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Abstract. The full TASSO data have been used to study 
the inclusive production of strange mesons in e § e - anni- 
hilations. Differential and total cross sections have been 
measured in the centre of mass energy range 14 to 
44 GeV for K ~ K ~ and 34.5 to 44 GeV for K* • (892). 
We have investigated the strange meson production 
properties in jets by studying the rapidity and pt z distri- 
butions as well as the evolution of the multiplicities as 
a function of the event sphericity. We find no evidence 
that the strange meson yields increase with increasing 
sphericity faster than the total charged multiplicity. 

F Introduction 

Hadron production in e § e-annihi lat ion is understood 
as the result of the production and subsequent decay 
of a quark-antiquark pair. This decay is a two step pro- 
cess. In the first step, the primary q ~ pair radiates colour 
and energy, giving rise to a parton cascade. In the second 
step, which takes place when these quanta have reached 
masses below a certain cut-off, the radiated quarks and 
gluons condense into colourless hadrons. It is generally 
accepted that these two processes can be described by 
QCD, however in two very different regimes [-1, 2]. 
While the parton cascade development is of a perturba- 
tive nature, the way quarks and gtuons metamorphose 
themselves into hadrons is clearly non-perturbative. 
Thus, while the former is calculable, the latter can at 
best be modelled. 

Measurements of inclusive particle production cross- 
sections as a function of their quark and spin configura- 
tions are considered to provide insight into our under- 
standing of the fragmentation process. In this context, 
the aim of the present paper is twofold [3]. On one 
hand we extend previous measurements on K~176 pro- 
duction characteristics at 14, 22 and 34 GeV [4] up to 
centre of mass energies of 46.7 GeV. On the other hand 
we also present data on K* • production through its 
decay mode K ~ ~ • where the K ~ is identified by its weak 
rc + re- decay. Data  on strange baryon production have 
been published separately [5]. 

2 K ~ Analysis 

2.1 Experimental details 

The experiment was performed at the e § e -  storage ring 
PETRA. The data sample used for this analysis corre- 
sponds to an integrated luminosity of 198.4 pb-~.  The 
luminosity was determined by measuring small and wide 
angle Bhabha scattering. The systematic error affecting 
the luminosity determination is 3%. The data was col- 

lected with the TASSO detector at c.m. energies ]/~ 
= 14.8, 21.5, 34.5, 35 and 42.6 GeV. The characteristics 
of each subset are shown in Table 1. The first three sam- 
ples were taken with the early TASSO configuration [6], 
in which the central detector consisted of a central pro- 

Table 1. Characteristics of the event samples used in this analysis 

Sample (l/s)2__ Events A ~ K ~ Background 
(GeV) (nb- 1) candidates 

1 14.8 2921 1757 396 39 
2 21.5 1921 2872 292 55 
3 34.5 22725 78178  3426 289 
4 35.0 31339 111203 4766 175 
5 42.6 8447 4 403 1262 90 

portional chamber (CPC) surrounded by a large drift 
chamber (CDC). Tracks were reconstructed from the hits 
in these two chambers using a track finder known as 
MILL [7]. The remaining two samples were taken after 
the installation of a vertex detector (VXD) [8]. To make 
use of the VXD information, we employed a track finder 
known as PASS5 [9]. This extrapolated each MILL 
track into the VXD and attempted to associate VXD 
hits with it. In order to ensure that tracks were reliably 
reconstructed in the VXD, PASS5 tracks were only re- 
tained if they have hits assigned to them in at least four 
of the eight layers of the VXD. For  the purpose of the 
current analysis, if PASS5 failed to extend a particular 
MILL track into the VXD, then we just used the MILL 
track for the analysis instead. 

The analysis procedures for selecting hadronic anni- 
hilation events have been described elsewhere [10]. In 
particular, the e § e -  interaction point, to which we will 
often refer as the primary vertex, was taken at the centre 
of the beam spot, as determined from tracks accumulated 
during several hours of running. For  details we refer 
the reader to [11]. 

