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Abstract. Results on K ~ and A production in e+e - 
annihilation at c.m. energies of 14, 22 and 34 GeV 
are presented. The shape of the K ~ and A differen- 
tial cross sections are very similar to each other and 
to those of ~• K -+ and p(/7). Scaling violations are 
observed for K ~ production. We obtain a value for 
the probability to produce strange quark-antiquark 
pairs relative to that to produce up or down quark- 
antiquark pairs of 0.35_+0.02_+0.05. The value of R h 
=a(e+e-~hX)/auu is shown to rise steadily with 
c.m. energy for all particle species. At 34 GeV we 
find 1.48+_0.05K ~ and 0.31+_0.03A per event. We 
have searched for possible A polarization. The pro- 
duction of K~ and A's in jets is examined as a 
function of p2. and rapidity and compared to that of 
all charged particles; the yields in two and three jets 
are also investigated. Results are presented from 
events with two baryons (A, A, p or/~) observed. 

1. Introduction 

Since the number of primary strange quarks is small 
in e+e - annihilation reactions compared to the 
number of strange particles produced, the latter will 
mostly result either from the decay of heavier quarks 
such as charm or bot tom or from strange quark 
pairs produced during the fragmentation process. By 
studying the production of K~ and A's* we are 
able to study both the strange quark and baryon 
production mechanisms in the fragmentation of 
quarks to hadrons. 

Results from this experiment on the total cross 
section and momentum distributions of K~ at cen- 
tre of mass energies, W, of 30 and 33 GeV and of A's 
at W =  33 GeV have been presented in previous pub- 
lications [1, 2]. In this paper we present cross sec- 
tions for K ~ and A production at W= 14, 22 and 34 
GeV. The improved statistics at W=34  GeV allow a 
much more detailed study of K ~ and A production 
than was possible previously. These results are com- 
plementary to our results on K • and p, /~ pro- 
duction in e § e -  annihilation [3] and those from the 
TPC group at PEP [4]. Data  on high energy K ~ 
and A production have also been reported in [5, 6] 
and [7]. 

2. Analysis 

The experiment was performed at the e+e - storage 
ring P E T R A  using the TASSO detector. The analy- 

* The term K ~ will be used to refer to both K ~ and /~o and A 
to refer to both A and /l 
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Fig. la-f .  ~ + ~ -  and plc- (fi~+) effective mass distributions after 
the cuts to select the basic K ~ and A samples. The K ~ plots at 14, 
22 and 34 GeV are shown in a, b and e; the corresponding A 
plots in d, e and f 

sis procedures for selecting hadronic annihilation 
events have been described elsewhere E8]. A total of 
2,705, 1,889 and 20,832 hadronic events were used in 
this analysis at W= 14, 22 and 34 GeV. The 34 GeV 
data were taken between W= 30 and 36.7 GeV with 
an average value of 34.4 GeV. The cuts used to 
obtain the K ~ and A samples are essentially as de- 
scribed in Refs. 1 and 2; they do not use any particle 
identification and as a result for the A's we imposed 
a minimum momentum cut of 1 GeV/c to obtain a 
satisfactory signal to background ratio. The in- 
variant mass of all 7~+~z - and pro- (pro +) combi- 
nations satisfying these cuts is shown in Fig. 1 for 
the three c.m. energies. The K ~ and A mass distri- 
butions integrated over all momenta  have standard 
deviations of 18 MeV and 7 MeV respectively. The 
numbers of K~ - candidates in the range 0.45 
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ffig. 2. The p~ ~ + )  mass spectrum at W=34 GeV obtained 
using the time of flight counters to identify low momentum pro- 
tons and antiprotons 

to 0.55 GeV satisfying the cuts were 200, 145 and 
1,708 over backgrounds of 50, 62 and 729 at W= 14, 
22 and 34 GeV. The corresponding numbers of 
A ~ p ~ -  (or A ~ f r c  +) candidates in the range 1.10 to 
1.13 GeV were 28, 38 and 385 over backgrounds of 
19, 15 and 285. Approximately equal numbers of A's 
and A's were observed; the numbers of A's were 12, 
22 and 196 at the three energies compared with 16, 
16 and 189 for / l ' s .  

