rates 
of S ~ S-+(1385), ~~ and I2- have been deter- 
mined separately for the continuum and direct Y de- 
cays. These measurements expand and supplement 
our recently published results [1], for example 
through the inclusion of differential cross sections, 
and due to the appreciably improved statistics for 
the continuum sample. 

Data analysis 

The data were collected with the ARGUS detector 
at the DORIS II storage ring at DESY at center-of- 
mass energies between 9.4 and 10.6 GeV. The detec- 
tor, its trigger and particle identification capabilities 
have been described elsewhere [7]. The event sample 
used corresponds to an integrated luminosity of 
25.7 pb-  1 on the lql S), 29.3 pb-  a on the Y(2S), 
95.4 pb-  1 on the Y(4S) and 42.3 pb-  1 in the contin- 
uum. For the study of the low statistics O- and 2 O 
signals the full Y(1 S) data sample of 39.4 pb-  1 was 
exploited, although part of it was collected with a 
reduced magnetic field. Note also that, except for the 
analysis of the A and the ~ - ,  the Y(1 S) and Y(2S) 

data have been combined while the ~4  S) was added 
to the continuum sample. Hyperon production from 
B meson decays has been taken into account for the 
S ~ and the X + (1385), which are expected decay prod- 
ucts of the Ac. Since the corresponding branching 
fractions are unknown, it has been assumed that in 
a BB event the rate for X-like baryons is half the 
continuum rate whereas it is zero for hyperons carry- 
ing more than one strange quark. The uncertainty 
in the presented rates for continuum data due to BB 
contributions is estimated to be 13% and is included 
in the systematic error. 

Multihadron events were selected by demanding 
>3 charged tracks from the main vertex or __>3 
charged tracks plus an energy deposition of 
> 1.7 GeV in the shower counters. To reduce the 
background of beam-gas and beam-wall events a cut 
on a linear combination of the momentum sum of 
all detected charged and neutral particles and the sum 
of their momenta along to the beam axis was applied: 

~p,-1.5.lZpz. , l>O.25.l/s.  
i i 

This cut efficiently removes contributions to the A 
rate from these background reactions. The efficiency 
for multihadron events containing a A to pass these 
cuts is 95%, as determined from the data by studying 
the .//signal only, where no background contribution 
is expected. The remaining background contribution 
to the A rate has been estimated to be less than 1%. 

The acceptance of charged tracks was defined by 
cuts on transverse momentum pt>0.06 GeV/c and 
polar angle Icos 01 <0.92. For a given charged track 
all mass hypotheses were accepted for which the likeli- 
hood ratio [8] constructed from the combined dE/dx 
and time-of-flight measurements exceeded 5%. A par- 
ticles were selected by a cut on the Z 2 of the secondary 
vertex of the prt--combination*. Only protons with 
a momentum above 0.3 GeV/c were used in the analy- 
sis. In addition the A candidate had to fulfil the re- 
quirement that its polar angle satisfies [cos 0[<0.85, 
and the distance R from the secondary vertex to the 
beam axis was constrained to lie in the interval 
4 cm < R < 40 cm. The opening angle between the p 
and the re- was required to satisfy cos(p, zc-)<0.998, 
in order to reject background from converted pho- 
tons. To suppress A particles from charge-exchange 
reactions in the inner detector material, the angle be- 
tween the flight direction of the A and the vector 
d connecting the main and the secondary vertex had 
to be cos(p, d)>0.995. Again the remaining back- 
ground is reduced below I% after this cut. This cut 

* References to specific states are to be interpreted as also implying 
the charged conjugate state 



was not applied to A particles used in the search of 
~ -  and f2- hyperons, where the A does not originate 
from the main vertex. 

For  acceptance corrections an overall efficiency 
was associated with each particle combination. The 
total acceptance was constructed from a Monte-Carlo 
detector simulation as a product  of two components:  

1. •eomb reflects the probability for the reconstruction 
of a selected particle combination. It is given by the 
product  of more fundamental detector acceptances 
such as the track efficiency, absorption and decay of 
particles, vertex reconstruction efficiency and losses 
due to particle identification cuts. Each of these effi- 
ciencies is described by a function of one or two prop- 
erly chosen parameters listed in Table 1. 
2. egeom corrects for those combinations having zero 
acceptance. This includes the geometric acceptance 
and losses due to kinematical cuts, parametrized as 
a function of the particle momentum. 