To isolate the sample of charged particle track pairs 
from the long lived decays K ~ ~ n + ~c-, conditions were 
placed upon both individual charged particle tracks and 
upon track pairs. The individual track conditions were: 

i) the cosine of the production angle of the track relative 
to the beam is less than 0.87 in magnitude, ii) the momen- 
tum component in the plane perpendicular to the beam 
axis, the x - y  plane, is greater than 100 MeV/c, iii) do, 
defined to be the distance of the closest approach in 
the x - y  plane with respect to the primary vertex, is 
greater than 0.2 cm when the track had no vertex 
chamber hits, and greater than 0.i cm when it did, iv) 
the track passes within 20 cm of the intersection point 
in the z direction. 

The algorithm for finding vertices began with a sys- 
tematic pairing of all oppositely charged particle tracks. 
The two intersection points in the x - y plane were calcu- 
lated as candidate secondary vertices and each was sub- 
ject to the following criteria: i) The tracks must have 
no vertex drift-chamber hits between the primary and 
the secondary vertices or missing hits after the secondary. 
ii) The angle between the particle's momentum direction 
and the line connecting the primary and secondary ver- 
tices is less than 15 ~ iii) The reconstructed impact pa- 
rameter of the K ~ at the primary vertex must be less 
than 0.5 cm. iv) The invariant mass considering the two 
tracks to be electrons is required to be greater than 
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100 MeV/c 2. v) The distance in the x - y  plane from pri- 
mary  to secondary vertex is greater than 0.5 cm. 

For  all candidates a 3-dimensional vertex fit was per- 
formed [12]. The resulting rc + ~ -  invariant mass distri- 
butions are shown in Fig. 1. The K ~ mass distributions 
integrated over all momen ta  have standard deviations 
of 18 and 12 MeV/c 2 for the pre and post VXD data 
respectively. The number  of K ~ -* rc + lr- candidates in 
the mass range 0.478 to 0.518 GeV/c 2 for combinations 
with a momen tum lower than 2 GeV/c, or in the range 
0.468 to 0.528 GeV/c 2 if it is greater than 2 GeV/c, are 
given in Table 1. The background shape in each case 
was obtained using pion pairs from the mass intervals 
0.430 to 0.450 GeV/c 2 and 0.550 to 0.570 GeV/c 2. The 
acceptance corrections and the detection efficiencies were 
calculated from a complete parallel analysis using Monte  
Carlo techniques with full detector simulation [13]. The 
resulting efficiency curves at 35 GeV are shown in Fig. 2 
for both  samples i.e. with and without vertex detector. 
For  completeness we also show the efficiency curve ob- 
tained in our previous publication [4] prior to the instal- 
lation of the VXD and where no use was made of the 

4 0 . 0  

30,0 / ~ - - ~  
, / s = 3 5  GeV 

~ !/"' "~ ra~ ~ ~ ''~ ~ 20.010.0 / /" ~ / /  . . . . . . . . . . . . . . . . . . .  '-.., , ............................ �9 - 
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Fig. 2. The K ~ reconstruction efficiency as a function of m o m e n t u m  

at ] / ~ = 3 5  GeV. The dashed line corresponds to the old TASSO 
configuration without  VXD, no three dimensional vertex fit. The 
dotted line illustrates the improvement  due to including a three 
dimensional vertex fitting. The solid line shows the gain obtained 
with both  V X D  and three dimensional vertex fitting. The error 
bars illustrate the uncertainty in the determination of the detection 
efficiency at three particular m o m e n t u m  regions 
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Fig. 3. The scaled cross section (s/fi)da/dxE at ~ =  14.8, 21.5, 34.5, 
35 and 42.6 GeV for K ~ 