The A cross section below 1 GeV/c was obtained 
in the following way. Information from the Inner 
Time of Flight counters [3] was used to enhance the 
fraction of low momentum protons and antiprotons, 
and extend the A momentum range down to 0.6 
GeV/c. A track was accepted as a proton provided 
that the measured time was within 3 standard de- 
viations of that expected for a proton. It was not 
accepted if the time was within 0.5 standard de- 
viations of that expected for a kaon or within one 
standard deviation of that expected for a pion. Fig- 
ure 2 shows the p ~ -  (fi~+) invariant mass combi- 
nations with momenta  between 0.6 and 1.5 GeV/c 
obtained using the time of flight information. In the 
mass range from 1.10 to 1.13 GeV there are 60 A's 
over a background of 21. 

The efficiency for a K ~ or A to be found by the 
pattern recognition programs and to survive the cuts 
was estimated by a Monte  Carlo program which 
simulated hits in the tracking chambers as well as 
decays, nuclear absorption and scattering. The simu- 
lated events were then subjected to the same chain 
of analysis programs as the real data. The efficiency 
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Fig. 3. The efficiency as a function of momentum for detecting the 
decays K ~  - and A~p~ (A~i~z +) at W=34 GeV 

calculations include the effects of initial state ra- 
diation. The efficiency for detection of K~ - 
and A~prc- at W = 3 4  GeV by the first method 
described above is shown in Fig. 3. In addition the 
data were corrected for unseen decay channels and 
for K ~ production. 

To calculate the A cross section between 0.6 and 
1.0 GeV/c, where the time of flight counters were 
used, Monte Carlo simulation was used to obtain 
the relative efficiency in the ranges 0.6-1.0 GeV/c 
and 1.0-1.5 GeV/c. The overall efficiency was then 
obtained by setting the cross section from this sec- 
ond method between 1.0 and 1.5 GeV/c equal to 
that obtained by the first method. 

The systematic error on the cross sections arises 
from uncertainties in the efficiency of the track find- 
ing, the effects of absorption in the detector ma- 
terials, the estimation of background, the effects of 
the cuts and the value of the total cross section [8]. 
These uncertainties have been estimated by making 
detailed studies of the drift chamber and track find- 
ing efficiencies, by repeating the efficiency calcu- 
lations using different Monte Carlo programs and 
by varying the cuts. We estimate that the overall 
normalization error on the cross sections presented 
below is 1 5 ~  for K~ and 20% for A's. Approxi- 
mately half of this error is independent of W. 

3. Differential Cross Sections 

Figure 4 and Table 1 show the scaled cross sections 
s/flda/dx for K ~ and A production at W=14,  22 
and 34 GeV, where s= W 2, fi =p/E and x =2E/W; p 
is the particle's momentum and E its energy. The 
corresponding differential cross sections d a/dp are 
given in Table 2. The data are in agreement with our 
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K o,/~0 and A, .3 production at W=14,  22 and 34 GeV 

previous measurements at 33 GeV [1, 2], with K ~ 
results from JADE [5] and PLUTO [6] and with A 
results from JADE [7]. The K ~ data show scaling 
violation for x>0.2.  In this range the 14 GeV data 
lie systematically above the high energy data, the K ~ 
scaled cross section being reduced by 49 + 7 + 5 % on 
average from W= 14 GeV to W= 34 GeV. Given the 
larger errors on the A cross sections it is not possi- 
ble to draw a definite conclusion on scaling for A 
production. The data for x>0 .2  show a 3 4 + 1 9 + 6 ~ o  
reduction in the scaled cross section between W= 14 
and W=34 GeV. These results can be compared 
with the scaling violations observed in charged par- 
ticle production [5, 9, 10] where there is a ~ 2 0 %  
reduction in the scaled cross section over the same 
kinematic range. 