An overall weighting factor of 

W = S "  r c / ( / 3 g e o  m �9 E e o m b  ) 

was assigned to each particle combination where s 
is the center-of-mass energy squared and rc is a factor 
representing the radiative corrections for continuum 
data. This technique has several advantages: 

�9 Acceptance corrections can be performed without 
relying sensitively on specific distributions in the 
event generator, e.g. the momentum distribution, if 
this cannot be measured with enough precision. 

Table 1. Parameters used for the acceptance function ecomb 

component  parameter  (s) 

Track efficiency p, Icos OI 
Vertex efficiency R, cos(p, ~ - )  
Particle absorption p 
Particle identification p 
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�9 The time dependence of acceptances due to new 
detector components can easily be taken into account. 

The systematic error of the factorization ansatz was 
determined by a Monte-Carlo calculation to be less 
than 2%. Note that the invariant mass distributions 
presented are weighted in the described way, normal- 
ized by the luminosity to the natural scale of s. d a/d m 
in units nb. GeV- c 2. 

The pro- mass distribution for xp > 0.1 is shown 
in Fig. 1, where xp is the scaled momentum P/Pmax" 
An almost background-free A signal, with a width 
of 1.6 MeV/c 2, is observed. The A cross section was 
determined by side-band subtraction. Here the mass 
interval of 1.105-1.125 GeV/c 2 was treated as the sig- 
nal region, while the intervals of 1.095-1.105 and 
1.125-1.135 GeV/c z were used as lower and upper 
side-bands for background subtraction. 

Figure 2 shows the A re- mass distribution for the 
Y(1 S) and the continuum data. In this decay channel 
the 3 -  and the 22-(1385) resonances are expected. 
The total momentum of the combination had to ex- 
ceed xp>0.15. Only those combinations where a A- 
candidate had a momentum p > 0.4 GeV/c and a Z 2 
<9  for the A mass hypothesis were considered. A 
mass constrained fit was applied to the pro--system. 
A gaussian was used to parametrize the 3 -  signal, 
while a 3 rd-order polynomial function with a square- 
root threshold behaviour represents the combinator-  
ial background. In addition a relativistic p-wave 
Breit-Wigner [9] with fixed mass and width is used 
to describe the 22-(1385) resonance. A prominent 3 -  
signal is observed at a mass of 1321.2+0.6 MeV/c 2 
and a gaussian width of 4.2 MeV/c z, while in this 
plot there is nearly no evidence for the 22- (1385). The 
systematic error in determining the 3 -  signal from 
this fitting procedure was determined by a Monte- 
Carlo analysis to be 5%. 

In order to analyse the 22-(1385) signal the pion 
track, which in the case of the decay 22-(1385)--*A 7r- 
is prompt,  was required to point to the main vertex 
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Fig. l a ,  b. Mass distributions of pn_ 
combinations with xp>0.1 a for Y(1S) 
data, b cont inuum data  
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Fig. 2a, b. Mass distributions of A n -  
combinations with xv>0.15 a for )c(1 S) 
data, b continuum data 

Fig. 3a, b. Mass distributions of 
combinations with xp>0.15 of A 
candidates with a prompt n--track a for 
Y(1S) and Y(2S) data, b for H4S) and 
continuum data 

region within seven standard deviations. Again a mo- 
mentum cut of xp>0.15 was applied. In Fig. 3 the 
A re- mass combinations for the combined Y(4 S) and 
continuum data and the combined ]c(1s) and Y(2S) 
data samples are shown. A smoothed Monte-Carlo 
background, normalized to the data in the mass re- 
gion between 1.6 and 1.85 GeV/c 2, was used to extract 
the signal contribution. The signal was integrated 
within the mass interval of 1.35-1.42 GeV/c 2. The sys- 
tematic uncertainty on the background normalization 
was determined by dividing the normalization region 
into 5 mass intervals. Again, the signal was deter- 
mined using each of these intervals separately for nor- 
malization, which serves as a test of how well the 
slope of the Monte-Carlo background fits the data. 
A total systematic uncertainty of 8% was derived by 
this method. To show that the signal in Fig. 3 has 
the correct shape, a p-wave Breit-Wigner with fixed 
mass and width was fitted to the background sub- 
tracted mass distribution. The fitted function was then 
added to the Monte-Carlo background and superim- 
posed to the data points. 