Table 2a, b. Scaled cross section, (s/fl)da/dxE for K ~ production 
at various c.m. energies in ~tb.GeV 2. The errors quoted are the 
quadratic sum of the statistical and systematic errors 
a 

x~ (s/fl) d aid x~ 

~=42 .6  GeV ~ = 3 5  GeV ~=34 .5  GeV 

0.02~104 6.22 _+1.08 6.33 +-0.60 6.32 +1.40 
0.04~0.06 4.14 +-0.48 4.13 _+0.35 6.00 +0.95 
0.06-0.08 3.48 +-0.32 3.31 _+0.24 3.57 +0.35 
0.0843.10 2.72 +-0.27 2.76 _+0.19 2.68 +_0.29 
0.10~3.12 1.84 +-0.22 1.94 +-0.14 1.95 +0.17 
0.1243.14 1.18 +0.19 2.02 +_0.24 1.37 +0.14 
0.1443.16 1.16 +-0.21 1.49 +-0.19 1.46 _.0.24 
0.1643.18 1.48 +_0.35 1.53 __0.15 1.53 +-0.18 
0.18-0.20 1.06 +_0.20 0.94 +_0.16 1.03 +0.13 
0.2043.25 0.72 +0.14 0.86 +0.07 0.79 _+0.08 
0.25-0.30 0.55 +0.21 0.61 _+0.07 0.48 _+0.06 
0.304).40 0.32 +_0.08 0.35 _+0.04 0.31 _+0.04 
0.4043.50 0.19 +0.09 0.16 _+0.04 0.16 +-0.04 
0.50-0.60 0.079_+0.056 0.106_+0.034 0.095_+0.013 
0.60-1.00 0.016+_0.041 0.010_+0.003 0.012-+0.010 

3-dimensional vertex fitting. Notice that our overall effi- 
ciency has improved by approximately a factor 2. 

Radiative corrections were taken into account on a 
bin by bin basis following standard Monte  Carlo proce- 
dures. To this purpose the Berends-Kleiss [14] generator 
for initial state radiation was implemented in the Monte  
Carlo programs mentioned above. 

In order to estimate systematic errors affecting the 
cross section determinations, two different Monte  Carlo 
generators were used, namely the independent jet frag- 
mentat ion (Hoyer) [15] and the string type (Lund) [16]. 
The results are included in the systematic errors that 
we will quote later on. Notice that compared to our 
previous analysis [4] we have been able to reduce the 
systematic errors by approximately a factor of 2. This 
is mainly due to our much improved efficiency, and to 
a less extent to a better understanding of the detector 
as well as to higher statistics. 

The separation of signal and background events was 
performed by weighting according to the formula [17] 

s(x) N~ 
w(X)=s(x)+ A.  b(x) with A----Ns, (1) 

where s(x) and b(x) are the expected (normalized) distri- 
butions for the signal and background (calculated by 
Monte  Carlo methods), and Ns and NB are the event 
numbers. To be sensitive to the systematic error of the 
signal-background separation, we used as x variable the 

momen tum and the fractional energy x~ = 2E/]Ss of the 
candidates. 

2.2 Differential cross sections 

Figure 3 and Table 2 show the scaled differential cross 
sections (s/fl)(da/dxE) for the K ~ and R ~ The data are 

I /s= 14.8 GeV ]/s=21.5 GeV 

xE (sift) d aid xr x~ (sift) d aid xE 

0.07-0.10 3.05 +0.97 
0.1043.15 2.74 _+0.36 
0.15~).20 1.86 _+0.29 
0.204).25 0.94 +0.17 
0.25~.30 0.85 +_0.19 
0.30-0.35 0.41 +0.11 
0.35~).40 0.41 +-0.14 
0.40-0.50 0.16 _+0.05 
0.5043.60 0.101 +-0.052 