Figure 5 shows the scaled cross section s/fida/dx 
for K~ and A's at W= 34 GeV together with results 

on z -+, K -+, p(/7) and S - ( S  =)  production measured 
in this experiment [3, 113. All particle species show 
approximately the same x dependence suggesting a 
similar production mechanism for all strange and 
non-strange hadrons. The K ~ data lie systematically 
below the K -+ data by ~25 ~o which is outside the 
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Table 1. The scaled cross section s//3da/dx @b. GeV z) for K ~ I( ~ and A, At production at W=14, 22 and 34 GeV 

a K ~ g o  

31 

W= 14 GeV W=22 GeV W=34 GeV 

x s/fi d r x x s/fl d a/d x x s/fl d ~r/d x 

0.07-0.10 3.16+2.68 
0.10-0.15 2.10-+0.63 
0.15-0.20 1.61 -+0.31 
0.20-0.25 1.17 -+ 0.22 
0.25-0.30 0.98-+0.17 
0.30-0.35 0.44-+ 0.12 
0.35-0.40 0.29 _+ 0.09 
0.40-0.50 0.24 __+ 0.06 
0.50-0.60 0.07 +__0.04 

0.05-0.10 4.26_+1.18 
0.10-0.15 2.27_+0.41 
0.15-0.20 1.04_+0.51 
0.20-0.30 0.51 _+0.14 
0.30-0.40 0.29 _+0.10 
0.40-0.50 0.05 _+ 0.07 

0.03-0.04 
0.04-0.06 
0.06-0.08 
0.08-0.10 
0.10-0.12 
0.12-0.14 
0.14-0.16 
0.16-0.18 
0.18-0.20 
0.20-0.25 
0.25-0.30 
0.30-0.40 
0.40 0.50 
0.50-0.60 
0.60-1.00 

6.41 -+2.33 
6.79 -+0.77 
3.34 -+0.35 
2.63 • 0.24 
2.08 • 
1.54 +0.15 
1.59 +0.15 
1.35 -+0.15 
0,91 +0.12 
0.63 -+ 0.07 
0.39 -+0.06 
0.30 -+0.04 
0.14 -+0.04 
0.068 +_ 0.040 
0.038 -+ 0.037 

b A,.4 

W= 14 GeV W= 22 GeV W= 34 GeV 

x sift d a/d x x sift d ~r/d x x s/fi d a/d x 

0.22-0.30 0.21 -+0.07 0.14-0.20 0.42 +0.17 
0.30-0.40 0.089-+ 0.032 0.20-0.30 0.22 -+ 0.05 
0.40-0.60 0.018 -+ 0.012 0.30-0.40 0.062 -+ 0.033 

0.40-0.60 0.014 -+ 0.013 

0.075-0.09 1.84 +0.72 
0.09-0.11 0.82 +0.19 
0.1l-0.15 0.56 +0.07 
0.15-0.20 0.34 +_0.04 
0.20-0.30 0.14 _+0.02 
0.30-0.40 0.060 • 0.018 
0.40-0.60 0.032 -+ 0.015 

sys temat ic  errors  of the two measurements .  N o  ex- 
pe r imen ta l  effect has been found to expla in  this dif- 
ference. W e  have checked  that  consis tent  results are 
ob ta ined  for K~  tha t  decay  before and after the 
b e a m  p ipe  and  have r epea ted  the  analysis  of low 
m o m e n t u m  ( < 1  GeV/c)  da t a  wi thou t  any cuts. 
Smal l  differences could  poss ib ly  resul t  f rom c h a r m  
decays,  q5 meson  decays  and the p r e d o m i n a n c e  of 
leading  u quarks  over  lead ing  d quarks ,  however  all 
these effects are inc luded  in our  M o n t e  Car lo  pro-  
g rams  which p red ic t  a lmos t  equal  numbers  of K -+ 
and K ~ 

Assuming  tha t  the  f r agmen ta t ion  of quarks  into 
had rons  proceeds  via the  p roduc t i on  of  quark -an t i -  
qua rk  and  d i q u a r k - a n t i q u a r k  pai rs  one can use these 
par t ic le  spec t ra  to es t imate  the  re la t ive  p r o p o r t i o n s  
of s t range and  non-s t r ange  quarks  and d iquarks  in 
the  f r agmen ta t ion  process.  