A similar analysis was performed for the X + (1385) 
decaying to Arc +. The corresponding mass distribu- 
tions with a momentum cut xp>0.15 for the ]c and 

continuum data are shown in Fig. 4. Here an event 
mixing background resulted in a better description 
of the data. It can be shown [10] that A K  + correla- 
tions, where the K + is misidentified as a pion, influ- 
ence the background distribution. Thus the event 
mixing was performed only between events with parti- 
cle (or anti-particle) combinations, in order to take 
into account for this strangeness correlation. Employ- 
ing the same error analysis as in the case of the 
S-  (1385), the systematic error of the background sub- 
traction was estimated to be 9%. 

~ -  candidates were obtained by selecting A n -  

combinations within a region of _ 10 MeV/c 2 around 
the ~ -  mass and with momentum p>0.4 GeV/c. 
These are combined with an additional n + candidate 
to produce the invariant mass combinations shown 
in Fig. 5. Again, only combinations with xp>0.15 
were eonsidered. A clear signal at the position of the 
~~ is visible in the combined Y(1 S) and )c(2S) 
data, while a considerably weaker signal of 3 standard 
deviations significance is observed in the continuum. 
The signals were fitted with a p-wave Breit-Wigner 
of fixed width (F=9.1 MeV/c2), folded with a gaus- 
sian of free width, while the background was de- 
scribed by a square-root times a 3rd-order polyno- 
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Fig. 4a,  bo Mass  distr ibutions of 
combinat ions  with xp>0.15  of A 
candidates with a p ro mp t  n+- t rack  a F(IS) 
and Y(2S) data  b for ~ 4 S )  and con t inuum 
data 
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Fig. 6a, b. Mass distributions of AK- 
combinations with xp>0.15, a for Y(1S) 
and ~2S) data, b for ~(4S) and continuum 
data 

mial. The fitted mass of  the observed resonance is 
1530.6+ 1.1(1534.1 __+3.8) MeV/c  2 for the combined  
(cont inuum) data. A gaussian width of  6.5 MeV/c  2 
was obta ined  f rom the fit to the ~" data,  which is 
compat ib le  with the detector  resolution. The width 
was fixed to this value when fitting the con t inuum 
data.  

The A K -  invariant  mass  distr ibutions with xp 
>0 .15  are plot ted in Fig. 6. A clear f2-  signal is ob-  
served in the ~'data,  while in the con t inuum sample 

an enhancement  with only a marginal  significance is 
visible. The invariant  mass dis tr ibut ion was fitted 
with a square- root  times 3 rd -order  polynomia l  plus 
a gaussian of  free mass and  width in case of  the Ir 
data.  The region between 1.75-1.85 GeV/c  2 was left 
out  of  the fit since contr ibut ions  f rom the ~ -  reflec- 
t ion due to rc/K misidentification are expected there. 
The mass and width determined f rom this fit are 
m = 1671.2___ 1.1 MeV/c  2 and a - -  5.7 + 1.1 MeV/c  2. By 
fitting the con t inuum sample, a small positive signal 
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at a mass of 1669.6 +__ 5.5 MeV/c 2 was obtained, using 
a width fixed to the value given above. 

Finally in Fig. 7 we show the invariant mass of 
A7 combinations, where the photon has converted 
into an e § e--pair  forming a secondary vertex [11]. 
Note that all data have been combined to achieve 
this signal. The excellent energy resolution for con- 
verted photons results in a narrow signal with 
rn= 1193.4+0.7 MeV/c 2 and o-=2.3+0.6 MeV/c 2. A 
3rd-order polynomial plus a gaussian was used to 
describe the invariant mass distribution. 