0.0543.10 3.94___0.59 
0.1043.15 2.25___0.34 
0.15-0.20 1.13___0.22 
0.2043.30 0.64_+0.12 
0.30~).40 0.29 +_ 0.08 
0.4043.50 0.11 -+0.05 

in agreement with our previous measurements [4, 18, 
19] and with results from the P E T R A  and PEP experi- 
ments JADE [20], P L U T O  [21] and CELLO [22], 
M A R K  II  [23], HRS [-24] and TPC [25]. The data show 
scaling violation effects, however the size is smaller than 
that previously published [4]. We attribute this effect 
to improvements  in the Vo finding algorithm and the 
detector simulation programs as well as to our increased 
statistics. In order to have a closer look at the scaling 
violation effects we plot in Fig. 4 the K ~ product ion 
cross-sections as a function of centre of mass energy for 
three intervals in x~. These data have been fitted to the 
expression [26] 

fl d x e - a  l + b l n  (2) 

where So is a reference scale set to 1 GeV 2. The parameter  
b is a measure of the scaling violating effects, the resulting 
values being - 0.090_+ 0.009, - 0.064_+ 0.027 and 
-0.018_+0.085, respectively, for the three intervals in 
x~ shown in Fig. 4. 
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for neutral kaon production 

In Fig. 5 the scaling cross section for the charged 

[27] and neutral kaons at [ / s = 3 5  GeV are shown to- 
gether with the Lund expectation. All comparisons made 
in this paper between Lund and data, have been made 
using JETSET version 6.3 with the matrix elements op- 
tion O(a~). The quark production probabilities P(qq)/ 

P(q), P(s)/P(u) and P(us)/P(ud) were set to 0.10, 0.35 
P(s)/P(d) 

and 0.32 respectively, which were determined in one of 
our previous publications [4]. For  x~>0.1 the charged 
and neutral kaon scaling cross sections are in agreement 
with each other and with the Lund expectation. For  x~ 
<0.1 the charged-kaon scaling cross section is bigger 
than that for the neutral kaons by a factor ~ 1.4 at xe 
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Table 3. K ~ multiplicity, RKo, and integrated K ~ cross section 

(I/s) (K ~ RKo aKo (pb) 

14.8 1.17_+0.09_+0.07 4.69_+0.36_+0.31 1861_+140_+122 
21.5 1.28_+0.11_+0.08 5.13+0.44__0.36 964_+ 82+ 68 
34.5 1.49_+0.04_+0.05 5.97+_0.17_+0.27 436-+ 12_+ 20 
35 1.48_+0.03_+0.03 5.93_+0.13_+0.21 421_+ 9_+ 15 
42.6 1.52-+0.05-+0.05 6.09_+0.21_+0.37 292_+ 10_+ 18 

~0.05 with the Lund prediction falling in between the 
two. 

2.3 Integrated cross sections and K ~ multiplicity 

The total inclusive cross sections were obtained by inte- 
grating the differential cross sections. The branching ra- 
tio of K ~  zc + ~-  was taken to be 34.3% [28]. Values 
for the total inclusive cross section relative to o-vt 
= 4 ~ c J / 3 s  defined as 

a(e+ e --+K~ e - --+R~ 
gKo = 

s 

are given in Table 3 for the five energies discussed so 
far, together with the K ~ multiplicities per hadronic 
event. The energy dependence of the K ~ cross sections 
is displayed in Fig. 6 along with a fit to the theoretical 
expectation [26] 

Very good agreement between data and predictions is 
observed. The resulting values for the two free parame- 

4 0 0 0 . 0  . . . .  , . . . .  , . . . .  , . . . .  , . . . .  

2 0 0 0 0  

3 0 0 0 . 0  

1 0 0 0 . 0  

0 . 0  , , ,  , i , , , ,  i , , , ,  i , , , ,  i ,  , , , 

1 0 . 0  2 0 . 0  3 0 . 0  4 0 . 0  5 0 . 0  6 0 . 0  

a ( e * e - ~ K ~ 1 7 6  

x/s  ( C e V )  

Fig. 6. K ~ production cross-section as a function of c.m. energy. 
The solid line represents the results of a fit discussed in the text 
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Fig, 7. K ~ multiplicity per hadronic event as a function of c.m. 
energy as measured by different experiments 

ters in the fit are a = 1.45 _+ 0.04 gb GeV 2 and b = 0.050 
4- 0.002. The number of K ~ per hadronic event as a func- 
tion of centre of mass energy are shown in Fig. 7, along 
with measurements by other experiments. They are also 
tabulated in Table 4. The logarithmic rise expected in 
QCD is observed, although other alternative functional 
dependences cannot be ruled out, because of the limited 
range in centre of mass energy. 