After  ad ju s tmen t  of  f r agmen ta t ion  pa rame te r s  
the  L u n d  M o n t e  Car lo  p r o g r a m  [12, 13] provides  a 
r easonab le  descr ip t ion  of the overal l  features of had-  
ron  p roduc t i on  in e + e  - ann ih i l a t ion  such as the 

charged  par t ic le  mul t ip l ic i ty  and x d is t r ibut ions .  In  
this p rogram,  the relat ive amoun t s  of pion,  kaon,  
p ro ton ,  l a m b d a  and  cascade p r o d u c t i o n  are  p r imar i ly  
con t ro l l ed  by three pa ramete r s ;  the ra t io  of  s t range 
quarks  to non-s t r ange  quarks ,  P ( s ) / P ( u ) ( = P ( s ) / P ( d ) ) ,  

the ra t io  of d iqua rk  pa i r  to qua rk  pa i r  p roduc t i on  
P(q  q)/P(q),  and  the extra  suppress ion  of  s t rangeness  
in d iqua rk  pai rs  

P ( u s ) / P ( u d )  
d -  

P ( s ) /P (d )  

F r o m  the ra t io  of the p r o t o n  to p ion  cross sect ions 
we ob ta in  P (q q ) /P  (q) = 0.10 • 0.01 independen t  of  the 
value of the o ther  two parameters .  F ix ing  P ( q q ) / P ( q )  

=0.10  the ra t io  of  the K ~ to p ion  cross sect ions 
yields P (s) /P (u) = 0.35 _+ 0.02 + 0.05" i ndependen t  of 
the value  of d. This  resul t  can be c o m p a r e d  with the 
value of 0.27_+0.03_+0.05 ob t a ined  by J A D E  [5]. 
Wi th  P (q q ) /P  (q) = 0.10 and P (s)/P (u) = 0.35 the ra t io  

* Using our previous K • measurements we would obtain 
P (s)/P (u) = 0.58 • 0.04 ! 0.07 
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Table 2. The differential cross section d~r/dp (nb/GeV/c) for K ~ and A, A production at W= 14, 22 and 34 GeV 

a K ~ j~o 

W= 14 GeV W= 22 GeV W= 34 GeV 

p da/dp p d~r/dp p da/dp 

0.00-0.50 0.88 -+0.65 0.00-0.50 0.21 -+0.33 
0.50-0.75 0.84 +_0.42 0.50- 1.00 0.51 -+0.13 
0.75-1.00 1.02 -+0.27 1.00- 1.20 0.46 +_0.13 
1.00-1.20 0.92 -+0.27 1.20- 1.40 0.31 -+0.11 
1.20-1.40 0.93 -+0.22 1.40-1.60 0.33 -+0.09 
1.40-1.60 0.66 +_0.19 1.60- 1.80 0.22 -t-0.08 
1.60-1.80 0.70 -+0.15 1.80- 2.00 0.16 -+0.07 
1.80-2.00 0.56 -+0.14 2.00- 2.50 0.095 • 
2.00-2.50 0.33 • 2.50- 3.00 0.081 -+0.038 
2.50-3.00 0.19 -+0.05 3.00- 4.00 0.077-+ 0.021 
3.00-4.00 0.10 -+0.03 4.00- 6 . 0 0  0.014-+0.009 
4.00-7.00 0.005 -+ 0.005 6.00-11.00 0.000 -+ 0.005 

