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! Now at Université de Genéve, Switzerland Abstract. We present an analysis of strange particle pro-
* Now at RWTH, Aachen, FRG duction from e* e~ annihilation into multihadronic final
3 Now at Inst. de Fisica Corpuscular, Universidad de Valencia, states. The experiment was performed with the CELLO
Spain ;

41I)\Iow at MPI fiir Physik und Astrophysik, Miinchen, FRG detector at the PETRA storage ring at DESY, the d&.lta
5 Now at Stanford Linear Accelerator Center, USA was _taken at a Cen,tre Qf mass energ_yl of 35 GeV Wlth
5 Now at DESY, Hamburg, FRG an integrated luminosity of 86 pb~'. The particles
7 Heisenberg Scholarship of Deutsche Forschungsgemeinschaft K.(s) , K** and 4 have been identified by their characteris-

® Now at CERN tic decays, and differential cross sections for their pro-
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duction have been obtained. From a comparison of K
and K** rates the Lund vector meson suppression pa-
rameter V/(V+ P)s has been determined.

1 Introduction

Electron positron annihilation in colliding beam ma-
chines is a kinematically simple high energy process
which offers unique possibilities for studying the transi-
tion of partons into observable hadrons. The centre of
mass energy is almost entirely transferred initially to the
partons, just a few percent being lost on average to radia-
tive photons. The parton state, consisting of a ¢ pair
and up to a few hard gluons, then fragments into had-
rons. In principle this transition can be calculated within
QCD. But, since low energy scales are involved, the per-
turbative approach fails. Much effort has therefore been
dedicated to a phenomenological description of these
transitions in the context of fragmentation models. Usu-
ally these models introduce several parameters which
arise from the underlying ideas of the model, but must
be determined by experiment. The models finally deliver
production cross sections for various particle species
which can be compared to the experimental data.

Results from CELLO on inclusive y, n° and # pro-
duction have been already published [1]. In this paper
we give results on strange meson and strange baryon
production, and compare them to the Lund string model
predictions. We first present the K9S and K** production
rates, from which we infer the VAV + P)s parameter for
strange quark production (Sect. 3). 4 production is ex-
amined in Sect. 4.

2 Experiment

The CELLO detector at PETRA recorded an integrated
luminosity of 86 pb~™! in the 1986 data taking period
at 35 GeV. CELLO is a multi purpose detector and has
been described in detail elsewhere [2]. The present analy-
sis relies solely on the information from the central track-
ing device, which is contained within a thin supercon-
ducting solenoid of 1.6 m diameter providing an axial
magnetic field of 1.3 T. During 1986 the detector was
equipped with nine drift and five proportional chambers
with radii from 11 to 70 cm and covering 92% of the
solid angle. It achieved a momentum resolution of o (p)/
p=0.02-p (p in GeV/c) without vertex constraint. In the
forward and backward region of the detector two planes
of proportional chambers perpendicular to the beam axis
complete the tracking system and allow charged particle
measurement within |cos 8] <0.98.

To identify multihadronic events we use a standard
selection procedure, described in detail in [3]. Here we
briefly mention the most important criteria. These re-
quire (1) at least five charged particles; (2) at least 1 GeV
neutral energy in the lead liquid argon calorimeter; (3)
at least 7 GeV total energy of charged particles in the
central tracking device and (4) the net charge sum to

be less than 6. With these cuts we select 24166 events.
The residual background is estimated to be less than
3% and stems primarily from two-photon reactions and
beam-gas interactions.