2.4 K ~ production in jets 

We have analyzed the K ~ production characteristics in 
the multiparticle final states originating from e + e -  anni- 
hilation in the centre of mass range 14 to 44 GeV. The 
kinematics for particles within jets are typically described 
using a transverse variable such as the p~, and a longitu- 
dinal variable such as the rapidity y. 

In this context, Fig. 8 shows the production cross 
section for K ~ as a function of the folded rapidity y 

1 , E+IpLI where PL is the momentum component 
-2 
parallel to the thrust axis of the event. The data displayed 
in Fig. 8 are compared to the expectations of the Lund 
Monte Carlo, and very good agreement is found. Each 
rapidity distribution exhibits a rather flat plateau, ex- 

tending from y = 0 approximately one unit of rapidity 
below the maximum value possible. Beyond this point 
the cross sections fall steeply. These distributions differ 
from those for all charged particles in two ways. First, 
the K ~ distributions are harder, in that the plateau ex- 
tends further in rapidity. Secondly, the cross section near 
y = 0 falls with increasing centre of mass energy, in con- 
trast to what is observed for all charged particles. One 
important  source of these differences is the contribution 
to the K ~ spectra of kaons from the decay of charmed 
particles which carry on average some 60% of the avail- 
able energy. The decay products are concentrated within 
_+ 1 unit of rapidity about  the mean rapidity of the 
charmed particle. It is also relevant that the fragmenta- 
tion function of kaons are harder than those for the 
less massive pions. 

In Fig. 9 we show the da/dp 2 distributions for K ~ 
at centre of mass energies of 14.8, 21.5, 35 and 42.6 GeV. 
Here Pt is the momentum component transverse to the 
sphericity axis of the event. At low pZ,0.1<p~ 
<0.5 (GeV/c )  2, they show an exponential fall off de- 
scribed by A e -p~/2~2. The resulting values for a are found 
to be within our errors energy independent and range 
from 0.364-0.07 GeV/c at 21.5 GeV to 0.33 4-0.02 GeV/c 
at 35.0 GeV. At high energies the exponential fall-off at 
low transverse momenta, merges into a high transverse 
momentum tail. This indicates that the K ~ are produced 
both in three- and two-jet events. 

Finally, in order to see whether the K ~ yields are 
different for these two topologies, we measured the K ~ 
multiplicity as a function of the event sphericity. The 
results of this analysis are presented in Table 5 and plot- 
ted in Fig. 10a together with the results of a parallel 
analysis for charged particles. We have also plotted in 
Fig. 10b the K ~ multiplicity relative to the total charged 
multiplicity as a function of sphericity together with the 
Lund expectation. We find no indication that the K ~ 
multiplicity per event increases With increasing event 
sphericity faster than the total charged multiplicity. 

3 K* analysis 

3.I K* identification 

Using the K ~ samples at the three highest energies dis- 
cussed so far, we have searched for the decay 

Table 4. K ~ multiplicity per hadronic event measured by PETRA and PEP experiments 

( I / s )  TASSO JADE CELLO TPC M A R K  II HRS 

12.0 1.14_+0.38 
14.0 1.05 + 0.21 
14.8 1.17 • • 
22 1.28• 1.27• 
29 
30 1.49 _+0.22_+0.15 
34.5 1.49_+0.044-0.05 1.45 • 
35 1.47 • 0.03 • 0.05 
42.6 1.52 • • 