0.00- 0.25 0.044 __+0.023 
0.25- 0.50 0.123 +0.037 
0.50- 0.75 0.205 -+0.038 
0.75- 1.00 0.170 -+0.022 
1.00- 1.20 0.135 -+0.020 
1.20- 1.40 0.131 -+0.016 
1.40- 1.60 0.119 -+0.013 
1.60- 1.80 0.091 -+0.012 
1.80- 2.00 0.095 +0.012 
2.00- 2.50 0.074 +__0.006 
2.50- 3.00 0.066 -+0.006 
3.00- 3.50 0.046 • 
3.50- 4.00 0.028 -+0.004 
4.00- 5.00 0.022 -+0.003 
5.00- 6.00 0.018 -+0.003 
6.00- 7.00 0.013 -+0.003 
7.00- 8.00 0.0077 -+0.0028 
8.00-10.00 0.0028 __ 0.0021 

10.00-12.00 0.0015 • 
12.00 17.00 0.0023 -+0.0023 

bA, A 

W= 14 GeV W= 22 GeV W= 34 GeV 

p da/dp p d~r/dp p da/dp 

1.0-2.0 0.089 • 0.034 1.0-2.0 0.052 • 0.014 
2.0-4.0 0.021 -+ 0.008 2.0-3.0 0.032 _+ 0.010 

3.0-5.0 0.010 -+ 0.004 

0.6- 1.0 0.033 +0.013 
1.0- 1.5 0.025 -+0.006 
1.5- 2.0 0.022 -+0.004 
2.0- 3.0 0.017 -+0.002 
3.0- 4.0 0.0081 +_0.0015 
4.0- 5.0 0.0061 +0.0012 
5.0- 7.0 0.0031 __0.0009 
7.0-10.0 0.0017 _+0.0008 

of the lambda to proton cross sections gives d =0.26 
+_0.07, in agreement with that obtained from the 
ratio of cascade to proton cross sections d=0.32 
__+0.13. The curves on Fig. 5 show the predictions of 
the Lund Monte  Carlo using P(qq)/P(q)=O.lO, 
P(s)/P(u) = 0.35 and d = 0.32. 

4. Integrated Cross Sections 

The total inclusive cross sections relative to ouu 
= 47z c~2/3 s 

a(e + e -  ~ h X )  + o(e + e-  ~ h X )  
e h -- 

where h = K  ~ or A, were obtained by integrating the 
differential cross sections. In the K ~ case the cross 

section was measured over the full momentum 
range. In the A case unmeasured contributions from 
the low momentum (p<l .0 ,  1.0, 0.6 GeV/c at W 
= 14, 22, 34 GeV) and very high momentum (p > 4.0, 
5.0, 10.0 GeV/c) regions have been estimated using 
the Lund Monte Carlo. The unmeasured contri- 
bution amounts to 43 ~o, 35 ~o and 14~o at W=14,  
22 and 34 GeV. The systematic error o n  R h in- 
cludes a contribution due to the uncertainty in this 
estimation. The R h values are given in Table 3 and 
plotted in Fig. 6 along with low energy data from 
P L U T O  1-14], SLAC-LBL [15, 16] and DASP [17, 
18] and high energy data from JADE [5] and this 
experiment [3]. The higher mass particles show a 
somewhat steeper rise of R h with increasing W. The 
multiplicity of each particle species at W=14,  22 
and 34 GeV as measured in this experiment is given 
in Table 4. In this table the numbers include all 
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Table 3. The total cross section for K ~ /~o and A, A production 

Rh a(e+e ---,hX)+a(e+e --,hX).. The first error is statistical the 

second systematic 

W (GeV) RKo R~ 

14 4.59 _+ 0.40 _+ 0,69 0.53 _+ 0.14 _+ 0.12 
22 4.66_+ 0.53 _+ 0.70 0.89 _+ 0.18 _+ 0.19 
34 5.92 _+ 0.20 _+ 0.89 1.26 _+ 0.11 _+ 0.25 

Table 4. Particle multiplicity per event measured by TASSO 

W = 1 4 G e V  W=22 GeV W=34 GeV 

~z -+ 7.2 _+0.6 8.8 _+1.0 10.3 _+0.4 
K • 1.2 _+0.14 1.5 _+0.2 2.0 +_0.2 
K ~  ~ 1.15_+0.10 1.17_+0.13 1.48 _+0.05 
po _ 0.73 _+0.06 
p,/7 0.42_+0.06 0.62_+0.06 0.80 _+0.10 
A,A 0.13_+0.04 0.22_+0.05 0.31 _+0.03 

~ -  ~ -  - 0.026+0.008 

decay products from particles with lifetimes less than 
3.10-1~ For example the number of pions includes 
those from p, K ~ A decay etc. 