3 Strange meson production

The neutral K§ meson can be detected by its in-flight
decay into n* =~ its mean decay length of about 2.7 cm
being sufficient to allow the reconstruction of the second-
ary decay vertex in many cases. To this end a ¥° search
routine is applied to the reconstructed charged particle
tracks. The algorithm starts with a pairing of oppositely
charged particles. The two intersection points in the x—y
plane are calculated and the one with the smaller z differ-
ence at the crossing point is taken as the candidate V°
vertex. In cases where no intersection is found the point
of closest approach is considered as a ¥° candidate. The
V° candidates have to pass several requirements: (1) The
two tracks must be compatible with originating from
a common secondary vertex within loose geometric lim-
its; (2) The separation between primary vertex and pro-
posed V° vertex in the x—y plane must exceed 4 mm;
(3) the z difference of the two tracks at the intersection
must be less than 50 mm; (4) the tracks must not have
hits between the primary and secondary vertex, except
for the two innermost chambers, where noise hits may
occur even on VO tracks. A detailed description of the
algorithm can be found elsewhere [4, 5].

The position of the primary event vertex was moni-
tored for each individual run from collinear Bhabha
events and varies slowly with the running conditions
of the PETRA storage ring. Due to the bunch length
of about 10 cm the z coordinate of the event vertex is
only roughly known and is therefore treated as a mea-
sured parameter with error in the V? fit.

All surviving V° candidates are subjected to a 3-
dimensional vertex fit introducing four kinematical and
geometrical constraints and one unmeasured parameter
(the x — y decay length). The invariant mass is calculated
from the momentum vectors of the tracks at their com-
mon vertex. The fit improves ¥° mass and momentum
resolution by factors of 3 and 1.7 respectively.

3.1 Analysis of K2 production

To identify a clean sample of K we start with all second-
ary vertex candidates as described above. The main
background stems from accidental track crossings. Other
sources of background are converted photons and A de-
cays into pn~, where both tracks are considered as pions.
As photon conversion can only occur in matter the fol-
lowing cuts were applied: V° candidates were rejected
as converted photons when their measured decay length
indicated that they had passed through the beam pipe
and simultancously the invariant mass was less than
0.3 GeV/c? with both tracks being interpreted as elec-
trons. To reduce the combinatorial background we use
a combined cut in the V° fit probability and the decay
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Table 1. Parameters in the Lund 5.2 Monte Carlo program used
for event generation

Parameter Value
Asrs 450 MeV
Yo 0.015
P 0.3

Gpr 250 MeV/c?
VIV+ P 04

VIV +P), 0.75

a 1.00

b 0.60

&, 0.025
8 0.0035
sin? 0y, 0.23

length [5]. The resulting =% 7=~ mass spectrum is shown
in Fig. 1. A clear K2 signal is seen above a small back-
ground. The spectrum is satisfactorily described by a
polynominal background function and a Gaussian for
the signal. The fit results are:

m(K$)=497.7+0.6 MeV/c?
and
(K3 =178-+0.6 MeV/c?,

in good agreement with the PDG value and the simulat-
ed 7 7~ mass resolution. Similar fits were done in differ-
ent momentum bins followed by an acceptance correc-
tion. The acceptance corrections were determined by re-
peating the analysis using events generated with the
Lund 5.2 [6] Monte Carlo program®* and passed
through a detailed simulation of the CELLO detector.

* The parameters used in the Lund program are given in Table 1
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Fig. 2a, b. Scale invariant differential cross section for K°, K° pro-
duction as a function of the fractional energy x == 2E/]/;: a Compar-

ison with other experiments [13, 17]; b comparison with the Lund
model prediction

Table 2. K° K° cross section. The error on the cross section is
statistical only. The quoted x is the centre of gravity of the corre-
sponding bin

& (1/Ban(da/dx)
0.034 19.0 +4.46
0.045 13.7 +147
0.064 113 +1.12
0.085 6.95+0.81
0.106 5.46 £0.70
0.129 4.59+0.70
0.156 3451048
0.204 3.01£0.70
0.256 1.63+0.35
0337 0.98+0.31
0.547 0.1640.10

Table 3. K** cross section. The error on the cross section is statisti-
cal only. The quoted x is the centre of gravity of the corresponding
bin

& (1/Baw)(da/dx)
0.125 321 +091
0.265 142 £0.57
0.436 024 +0.16
0.710 0.044+0.039
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Table 4. Strange particle cross sections

Particle Cross section R Value Mean multiplicity
[pb]