1.42•177 

1.22•177 1.27•177 1.58•177 
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K* + (892)~K~ +. To this end K ~ were combined with 
any additional charged particle from the event vertex, 
using the pion hypothesis. In order to suppress back- 
ground, the mome n t um  of the additional pion was re- 
quired to be greater than 0.1 GeV/c and the track had 
to belong to the same hemisphere, defined relative to 
the sphericity axis, as the K ~ 

The resulting o + Ks re- invariant mass distributions are 
plotted in Fig. 11. A clear enhancement, corresponding 
to the K* -+ (892) is seen. These mass spectra were fitted 
to the sum of a relativistic Breit-Wigner shape with the 
mass and width fixed to the known K* -+ (892) values 
1-28], folded with the detector resolution, and a back- 
ground. The results of the fits for each subset are listed 
in Table 6 together with the values of the mass and the 
width if they are left free. 

In order to estimate the systematic errors coming 
from the fit, we have used three different expressions 
for the background:  

f l  (x) = (x -- m) ~' e -  ~ ~' + =3 x2) 

_( 

-(x-m) 
f3 (x )=(1- -e  ~1 )e -(~2x+~3x2) 

where the c~, are free parameters  and m is the K~ mass 
threshold. Since the K ~ were identified with relatively 
little background,  it was not necessary to apply a cut 
in xg in order to suppress combinatorial  background.  

The acceptance corrections and detection efficiencies 
were calculated from a parallel analysis using Monte  
Carlo techniques as discussed in the previous section�9 
Radiative corrections were also taken into account as 
described before. In order to estimate the systematic er- 
rors affecting our acceptance determinations two differ- 
ent fragmentation models were used as for the K ~ case. 

3.2 Differential cross sections 

The measured scaling cross section, (s/fl)(da/dx~), as a 
function of the fractional energy is given in Table 7 and 
plotted in Fig. 12. In order to compare  the scaling cross 
section of strange pseudoscalar mesons with strange vec- 
tor mesons, we have plotted in Fig. 13 the scaling cross 
sections for K ~ K + and for K* +(892). The spectra 
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Table 5 a, b. K ~ multiplicity as a function of event sphericity 
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Sphericity ~/s = 42.6 GeV 

<K ~ <K~ 

1/~ = 35 GeV 

<K~ <K~ 

0.000-0.020 0.87 -+ 0.14 0.083 • 0.015 0.79 _+ 0.10 0.082 _+ 0.012 
0.0204).035 1.16 _+ 0.16 0.089 _+ 0.013 1.20 _+ 0.12 0.099 _+ 0.011 
0.035-0.050 1.42 _+ 0.19 0.103 _+ 0.015 1.36 _+ 0.14 0.106 _+ 0.012 
0.050-0.065 1.48 +_ 0.21 0.100_+ 0.016 1.49_+ 0.16 0.108_+ 0.013 
0.0654).080 1.50 _+ 0.24 0.098 • 0.017 1.72 • 0.20 0.120 +_ 0.016 
0.080-0.105 1.14_+0.16 0.072_+0.011 1.49_+0.14 0.100_+0.011 
0.105-0.130 1.49_+0.22 0.091 -+0,015 1.57_+0.17 0.103___0.013 
0.130-0.155 1.30-t-0,19 0.064_+0,013 1.49_+0.17 0.096_+0,013 
0.155-0.205 1.69+_0,23 0.100-+0,015 1.72_+0.17 0.110_+0,013 
0.205 0.255 2.18 _+0.34 0.121 _+0,022 1.84_+0.22 0.111 _+0.015 
0.2554).330 1.94 _+ 0.30 0.108 _+ 0,019 1.87 _+ 0.22 0.111 _+ 0.015 
0.3304).500 1.92 _+ 0.27 0.107 _+ 0.017 1.85 _+ 0.20 0.111 _+ 0.014 
0.500-0.840 2.14_+0.34 0.115-+0,026 1.86_+0.18 0.132_+0.023 

