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Abstract. A study of the production of strange octet and
decuplet baryons in hadronic decays of the Z recorded by
the DELPHI detector at LEP is presented. This includes the
first measurement of the XF average multiplicity. The to-
tal and differential cross sections, the event topology and
the baryon-antibaryon correlations are compared with cur-
rent hadronization models.

1 Introduction

The phenomenological interpretation of the production of
the S = —1 and S = —2 baryons in e*e™ annihilation at
the Z is based on the formation of S = —1, —2 diquarks
[1] during hadronization. These are objects of spin 0 or 1
and contain one or more strange quarks. However there are
several free parameters in the hadronization models and it
might be expected that by judicious tuning, the predictions
can converge on an empirically adequate description of the
process of partons fragmenting into hadrons. To check the
adequacy of such models it is necessary that the baryon
production be studied in the context of the overall relevant
hadron production.

In this paper the production dynamics of the =,
Z(1530)°, X(1385)* and X% baryons are studied and com-
pared to the A and K° production properties. The measured
total cross sections are compared with the JETSET 7.3 [2]
and HERWIG 5.7 [3] predictions. The jet structure of the
hadronic events containing the particles and the correlations
in baryon production are also studied.

The present work extends the results of our previous
[4] DELPHI publication on the =~ production and together
with [5, 6] covers a broad range of topics concerning strange
meson and baryon production in Z hadronic decays.

2 Experimental procedure and event selection

A description of the DELPHI detector can be found in Ref.
[7]. The present analysis is based on the information pro-
vided by the central tracking detectors: the Micro—Vertex
Detector (VD), the Inner Detector (ID), the Time Projection
Chamber (TPC) and the Outer Detector (OD); and by the
Hadronic Calorimeter (HCAL).

The central DELPHI tracking detectors cover the region
between 25° and 155° in polar angle 6. These give an aver-
age momentum resolution of charged particles in hadronic Z
decays in the range Ap/p ~ 0.001 x p to Ap/p ~ 0.01 x p
(p in GeV/c), depending on which detectors are included in
the track fit.

Charged particles were included in this analysis if they
had:

— track length measured in the TPC > 30 cm;

— momentum between 0.1 GeV/c and 35 GeV/e;

- relative error on the momentum measurement less than
100%:;

— polar angle of the track, 6, between 25 and 155 degrees.

Hadronic Z decays were selected by requiring :

— at least seven charged tracks (N, > 7);

— energy sum of the charged tracks (assumed to be pions)
in each hemisphere greater than 3 GeV (3 Eﬁb > 3
GeV),

— total energy sum of the charged tracks greater than 15
GeV (3. E% > 15 GeV).

A total of 950 000 events from the 1991 and 1992 runs (for
the Z(1530)° analysis a sample of 1,75 million events from
the 1991,1992 and 1993 runs) satisfied these cuts. Events
due to the beam gas scattering and to <y~ interactions have
been estimated to be less than 0.1% of the sample, while
background from 77~ pairs was calculated to be less than
0.2%.

In order to determine the position of the interaction point
a multi-event vertex was formed (in the following denoted
the ‘primary vertex’). Tracks with transverse momentum
with respect to the beam axis greater than 1 GeV/c and 2
or more VD hits were selected from consecutive hadronic Z
decays (typically 3000 events, 2.5 tracks per event in aver-
age). These tracks were used to define a vertex in the plane
perpendicular to the beam direction (the R¢ plane). The real
interaction point for the 1991(1992) events has been esti-
mated to lie within 10(10) pm in the vertical direction and
150(100) pm in the horizontal direction of this vertex at the
one sigma level.

The influence of the detector resolution on this analysis
was studied with the simulation program DELSIM [8] us-
ing as event generator JETSET 7.3 Parton Shower [2] with
parameters tuned as in [9].

3 A Reconstruction

The following baryons' were identified through their decays:

=7 — An™
Y(1385)F — Ar*
2(1530)° — =7t
— Arw"
A first enrichment of the data sample was performed by
requiring the identification of at least one A candidate per
event.

For any pair of oppositely charged tracks both intersec-
tions in the R¢ plane were taken as vertex candidates. The

! In the following when a baryon (or baryon decay) is mentioned the
antibaryon (or antibaryon decay) is also meant unless explicitly stated
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Fig. 1. p~ invariant mass distribution

intersection for which the tracks had the minimum sepa-
ration along the axis parallel to the beam direction (in the
following the z axis) was then selected. Pairs of tracks which
did not intersect were also retained if they approached each
other within 0.3 cm. For all these tracks, a vertex fit was
performed as described in [10]. The following cuts were ap-
plied to keep the maximum number of A’s produced from
hyperon decays whilst simultaneously reducing the combi-
natorial background:

— separation of the tracks along the z axis at the secondary
vertex not larger than 0.75 cm;

— distance between the primary and the secondary vertex
in the R¢ plane greater than 3 cm;

— minimum impact parameter with respect to the primary
vertex (distance of closest approach to the primary ver-
tex) on the R¢ plane of the two particles greater than
0.03 cm, to exclude particles from the primary vertex;

— angle 6 less than 100 mrad (where 0 is the angle be-
tween the A candidate momentum direction and the vec-
tor pointing from the primary to the secondary vertex,
projected onto the R¢ plane);

— transverse momentum of the two particles with respect
to the A direction greater than 0.02 GeV/c (to remove vy
conversions).