The acceptance corrected rates were divided by 
the corresponding branching ratios, taken from [123, 
for each specific channel and for the decay A--+ p rr-. 
For broad resonances an additional correction for 
the tail of the mass distribution was applied, integra- 
ting the Breit-Wigner function numerically up to 
2.5 F. The extrapolation to the unobserved momen- 
tum range was done for the A and E -  particles by 
fitting a function 

1 dcr 
flahaa dz A.exp(-b.z)  
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Fig. 7. Mass distributions of A 7c combinations with xp > 0.15, where 
7c is a converted photon. All available data have been combined 
for this plot 

with z=2.E/~s to the particle spectrum, where E 
is the hyperon energy. For all other resonances the 
shape of the E -  spectrum was used for extrapolation. 
The ~'- spectrum was used instead of the A spectrum 
since our data show that A particles are to a high 
degree decay products of heavier hyperons, and hence 
their spectrum is slightly softened. A momentum cut 
of xv>0.15 retains 78.7% of the events in Ydecays 
and 82% in the continuum. The results of particle 
rates per event are collected in Table 2. The first error 
given is purely statistical, while the second includes 
the systematic errors of the acceptance correlation, 
the analysing procedure, the multihadron selection 
and the momentum extrapolation. 

Discussion of results and comparison 
with model predictions 

The A spectra 1/ohad.d~r/dx v for Y(1S), Y(2S) and 
continuum are shown in Fig. 8 a and, for further illus- 
tration, listed in Table 3. In addition, the A contin- 
uum spectrum 1/flahad'da/dz has been included in 
Table 4. Note that QED radiative corrections have 
been applied to the continuum data. The particle 
spectra for direct Y(1 S) and Y(2S) decays are obtained 
from the measured distributions at the resonance en- 
ergies by subtracting the contributions from the con- 
tinuum and the vacuum polarisation. As demon- 
strated in Fig. 8a, the direct Y(1S) and Y(2S) spectra 
are, within errors, identical. A comparison of the A 
spectra from continuum and direct Y(1 S) decays dem- 
onstrates that the former are harder. The predictions 
of the LUND string model (version 6.2) [14] are in- 
cluded in the figure. In case of the Y(1 S) data the 
shape of the spectra is reproduced approximately, but 
the absolute A rate turns out to be appreciably larger 
than predicted by the model. The measured contin- 
uum spectrum for A particles deviates from the model 
predictions, particularly at large momenta where the 
model predicts a higher rate. 

The spectra of E -  hyperons from continuum frag- 
mentation and direct Y(1 S) decays are compared in 

Table 2. Hyperon rates per multihadronic event in direct Ydecays and in the continuum 

baryon I* i* continuum 

A 
S -  
z O a  

z- (1385) 
S + (1385) 
~~ 
f2- 

(2.28 + 0.03 + 0.21) • 10-1 
(2.06+0.17+0.23)• 10 2 
(5.64 + 1.69 + 1.13) • 10-2 
(1.42+0.17+0.20) • 10 -2 
(1.68 + 0.29 + 0.23) • 10- 2 
(4.78 + 1.14 +__ 0.62) x 10 - 3 
(1.83+0.62+0.32) • 10 -3 

(0.92 -t-0.03 +0.08) x l 0  -1 
(0.67 +0.06 +0.07) x l 0  -z 
(2.29 +0.69 +0.49) x l0 -z 
(0.553 +0.109 +0.098) x 10 -2 
(0.513 + 0.095 + 0.092) • 10- 2 
(1.46 +0.51 +0.23) x 10 -3 
(0.72 +0.36 +0.13) x l0 -3 

a The o rate was separated between direct Ydecays and continuum by using the r value of the A 
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Fig. 8a ,  b. Inclusive  spect ra  1/ahaa.da/dx p for direct  F 
and  c o n t i n u u m  da ta  as a funct ion of the scaled 
m o m e n t u m  xn. The  dashed  and  dash -do t t ed  curves 
show the pred ic t ions  of the L U N D  mode l  a for A 
hyperons ,  b for ~ -  hyperons  