~/~= 14.8 GeV ]/s=21.5 GeV 

Sphericity <K ~ <K~ Sphericity <K ~ <K~ 

0.00043.050 0.72 __%_ 0.23 o. 116 _+ 0.040 0.000-0.050 0.54 _ o. 15 o. 123 _+ 0.050 
0.050-0.080 1.16_+0.29 0.147_+0.041 0 .050-0 .080 0.58-t-0.16 0.163_+0.049 
0.080-0.105 1.03• 0.116+_0.034 0 .0804) .105 1.35_+0.37 0.145_+0.044 
0.105~).1.55 1.10__0.21 0.120_+0.026 0.1054) .255 1.21_+0.29 0.147_+0.050 
0.155~3.205 1.00__0.22 0.104_+0.025 0 .255-0 .330  1.98_+0.54 0.147_+0.051 
0.2054).255 1.64_+0.38 0.162_+0.042 0 .330-0 .500 1.82_+0.46 0.161-t-0.051 
0.2554).330 1.44_+0.33 0.133_+0.034 0.5004) .840 0 .84-+0 .47  0.151-/-_0.050 
0.330-0.500 1.33__0.25 0.122_+0.026 
0.5004).840 1.43+_0.33 0.121_+0.031 

for pseudoscalar and vector kaons tend to each other 
at high xe values, however the former is much steeper 
than the latter. These features are will described by cur- 
rent fragmentat ion models. In fact the Lund curve shown 
in Fig. 12 which reproduces fairly well the data, was ob- 
tained with default values for the vector meson produc- 
tion probabilities. These probabilites were 50%, 60% 
and 75% for light, strange and heavy vector mesons, 
respectively. 

3.3 Integrated cross section and K* +(892) multiplicity 

The observed number  of K* + (892) events, after correc- 
tions for the efficiency and the known branching ratios 
of its decay chain, resulted in the multiplicities given 
in Table 8. Note  that we quote two errors, the first error 
is statistical while the second is systematic and reflects 
the uncertainties in the acceptance, the measured lumi- 
nosity, and the background substraction. These multipli- 
cities correspond to RK,~ values which are also listed 
in Table 8. These results are in reasonable agreement 
with the JADE [29] and C E L L O  [22] measurements 
of 0.87 • 0.16 _+ 0.08 and 0.77 _+ 0.17 ___ 0.14 respectively at 

] ~ = 3 5  GeV and with the 0.62_+0.06 value of the HRS 

collaboration [-30] at ] /s  = 29 GeV. 

3.4 K* +- (892) production in jets 

We have investigated the K* • (892) product ion charac- 

teristics in jets for the sample at I / s =  35 GeV only, since 
the poor  statistics of the other two samples precluded 
a similar analysis. 

We show in Figs. 14 and 15 the rapidity and pt z distri- 
butions. They exhibit a similiar behaviour to that  shown 
for K ~ In particular the p~ distribution shows again 
an exponential fall off at low transverse momenta ,  which 
can be fitted to the expression Ae -p~/2~2 yielding values 
for a compatible to that obtained for K ~ but with a 
larger error bar. Also as in the K ~ case, the data tend 
to flatten and develop a tail at large p{ values. This 
is an indication that strange vector mesons are produced 
in three- as well as in two-jet events. 

In analogy to our discussion in Sect. 2.4, we have 
investigated the evolution of the K* +(892) yield as a 
function of the event sphericity. These results are plotted 
in Fig. 16a. Figure 16b show the K* + (892) multiplicity 
relative to the total charged multiplicity as a function 
of sphericity. Although clearly the K* -+ (892) yield grows 
with increasing sphericity, we find no evidence that this 
increase is faster than for the total charged multiplicity. 
These results are summarized in Table 9. We remark 
that these results are stable upon relaxing the require- 
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Table 6. Results of fits to the K ~ 7r mass distributions. The resulting 
number of K* • (892), as well as the fitted mass and width are 
given (in MeV) 