— A candidates required to have momentum greater than
0.5 GeV/e.

The invariant mass of the selected candidates was calculated
by assigning the proton mass to the particle with the higher
momentum. The mass spectrum of the A candidates is shown
in Fig. 1.

A fit was performed with the Breit-Wigner distribu-
tion for the signal and a polynomial distribution for the
background. From this, 54 6254374601 candidates with
mass 1115.2040.02+0.20 MeV/c? and width 5.5+£0.74-0.6

MeV/c? are found. The systematic errors have been calcu-
lated by replacing the Breit—-Wigner formula by two Gaus-
sians with common mean, using either a first or a second
order polynomial to parameterize the background and vary-
ing the choice of mass windows for the fit.

The A production yield was then calculated by repeating
the analysis chain described in [4, 5]. The mean produc-
tion multiplicity is found to be 0.357 + 0.003 + 0.017 A’s
per hadronic Z decay, reproducing our previous published
results [5] but using a slightly more efficient reconstruction
algorithm. Agreement was found also for the differential mo-
mentum distribution.

Z~ Reconstruction

Any A candidate with invariant mass between 1.11 GeV/c?
and 1.12 GeV/c* was combined with any charged track,
taken as a pion, in order to reconstruct a =~ candidate (in
the following these A candidates are referred to as V4’s and
the nominal A mass 1115.68 MeV/c? [11] is assigned to
them, independent of their invariant mass). A vertex was
formed in the R¢ plane if the flight path of the V inter-
sected the charged track. A simulation study has shown that
non intersecting topologies do not contribute significantly to
the reconstructed signal.

A combination of a ¥, and a charged particle was re-
quired to fulfill the following requirements in order to be
accepted as a = candidate:

— separation along the z direction of the V4’s flight path
and the charged track at the R¢ intersection point less
than 0.75 cm (if both the intersections were valid the one
with the smaller z separation was selected);

- intersection point between the primary vertex and the
decay vertex;

— radial distance on the R¢ plane between the primary
vertex and the intersection point greater than 2 cm;

— impact parameter of the charged particle with respect to
the primary vertex on the R¢ plane greater than 0.2 cm;

— impact parameter of the reconstructed = candidate with
respect to the primary vertex on the R¢ plane less than
1 cm.

The mass spectrum of the selected =~ and Z7 candidates
is shown in Fig. 2a, where the points represent the right sign
(Am~,A ©*), while the shaded histogram corresponds to the
unphysical (A7r*, A 7~) wrong sign combinations. The latter
is expected to be a good estimation of the background under
the reconstructed =~ ’s.

A fit using a Breit~-Wigner distribution for the sig-
nal and an empirical parameterization for the background
yields 1375+£50+69 =7’s with a mean mass value of
1320.6+0.05+0.5 MeV/c?> (in good agreement with the
world average of 1321.3240.13 MeV/c?[11]) and a width
of 5.540.8 & 0.6 MeV/c?. The systematic errors have been
calculated by replacing the Breit—~Wigner formula by two
Gaussians with common mean using different functions to
parametrize the background and varying the choice of the
mass window for the fit.

The same procedure has been performed dividing the
data sample into 6 z, regions (x, is the =~ momentum
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pr~ (pr*) spectrum for events containing a =~ (§+) candidate

normalized to the beam energy). The x, dependent recon-
struction efficiencies have been calculated by treating simu-
lated Z decays as real data.

A search was made for evidence of correlated =~ and
A production. In Fig.2b the pr* (pr~) invariant mass dis-
tribution is shown on top of the pr~ (px*) spectrum for

those events containing a =~ (§+) candidate with mass
between 1.31 and 1.33 GeV/c?. The charged particle pairs
have been selected with the criteria described in Sect.3. A
clear peak of 87+10-+8 baryon-antibaryon pairs exceeds a
peak of 23744 baryon-baryon pairs around the nominal A
mass.

5 =(1530)° Reconstruction

The Z(1530)° was identified by its decay to =~ 7*. The
=7 candidates were selected with criteria similar to those
of Sect. 4 requiring an invariant mass between 1.31 and 1.33
GeV/c? and using a sample of 1.75 million events (corre-
sponding to the 1991, 1992 and 1993 running periods). These
candidates were then combined with all charged tracks taken
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as having the pion mass and were considered as a candidate
Z(1530)° decay if the pion track satisfied the following cri-
teria:

— momentum between 0.1 and 2 GeV/c;

— impact parameters on the R¢ and Rz planes less than 3
standard deviations from zero;

- cos(f)greater than 0.8, where 6 is the angle to the =

— origin at the interaction point (see below).