K% K° 394 +26 +351 5.56+0.37+0.72 142 +0.09 +0.18

K*f 214 +46 +39 3.02+0.6540.54 0.77 +0.17 +0.14

A, A4 585+ 7.6+ 7.6 0.83+0.1140.11 0.211+0.027 +0.027

Table 5. A, A cross section. The error on the cross section is statisti-
cal only. The quoted x is the centre of gravity of the corresponding
bin

x> (1/Bay)(da/dx)
0.076 325 £1.37
0.094 232 £049
0.117 148 +0.37
0.153 0.70 +0.18
0222 032 +0.12
0358 0.15 +0.07
0.585 0.048 +0.026

Table 6. Mean number of strange particles produced near 35 GeV
from PEP and PETRA. The first error is statistical, when given
the second is systematic

Particle Experiment Reference Mean multiplicity
K° K° TPC [12] 1.22+0.03+0.15
MARK II [13] 1.274+0.0340.15
HRS [141 1.58+0.03+0.08
PLUTO [15]3 146403
JADE [16] 145+0.08 +£0.15
TASSO [17] 1.484+0.05+0.22
CELLO this expt. 1.4240.09+0.18
K** MARK II [18] 0.26 +0.047 +0.055*
HRS [19] 0.62+0.045+0.04
JADE [20] 0.871+0.16 +0.08
CELLO this expt. 0.77+0.17 +0.14
A, 4 MARK II [21] 0.2134+0.012+0.018
HRS [14] 0.217+0.009 £0.022
TPC [22] 0.197+0.01240.017
TASSO [23] 0.218+0.011 +0.021
JADE [24] 0.2344-0.064°
CELLO this expt. 0.2114+0.027 £0.027
®for p>2 GeV/c

b The numbers given for A4 only, were multiplied by two

Radiative corrections of the initial state electrons have
been determined for each acceptance bin separately, us-
ing the Berends-Kleiss generator [7] implemented in the
Lund Monte Carlo program. In order to check the cor-
rection procedure we measured the proper lifetime of
the K2 meson and found it to be in agreement with
the PDG value.

The scale invariant cross section (1/f,)(do/dx) for
inclusive K and K° production, expressed as a fraction

**# For brevity we write just the particle state to indicate both
particle and antiparticle state

of the first order hadronic cross section g
=Rpaq-0(u* u7), is presented in Table 2 as a function

of the fractional energy x=2-E/]/§. The R,q value has
been taken from a recent compilation to be 3.914-0.04
at 35 GeV collision energy [10] and o (u* u7) is the point
cross section at 35 GeV. The error in Ry,4 is not included
in the numbers in Table 2. In Fig. 2 the results are com-
pared to the Lund model prediction where good agree-
ment is observed. Note, that throughout this paper all
Lund curves are smoothed histograms, generated by
Lund 6.3 [8] with parton shower option and default
parameter values.

Integrating over the observed x range and using the
Lund model to extrapolate over the unobserved x region,
we obtain a K° and K° inclusive cross section of
0(K® K)=394+26+51 pb. The branching ratio K°
—K?—>n"n~ was taken to be 34.3% [9]. This cross
section can be translated into an R value
o(K° K%/o(u* 17)=5.56+0.37+0.72. Dividing by Ry,4
leads to a mean K° K° multiplicity of {(Ngo goy=1.42
+0.094-0.18 per event. The first error quoted is statisti-
cal and the second is systematic and reflects uncertainties
inherent in the acceptance calculation and the measured
luminosity, as well as uncertainties in the radiative cor-
rection applied to the data. The results are listed in Ta-
ble 4, and are seen to be consistent with those from other
PEP and PETRA experiments in Table 6 and Fig. 2.