]/s = 34.5 GeV l/~ = 35.0 GeV ]/s = 42.6 GeV 

# K  *• 219 -+77 +_ 6 643 +_121 +_54 190 +_34 +_41 
mK, 893.0+_ 7.3+_ 7.4 889.7+_ 7.5+_2.3 901.7-+10.6+_ 1.1 
~ .  45.5+_ 8.1+_22.4 60.2+_ 15.3• 39.0-+ 9.0-+ 3.6 
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Table 7. Scaled cross section, (s/fi) da/dxe in nb-GeV 2 for K* • 
production 

x~ (s/fl) d ~/d x~ 

] /s=42.6 GeV ~ = 3 5  GeV I / s =  34.5 GeV 

0.054).10 1850+_962+_275 1193+_689+_175 1870+_853+_278 
0.1043.20 815+_352+_ 80 844+_215_+139 842+_378+_ 90 
0.20q3.40 250+_131+ 75 237+_ 85+_ 20 253+_114+_ 39 
0.400.80 141+_ 47+ 74 73+_ 28+_ 14 52+_ 34+ 6 

Table 8. K* • multiplicity, R~.~, and integrated K *• cross 
section 

( I / s )  (K* • ) RK*~ aK** (pb) 

34.5 0.51+_0.18_+0.07 2.04+_0.72+_0.27 148.9+_52.6+_20 
35 0.66+_0.12_+0.04 2.53+_0.48_+0.21 179.5+_34.1+-15 
42.6 0.77+-0.17___0.08 3.09__0.68+-0.37 147.8_+32.6+_18 
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Table 9. K*-+(892) multiplicity as a function of the event sphericity 

Sphericity ( K ~ ) ( K * ) / ( nch) 

0.00-0.02 0.10 _+ 0.07 0.010 • 0.007 
0.024).06 0.62 • 0.13 0.048 • 0.010 
0.06~t 11 0.40 • o. 17 0.028 • 0.012 
0.114).21 0.48 • 0.031 • 
0.214).40 0.84 • 0.25 0.050 _+ 0.019 
0.404).68 0.81 _+ 0.35 0.048 • 0.021 

ment that the K ~ and charged pion forming a K* should 
belong to the same hemisphere, which could be danger- 
ous for spherical events where the sphericity axis is not  
well determined. 

4 Conclusions 

We have measured differential and total cross sections 

for K ~ production at ~ = 1 4 . 8 ,  21.5, 34.5, 35 and 

42.6 GeV and for K* -+ (892) production at ]/s=34.5, 35 
and 42.6 GeV. Scale breaking effects have been mea- 

sured. The K ~ and K* -+ (892) multiplicities per hadronic 
event have been obtained and compared and found to 
be in agreement with those published by other experi- 
ments. The strange meson  production characteristics in- 
side jets have been investigated. In particular their p2 
distributions show an exponential  fall-off at low trans- 
verse momenta  which can be described by the expression 
A e  -p~/2'~2 with a ~ 0 . 3  GeV/c  independent of energy. At 
high energies this exponential  fall-off at low transverse 
momenta  merges into a high transverse m o m e n t u m  tail. 
This is an indication that strange mesons  are produced 
both in the quark and the gluon fragmentation. We have 
studied the strange meson  yield as a function of  event 
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spher ic i ty .  W e  have  f o u n d  a rise wi th  i nc r ea s ing  spher ic-  
ity. T h e  s t r ange  m e s o n  m u l t i p l i c i t y  re la t ive  to the  to ta l  
charge  m u l t i p l i c i t y  is h o w e v e r  flat wi th  spher ic i ty  wh ich  
we i n t e r p r e t  as a n  i n d i c a t i o n  tha t  the  s t r ange  m e s o n  
c o n t e n t  in  g l u o n  f r a g m e n t a t i o n  is s imi la r  to t ha t  in  
q u a r k s  f r a g m e n t a t i o n .  
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