5. Lambda  Polarizat ion 

The weak decay of the A enables a measurement to 
be made of its polarization from the decay asym- 

metry with respect to some axis. We first discuss this 
on the assumption that the annihilation process is 
purely a first order parity conserving e.m. process. 

For the longitudinal polarization the A direction 
in the laboratory system was the chosen axis and the 
forward backward asymmetry of the decay proton in 
the A rest frame was measured. The asymmetry is 
defined as 

N,--Nb AL-N,+Nb 
where NI(Nb) are the number of A's with the decay 
proton in the forward (backward) hemisphere de- 
fined by the A direction in the laboratory. After 
correction for losses due to the A selection pro- 
cedure, this asymmetry is related to the longitudinal 
polarization PL by 

2 
PL=~AL 

where ~=0.642 is the A decay parameter. Parity 
conservation in the production process demands 
that primary particles show no longitudinal polar- 
ization and therefore any such A polarization must 
result from the A's being decay products of weakly 
decaying heavier states such as A c etc. CP con- 
servation in such a decay demands that A's and A's 
should show opposite polarization. The same con- 
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siderations require that the resulting asymmetry from 
A and A decays of opposite longitudinal polariza- 
tion must be the same. The decay asymmetry is 
shown in Fig. 7 a for A a n d / l  together as a function 
of momentum. Within errors no significant, asym- 
metry or trend with momentum is observed and 
hence there is no evidence for any longitudinal po- 
larization of the A's. In the region from 2 to 5 
GeV/c where the A signal is cleanest, the average 
asymmetry is +0.02+_0.10 and we obtain longitu- 
dinal polarization values of -0 .12+0 .44  for the A's 
and -0.19+_0.45 for the A's. 

Measurement of a longitudinal A polarization 
has been proposed as a method for measuring the 
polarization of the primary quarks resulting from Z ~ 
exchange and 7 - Z  ~ interference [19, 20]. As the 
c,m. energy approaches the Z ~ mass this becomes 
large even with unpolarised incident beams and such 
a measurement would provide a valuable test of the 
standard model. However, at our energy the values 
predicted by the standard model for both Q = +2/3 
and Q = - 1 / 3  quarks, integrated over all production 
angles is less than 0.1. The resultant A polarization 
depends upon the details of the fragmentation pro- 
cess but will be even less. Consequently with our 
present statistics at this energy we are insensitive to 
such effects. 

A transverse polarization of the primary particles 
conserves parity in the annihilation process. For  the 
A's this was searched for by examination of the 
angular distribution of the decay proton in the A 
rest frame with respect to the normal to the A 

production plane. We define 

COS0T_ p.(e + x A) 
IPLle+ •  

where p is the momentum of the p~)  in the A(A) 
rest frame, e + is the momentum of the e + beam in 
the laboratory and A is the momentum of the A(A) 
in the laboratory. 

The asymmetry is defined by 

>4_ Nup- Ndown 
Nup+Ndown 

where Nup and Ndown are the number of decays with 
0.0<COSOT< 1.0 and - 1.0<COSOT<0.0 respective- 
ly. After efficiency corrections this is related to the 
transverse A polarization by 

2 
PT =mAT �9 

With the above definitions C conservation and the 
forward-backward symmetry of the lowest order an- 
nihilation process require that the asymmetry will be 
the same for A and A at a particular production 
angle. Hence, again, A and A were combined to 
search for any possible asymmetry. This asymmetry 
is plotted against momentum in Fig. 7b. No evi- 
dence for any non-zero value is observed. Between 2 
and 5 GeV/c the average asymmetry is 0.07+_0.08 
and we obtain a value for the transverse polarization 
of A's of -0 .33+0 .33  and for A's of +0.31+_0.32. 