3.2 Analysis of K** production

The K** is detected via its K°n* decay mode**, with
the K° subsequently decaying into =+ n~. To reconstruct
the K** decay we identify K$ within two standard devia-
tions of the =™ 7~ mass resolution, assign the nominal
K2 mass to the combination and pair it with all remain-
ing tracks in the event. For details of the K selection
see Sect. 3.1. Since the K** decay proceeds via the strong
interaction, the additional track is required to approach
the beam axis within 5 mm. To assure well measured
tracks, the following cuts were imposed for the additional
track: (1) |cos8|<0.9, where 8 is the angle to the beam
axis; (2) at least six hits in the central tracking system
and (3) the momentum must exceed 200 MeV/c. To re-
duce the combinatorial background, additional cuts
were imposed on the K** candidates: (1) the kinematical
region x<0.05 is excluded from the analysis, because
the acceptance drops sharply with decreasing x; (2) we
demand cos6* > —0.8, where 6* is the pion decay angle
in the KSn rest frame. This cut efficiently reduces the
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Fig. 4. Scale invariant differential cross section for K** production

as a function of the fractional energy x=2E/]/§. The MARK II
and JADE data are taken from [18, 207 and the solid line shows
the Lund model prediction

background observed for backward decays. The result-
ing K¢n* mass distribution is shown in Fig. 3. A promi-
nent K** signal is seen well above threshold. The spec-
trum is fitted by a Gaussian above a polynominal back-
ground function. A fit from threshold to m(K2n™)
=1.4 GeV/c? gives the following results:

m(K**)=890+7 MeV/c?
and

o (K*")=37+8 MeV/c2.
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The observed signal is in satisfactory agreement in width
and position with that obtained by a Monte Carlo simu-
lation. Following the procedure outlined above for the
K we determine the inclusive cross section for K*7
production corrected for the effect of initial state radia-
tion. The branching ratio for K** > K{n* »n*tn n*
was taken to be 22.9% [9]. The resulting cross sections
are summarized in Table 3 (p. 399) and displayed in
Fig. 4 together with the Lund model prediction. The
agreement is reasonable, but as is visible in Fig. 4, the
combined data from PEP and PETRA indicate a some-
what steeper drop of the cross section with increasing
x than suggested by the Lund model. The integrated
cross section is 186 +40+33 pb for the x range covered
by this analysis. Again relying on the Lund model to
correct for the unobserved x region, we obtain a total
cross section of 2141+46+39 pb which translates into
an R value of 3.02 +0.65 4+ 0.54 and implies a mean multi-
plicity per multihadronic event of {Ng..>=0.77+0.17
+0.14. These results are listed in Table 4 and compared
to other PEP and PETRA experiments in Table 6, where
consistent agreement is found.

3.3 Vector meson production

A comparison of pseudoscalar (P) and vector (V) meson
production rates can provide valuable information on
the dynamics of quark fragmentation. However, since
measured production rates of a certain particle always
contain contributions from higher mass states, it is not
straightforward to compute the V/(V+ P)s parameter*.
Either one needs to know the cross sections and branch-
ing ratios of all particles decaying to the observed parti-
cle, or one has to rely on a specific fragmentation model.
Here we have used the version 6.3 of the Lund model
{8] to establish the functional relation between the ex-
perimentally accessible ratio r=Ngo go/Ng«: =1.84
+0.42+0.18 and the V; parameter for strange quark
fragmentation. For this purpose we kept all other Lund
model parameters at their default values and varied only
the Vg parameter. With a Vg parameter of 0.59*3-29+9:19
the model is in accord with the observed r ratio. The
first error is statistical and the second systematic error
covers the uncertainties inherent in the measured r ratio.
(Note that errors on the absolute normalisation cancel
in the ratio r) With this Vg parameter the model also
reproduces the K? and K** production rates individual-
ly with good precision.

Our measurement of V5 compares well with those
of JADE [20]} (0.7 +£0.35 +0.26), HRS [25] (0.66 +0.08)
and TPC [12] (0.4740.114+0.09), all based on K*/K
production. The weighted mean of the four results is
0.60+0.06, to be compared with the value 0.75 expected
from spin counting neglecting the mass differences be-
tween pseudoscalar and vector mesons. The observed
partial suppression of vector meson production can be
argued to be due to spin-spin interactions [11] of the

* For brevity V/(V+ P)s is denoted by Vj
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quarks forming the meson. According to this description,
a mass dependence of the ratio P/V as $(M,/Mp)* is
expected, where o is a free parameter. Combining our
data with results from p°/z° and D*/D° production leads
to 0 =0.53+0.16 [ 5], in agreement with results obtained
by HRS and JADE [19, 20].