1 da 
Table  3a.  A spec t rum - -  - -  for F(1 S) d i rect  decays  

O ' h a  d dxp 

xp in terval  cross sect ion xp in te rna l  cross sect ion 

0,08-0.11 0.606 -t- 0.059 + 0.053 0.31-0.34 0.360 -I- 0.020 -I- 0.031 
0.11-0.14 0.835 + 0.047 _ 0.073 0.344).38 0.283 -t- 0.016 -I- 0.025 
0.14--0.16 1.026 + 0.055 + 0.089 0.38-0.42 0.181 -t- 0.014 __+ 0.016 
0 .16~ .18  0 . 9 1 9 + 0 . 0 4 8 + 0 . 0 8 0  0.42-0.47 0 .110+0.011 +0 .010  
0.18-0.20 0.947 -I- 0.046 + 0.082 0.47-0.52 0.060 -t- 0.009 + 0.005 
0.20-0.22 0.890 ___ 0.042 ___ 0.077 0.52-0.60 0.032 + 0.005 ___ 0.003 
0.22-0.25 0.823 _+ 0.031 -t- 0.072 0.60-0.70 0.009 -I- 0.003 -t- 0.001 
0.25-0.28 0.680 + 0.027 + 0.059 0.70-0.80 0.001 -t- 0.001 
0.28-0.31 0.491 + 0.023 + 0.042 0 .80- l .00  

1 d a  
Table  3b. A spec t rum - -  - -  for Y(2 S) direct  decays  

O'ha d dxp 

x~ in terval  cross sect ion xp in terval  cross sect ion 

0 . 1 0 ~ .  13 0.927 + 0.090 -I- 0.079 0.32-0.36 0.254 -I- 0.030 +__ 0.022 
0.13-0.16 1.014 + 0.076 + 0.086 0.36-0.40 0.222 -t- 0.027 -t- 0.019 
0.16-0.20 0.909 + 0.054 + 0.077 0 .40~ .45  0.130 + 0.021 + 0.011 
0.20-0.24 0.878 -t- 0.047 +__ 0.075 0.45-0.50 0.074 + 0.017 + 0.006 
0.24--0.28 0.600 + 0.039 -t- 0.05 l 0.50-0.60 0.034 + 0.009 -t- 0.003 
0.28-0.32 0.401 _ 0.033 _ 0.034 - - 

1 da 
Table  3e. A spec t rum - -  for c o n t i n u u m  da ta  

O~had dXp 

xr  in terval  cross sect ion xp in terval  cross sect ion 

0.10-0.14 0.248 -t- 0.025 + 0.021 0.42-0.47 0.098 ___ 0.010 __+ 0.008 
0.14-0.17 0.348 -I- 0.028 + 0.030 0.47-0.52 0.052 -t- 0.008 ___ 0.004 
0. ! 7-0.20 0.333 + 0.024 -t- 0.028 0.52-0.58 0.034 + 0.007 -t- 0.003 
0 . 2 ~ 0 . 2 4  0.275 + 0.019 + 0.029 0.58-0.64 0.018 + 0.006 + 0.002 
0.24-0.28 0.236 + 0.016 + 0.020 0.644).70 0.010 -I- 0.004 ___ 0.001 
0.28-0.32 0.198 + 0.014 -t- 0.017 0 . 7 0 ~ . 8 0  0.005 + 0.003 
0.32-0.37 0.173 __+ 0.013 -I- 0.015 0.80-1.00 0.001 + 0.001 
0.37-0.42 0.109 + 0.011 + 0.009 - - 
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Table  4. A spec t rum - -  - 
1 do- 

rio-had dZZ for c o n t i n u u m  da ta  

z in terval  cross sect ion z in terval  cross sect ion 

0.23-0.25 1.190 + 0.144 __+ 0.095 0.38-0.42 0.259 + 0.021 _+ 0.021 
0.25-0.26 1.109 +_ 0.140 +__ 0.089 0.42-0.46 0.145 _+ 0.018 + 0.012 
0.264).27 1.044___0.121 -t-0.083 0.46-0.50 0.108 ___0.015 +__0.009 
0.27-0.28 0.785 __+ 0.096 _+ 0.063 0.50-0.55 0.064 _ 0.011 +__ 0.005 
0.28-0.29 0.781 _ 0.089 + 0.063 0.55-0.60 0.055 + 0.010 + 0.004 
0.29-0.30 0.628 + 0.078 + 0.050 0.60-0.70 0.016 _+ 0.005 + 0.001 
0.30-0.32 0.496 _+ 0.044 ___ 0.040 0 . 7 0 ~ . 8 0  0.008 + 0.003 + 0.001 
0.32-0.34 0.398 _+ 0.038 __+ 0.032 0.80-1.00 0.003 +__ 0.001 
0.344).38 0.301 +__ 0.022 + 0.024 - - 

Fig. 8b. The data points are listed in Tables 5 and 
6. Again, the continuum data have the harder spec- 
trum and the predictions of the LUND model deviate 
from the observed distributions. Both the A and the 
E-  spectra are consistent with those measured by 
the CLEO collaboration [4] at comparable energies. 