6. K ~ and A Production in Jets 

We have investigated the production of K~ and A's 
in jets produced in e+e - annihilation at 14/=34 
GeV. We first analyse all events as two jet events. 
Figure 8a shows the production cross sections for 
K~ and A's normalized to the total cross section as 

1 E+IPLI 
a function of the folded rapidity y = ~ l n ~ _ l p L i  , 

where PL is the momentum component parallel to 
the thrust axis of the event. Also plotted is the same 
distribution for all charged particles assuming them 
to be pions. The data are corrected for acceptance, 
efficiency and initial state radiation. The distribution 
for K~ has a similar plateau to that for the charged 
particles. The shape of the plateau region in the A 
case is harder to establish since there is no reliable 
data for y <0.5 due to the difficulty of reconstructing 
very low momentum A's. In Fig. 8b we show the 
same distributions plotted as a function of Y--Ymax 
where Ymax is the maximum possible rapidity given 
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by yma~ln(W/M) and M is the particle mass. For y 
- y , ~ , ~ > - 2 . 0  the K ~ and the charged particle data 
lie on the same curve. The A data however fall 
below this curve. 

In Fig. 9 we show the corrected do-/dp~ distri- 
butions for K~ A's and all charged particles at W 
=34 GeV, where Pr is the momentum component 
transverse to the sphericity axis of the event. At low 
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Fig. 9. The differential cross section for K ~ A, A and charged 
particle production normalized to the total hadronic cross section 
as a function of p2r. The insert shows the region p2r<0.5 in more 
detail 

p2 (< 0.5 (GeV/c) 2) the K ~ and A distributions can be 
described by Ae (-p~'/2~2) with a=0.31__0.01 GeV/c 
for K~ and o-=0.38_+0.04 GeV/c for A's. For 
charged particles the distribution rises sharply for 
very low p~ values. This probably reflects the fact 
that most of these particles are pions from the decay 
of heavier particles where the p2 of the parent is 
shared between several decay products. In contrast a 
large proportion of the K~ and A's are expected to 
be directly produced in the fragmentation process. 

All three distributions show a long tail at high 
p2 as expected from QCD. This indicates that K~ 
and A's are produced both in two and three jet 
events. 

We compared the yield of K~ and A's in two 
and three jet events in the following manner. The 
method of generalized sphericity [21] was used to 
resolve each event into three separate jets and to 
find the three jet axes. From the angles between the 
three jets the fractional energies x i of the jets were 
calculated assuming massless partons and demand- 
ing that ~ x i = 2 .  Events were considered as three jet 
events if all the jets in the event had xi<0.9 and 

IPjI > 1.5 GeV/c where pj are the momenta of the 
charged tracks in the jet. In order to suppress events 
with initial state hard photon radiation the angle 
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between the normal to the event plane and the beam 
axis was required to be less than 70 ~ . A total of 
1,402 events at W=34 GeV passed these criteria. 
The K~ and A's were then associated with the jet 
whose axis was closest to the K~ momentum vec- 
tor. Figures 10a and b show the observed K ~ and A 
yields per jet as a function of jet energy, where the 
jet energy is given by the fractional energy, xi, times 
the beam energy. Also plotted are the observed K ~ 
and A yields per jet in two jet events at W= 14, 22 
and 34 GeV. In this case all events were treated as 
two jet events and the jet energy was assumed to be 
the beam energy. The efficiency for finding K~ and 
A's at a given jet energy was found to be the same 
within 20 % independent of whether the jet was from 
a two or three jet event. If there were a large in- 
crease in the K ~ or A yield in jets associated with 
gluons one would expect an increased yield in the 
three jet events particularly for the lower jet energy. 
To illustrate this we generated Monte Carlo events 
in which we varied the relative amount, f, of K ~ and 
A production in the gluon jet to that in the quark 
jet. Predictions for the observed K ~ and A yields in 

the three jet events for f = 0 ,  1, 2 and 3 are shown in 
Fig. 10. 