4 Analysis of A production

The analysis of 4 production follows the same lines as
the K2 analysis, but the different decay kinematics and
the longer lifetime require somewhat different selection
criteria. For V° momenta above ~300 MeV/c a unique
A and A assignment can be made, using the property
of the Lorentz transformation, which gives the higher
momentum to the more massive decay particle. In the
following, reference to the particle state again implies
the charge conjugate state as well.

To select A candidates we start with the V' selection
as described in Sect. 3. V° candidates compatible with
the photon hypothesis were rejected, and the following
additional requirements were made: (1) The V° momen-
tum must exceed 0.5 GeV/c?, below which limit the ac-
ceptance drops significantly; (2) the decay length must
be larger than 3 cm and (3) r, must be larger than 5 mm
for the pion and 1 mm for the proton, where r, is the
closest distance of the track to the beam axis. The pn~
effective mass spectrum in Fig. 5 shows a clear 4 signal
above a background which is partly (~30%) due to K2
decays into ntn~. To avoid further loss of statistics,
we have not excluded the K reflection explicitly. The
spectrum is approximated by a Gaussian signal and a
polynominal background function. The fitted back-
ground is indicated by the solid line in Fig. 5. The ob-
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Fig. 5. pr~/pn™ invariant mass spectrum

served width of 4.54+0.4 MeV/c? is in good agreement
with the simulated pn~ mass resolution of the detector.
The total spectrum contains 220+21 A and A, where
the individual contributions are 107+134 and
110+ 14 A respectively.

To obtain the differential cross section, the fit was
repeated in' different x intervalls, with width and mass
of the signal fixed to the Monte Carlo expectation. The
acceptance corrections are determined by running the
analysis programs, used for the real data, on a set of
Monte Carlo events. The A lifetime was computed from
the corrected decay length distribution and agrees with
the PDG value, thus serving as a test for the correction
procedure.

The scale invariant differential cross section, cor-
rected for initial state radiation is presented in Table 5
(p. 400), where the branching ratio 4 —pn~ was taken
to be 64.1% [9]. In Fig. 6 the Lund model expectation
is shown together with the measured cross section, where
good agreement in shape and absolute normalisation
is observed.

The analyzed x region corresponds to an integrated
cross section of 56.0+7.347.3 pb. The second error is
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Fig. 6a, b. Scale invariant differential cross section for 4, A produc-

tion as a function of the fractional energy x = 2E/‘/§: a Comparison
with other experiments [14, 23]; b comparison with the Lund mod-
el prediction



systematic and covers uncertainties in the Monte Carlo
simulation, the luminosity and the radiative correction.
We use the Lund model to extrapolate over the unmea-
sured x region and obtain 58.54+7.64 7.6 pb. A compari-
son with the strange meson yield in Table 4 reveals a
significantly lower baryon production rate in the frag-
mentation process. In Table 6 and Fig. 6 our results are
seen to be in agreement with those obtained by other
PEP and PETRA collaborations.

5 Summary and conclusions

In a study of strange particles produced inclusively in
et e” annihilation, we have measured the production
rates for K°, K° K** and 4, 4 and find consistency with
results reported by other PEP and PETRA experiments.
The data are reproduced with good accuracy by the
Lund string model. The ratio of primary pseudoscalar
to vector meson production rates, as determined from
K? and K** production, indicates a suppression of the
vector meson in the fragmentation process. This behav-
iour is also suggested by theoretical ideas of quark frag-
mentation. The strange baryon yield is significantly
lower than the strange meson yield, a result also fa-
voured by phenomenological fragmentation models.
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