From the particle rates per event collected in Ta- 
ble 2 it follows that the production rate of all hyper- 
ons is much larger in direct F decays than in the 
continuum. To illustrate this in more detail we present 
in Fig. 9 a plot of the resonance enhancement factor 
defined as 

hadrons/event in ~1 S) decays 
r ~  

hadrons/event in the continuum" 

Besides the presented results we have included results 
taken from [6, 13]. This figure demonstrates that the 
baryon enhancement in Fdecays is not a mass effect, 
as predicted by colour singlet cluster models [15], 
since heavy mesons, as the t/ and ~b, show no such 
enhancement. 

It should be pointed out that also the LUND string 
model cannot reproduce the measured enhancement 
factor of r-~2.5-3.5. Note, however, that the LUND 
string model underestimates the A production in di- 
rect F decays and overestimates the rate for contin- 
uum events. The origin of the baryon enhancement 
in the LUND framework is a generally higher particle 
multiplicity and the possibility of producing diquarks 
in the first break-up of the closed string in 3 gluon 
events. Since about 40% of the continuum events are 
c &jets, baryon production in the continuum is further 
reduced by phase space. 

In the LUND model a baryon enhancement of 
about 2 can be explained with these arguments. There 
is no other way for this model to produce a substan- 
tial baryon enhancement in Fdecay, because the only 
adjustable parameter influencing the baryon rate is 
the diquark probability q q/q, which is equal in 3 
gluon and q ~ events since in both cases colour triplet 

Table  5a.  ~ -  spec t rum 1 d e  for F(1 S) direct  decays  
O-had dxp 

xp in terval  cross sect ion 

0.15-0.20 0.070 _+ 0.014 _+ 0.008 
0.20-0.25 0.064 _+ 0.011 _+ 0.007 
0.25-0.30 0.047 -4- 0.009 + 0.005 
0.30M140 0.032 +__ 0.005 ___ 0.003 
0.4043.50 0.015 ___ 0.003 _+ 0.002 
0 . 5 0 ~ . 6 0  0.006 + 0.002 _+ 0.001 
0 . 6 0 ~ . 8 0  0.001 _+ 0.001 

1 de 
Table  5b.  5 -  spec t rum - -  for c o n t i n u u m  d a t a  

O'ha d dxp 

Xp in terval  cross sect ion 

0 .15q120 0.021 • 
0 .20~ .25  0.021 ___ 0.006 ___ 0.003 
0.25-0.30 0.015 ___ 0.005 __+ 0.002 
0 . 3 0 ~ . 4 0  0.015 _ 0.003 _ 0.002 
0.40-0.50 0.006 _+ 0.002 _+ 0.001 
0 . 5 0 ~ . 8 0  0.001 _ 0.001 

1 do- 
Table  6. 8 -  spec t rum - -  - -  

~O'ha d dz 

z in terval  cross sect ion 

for c o n t i n u u m  d a t a  

0.29-0.32 0.067 + 0.023 _ 0.007 
0.32-0.35 0.049 + 0.014_+ 0.005 
0.35-0.39 0.028 + 0.008 + 0.003 
0.39-0.47 0.024 ___ 0.005 + 0.003 
0.47-0.55 0.008 _+ 0.003 +_ 0.001 
0.55-0.83 0.002 _ 0.001 

strings are assumed to be stretched. Hence the present 
data indicate that gluons and quarks might fragment 
differently. Contributions of octet strings to 3 gluon 
fragmentation [16], a source not considered up to 
now in the LUND version of the string model, might 
be a possible explanation for the differences. 
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Fig. 9. Ratio r of hadron production rates. The errors given in 
this plot are statistical only. The meson and proton rates are taken 
from unpublished A R G U S  results [6, 13] 

It should be stressed that an enhancement of this 
magnitude has been predicted in [17] in the frame- 
work of a cascade multiplication in quark and gluon 
jets. The free parameters of this model are derived 
from an analysis of J/~ decays. 