We note that on the T resonance which dom- 
inantly decays to three gluons, there is a threefold 
increase in the A/K ratio over the adjacent qq con- 
tinuum [22]. Whilst our results shown in Fig. 10 are 
consistent with this the large errors on our three jet 
data points prevent us drawing any definite con- 
clusions. 

7. A Correlations 

We looked for correlations between the A(/I) and 
other particles in the event which compensated 
either the baryon number or strangeness of the A(A). 
A sample of 246 A or A candidates above a back- 
ground of 73 was obtained by demanding that the A 
or /1 decayed at least 10cm from the interaction 
point. Using somewhat wider cuts we then searched 
for a second A or /1 in the same events. We ob- 
tained 10 events with both a A and a /t  with an 
estimated background of 1.6+_0.5 events and two 
events with two A's with an estimated background 
of 1.6+_0.5 events. After correcting for efficiency, 
acceptance and the unseen A(A) decay channels we 
obtained 

a(Afi_+X) 0.13 +0.07 
(A + X) + o-(/1 + X) = 0.22 _ + 0.10 (stat) _ 0.05 (syst) 

where a(AA+X) is the inclusive cross section for 
producting a pair of baryons yielding A and/1,  both 
lying in the momentum range 1-7 GeV/c, and o-(A 
+X),  a ( A + X )  are the inclusive cross sections for 
productin_g baryons yielding A and fi~ respectively, 
the A or A lying in the momentum range 1-7 GeV/c. 
Thus ~ 4 0 %  of all baryons yielding A or A in 
the momentum range 1-7 GeV/c have both strange- 
ness and baryon number compensated by a baryon 
yielding a /[ or A in that momentum range. The 
rapidity difference for the 10 AA pairs is shown in 
Fig. l l a .  Of these 10 pairs, 1.6 are estimated to be 
background (i.e. containing two false or one false 
and one true A or A) and 1.3 are estimated to be 
true AA pairs but coming from a false association of 
A, A from different baryon antibaryon pairs. 

Using protons with p<1 .4  GeV/c identified by 
time of flight we obtained 39 events with a A plus a 
/7 (or A +p )  and 17 events with a A plus a p (or /1 
+/7). The rapidity difference for these pairs is shown 
in Fig. l lb.  If we assume that the pairs with the 
same baryon number measure the uncorrelated 
background then the difference shown in Fig. l l c  
measures the rapidity difference when the baryon 
number of a A or A is compensated by a/7 or p. 
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8. Conclusions 

We have measured differential and total cross sec- 
tions for K ~ and A production at W= 14, 22 and 34 
GeV. The K ~ data show some scale breaking. The 
total yield per event at the three W values was 
found to be 1.15+_0.10, 1.17+0.13 and 1.48+0.05 for 
K~ and 0.134-0.04, 0.224-0.05 and 0.31_+0.03 for 
A's. Comparisons of the K ~ and A data with results 

on ~-+, K -+, p(/7) and E - ( E - )  production show a 
similar shape for the differential cross sections but a 
somewhat steeper increase in the total cross section 
with W for the higher mass particles. From the K ~ 
data we obtain a value for the probability to pro- 
duce strange quark-antiquark pairs relative to that 
to produce up or down quark-antiquark pairs dur- 
ing the fragmentation process of 0.35_+0.02_+0.05. 
There is no evidence for A polarization in our data. 
We have measured per distributions with respect to 
the jet axis for both K~ and A's and find that in 
the small per region both are well described by 
Ae (-p~/2'~I with a=0.31 +_0.01 GeV/c for K~ and a 

=0.38+_0.04 GeV/c for A's. The comparable distri- 
bution for all charged particles shows a steeper rise 
at low pZ r and does not follow this simple form. At 
large per there is a large tail in all three cases. 

Apart from differences in rate, all the data are 
consistent w i th  similar production mechanisms for 
strange and non-strange mesons and strange and 
non-strange baryons. 
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