A more straightforward explanation discussed in 
detail in [10] is based on the assumption, that bar- 
yons only to small extent are leading particles in 
quark jets. This interpretation follows from the ob- 
served differences between the measured hyperon 
spectra shown in Fig. 8 a and b and the model predic- 
tions at large z. Even stronger evidence for this hy- 
pothesis follows from the comparison of the Z + (1385) 
and Z-(1385) production rates in the continuum. 
Since u-quarks are produced four times more often 
than d-quarks as primary quarks in 
e + e--annihilation, one would expect a ratio 
Z+ (1385)/S- (1385)> 1 in q~ events. Within our pres- 
ent errors the rates of S+(1385) and Z-(1385) are 
equal, while e.g. the LUND model (version 6.2) pre- 
dicts a ratio of 1.8. The difference again can be traced 
back to the suppression of leading baryons in quark 
jets. 

In Fig. 10 the strangeness suppression in baryon 
production is determined by the production ratio of 
hyperons which differ by one unit in strangeness. The 
results from 3 gluon decay and continuum data have 
been averaged, since they are equal within the present 
errors. As can be seen, the strangeness suppression 
is about 0.3 and, within the uncertainty of the mea- 
surements, independent of the baryon spin. Thus, the 
level of strangeness suppression is comparable to the 
value derived from meson production [18]. This is 
not generally expected in diquark models, which usu- 
ally claim that the production of diquarks carrying 
strangeness and/or spin 1 is suppressed. The most 
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Fig. 10. Strangeness suppression determined from the hyperon pro- 
duction rates. The errors given in this plot are statistical only 
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Fig. 11. Spin 3/2 suppression determined from different hyperon 
production rates. The errors given in this plot are statistical only 

natural explanation of this observation is that the 
three quarks forming a baryon are produced indepen- 
dently during the fragmentation process [19]. Note 
that the low S-/A ratio can be explained by the high 
feed-down from hyperon decays. Adding up the hy- 
peron rates given in Table 2, it follows that feed-down 
accounts for more than 60% of the total observed 
A rate. Taking the Z ~ rate as an approximate measure 
of the direct A rate, the strangeness suppression is 
given by the ratio ~ - / Z  ~ = 0.33 _+ 0.07 _ 0.06. 

Another symmetry breaking effect in the fragmen- 
tation process can be studied by comparing the pro- 
duction of octet and decuplet baryons with the same 
flavour content. Figure 11 shows the spin suppression 
for the ratios Z+ (1385)/Z ~ and ~~ No cor- 
rections for feed-down from excited states or for spin 
statistics have been applied. Nevertheless a strong 
spin suppression of 0.2~0.3 is observed, far beyond 
the predictions of colour singlet cluster models [15], 
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which assume hadron production rates are propor- 
tional to spin statistics. Moreover, spin suppression 
in baryon production cannot be explained by phase 
space arguments as in meson production, since the 
mass difference between octet and decuplet baryons 
is rather small. Therefore, this observation reveals a 
dynamical aspect of the fragmentation process. 

Summary 

In a high statistics sample of e § e- annihilation data, 
fragmentation into hyperons has been studied both 
for continuum events and direct Y decays. The mo- 
mentum spectra of the continuum data are harder 
than those of direct Ydecays. This observation agrees 
with expectations. The production rate of hyperons 
is enhanced by a factor of 2.5 or more in direct ~1 S) 
decays compared to the continuum. This enhance- 
ment is larger than predicted by standard fragmenta- 
tion models. Tuning of model parameters cannot 
solve this discrepancy. Hence this observation might 
indicate inherent differences of quark and gluon frag- 
mentation 

The strangeness suppression determined from hy- 
peron production rates turns out to be the same as 
for meson production. This observation favours frag- 
mentation models which allow for baryon production 
from independently produced quarks. Baryons with 
spin i are produced more abundantly than those with 
spin 3. Finally the comparison of 2: -+ (1385) produc- 
tion in the continuum leads to the conclusion that 
baryons are not dominantly leading particles of quark 
jets. 
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