The origin of the tracks was determined as follows. Once the
=~ has been reconstructed, a vertex was estimated using all
tracks of the event except those from the =~ decay. Tracks
contributing too much to the x? of the vertex were excluded
until a x? probability greater than 10~3 was reached. Tracks
included in the final fit were considered as originating from

the interaction point.
=t __
= 7n7)

shown in Fig.3a. There is an apparent disagreement in the
background levels of the above mass distribution which can
be explained, according to the simulation, by flavor correla-
tions during the hadronization process. This is due mainly to
the correlated production of a =~ (ssd) with K*(5u), which
contributes only to right sign combinations when the kaon
is mistaken for the pion. Also =~ correlations with K** or
K*0 preferentially contribute to the right sign combinations
{(by a factor 5/2) whilst baryonic number and strangeness
local conservation contributes to this asymmetry by a much
smaller amount. Simulation studies have shown that the ob-
served asymmetry in the data it is consistent with the JET-
SET predictions as it is shown in Fig. 3b.
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The right sign combinations mass spectrum was fitted by us-
ing a Gaussian distribution for the signal and the following
background parametrization:

F(z) = (z — 1.461)% X exp(ag + a1z + arx* + asz”® + asz™®)

The fit resulted in 312432 Z(1530)°’s with a mean mass of
1533.440.8 MeV/c? and a RMS width of 7.640.8 MeV/c?
which is compatible with the simulation expectation of
1531.6+0.6 MeV/c? and 8.2 + 0.5 MeV/c? for the mean
mass and RMS width respectively. The overall efficiency
for the =(1530)° reconstruction was calculated by treating
the simulated events in the same way as the real data and it
was found to be 4.3 +0.3%.

6 X(1385)* Reconstruction

X(1385)* is identified by its decay into Azx*. All the Vp’s
selected with the criteria of Sect.3 were combined with all
charged particles taken as pions. A combination was consid-
ered to be a X(1385)F candidate if it satisfied the following
requirements :

— W impact parameter with respect to the primary vertex
on the R¢ plane less than 0.15 cm;

— impact parameter of the charged particle with respect to
the primary vertex on the R¢ plane less than 0.2 cm;

- separation along the z axis between the 1y and the
charged particle at their points of closest approach to
the primary vertex less than 1.0 cm;

— momentum of the A greater than 1.5 GeV/e

— opening angle between the two particles less than 60°.

The resulting mass spectrum is shown in Fig.4 where
there is an excess of events concentrated around the

$(1385)* and =~ nominal masses. The total mass spec-
trum was fitted by a Breit—~Wigner and a Gaussian distribu-
tion function to represent the X (1385)* and Z~ mass peaks
respectively whilst empirical parametrizations were used to
describe the background shape. A total of 2683 £ 196 208
3(1385)’s are seen, distributed around a mean mass of
1381.0 £ 2.0 4 2.0 MeV/c? (in comparison with the world
average mass values of 1382.8 + 0.4 MeV/c? and 1387.2 +
0.5 MeV/c¢? for the X(1385)* and the X(1385)~ baryons
respectively [11]) with a width of 32.3 +2.6 £ 1.9 MeV/c?,
to be compared to the world averages of 35.8 +0.8 MeV/c?
for the 3(1385)" and 39.4 £ 2.1 MeV/c? for the X(1385)~
[11]. Systematic errors were derived from the use of dif-
ferent functional forms to parameterize the signal and the
background shape. In addition, guard bands around the A
invariant mass were used to provide an independent esti-
mate of the background mass spectrum.

7 X+ Reconstruction

Experimentally, the charged X* reconstruction is difficult
since the only accessible channels are:

It —pr® (~51%)
— nrt (~ 48%)

X7 = (= 100%)

The method described here is based on the fact that £+’s
have a large decay length (cr(X7) = 449 cm, cr(XZF) =
2.39 cm) and are often measured in the VD. Because they
generally decay before the entrance of the TPC, a charac-
teristic signature of a X* track passing through the VD is
3 hits in this detector and no TPC track associated to them.
Including the beam position, a measurement of the curva-
ture of the 5+ trajectory, and thus of its momentum, is
obtained. When combined with the measured pion track it
gives a signal in the ¥ — nn* modes. However, there are
other sources producing the same topological signature as
described above. Their main origin can be categorized (and
suppressed) as follows:

— TPC sector boundaries

When a track passes through a dead region of the TPC it is
not reconstructed and the corresponding hits in the VD can
count as a X'* candidate. This background was excluded
by rejecting any of the above candidates pointing to a dead
region within an azimuthal tolerance of +5°.

— Nuclear interactions

When a track undergoes an inelastic collision with mate-
rial before the entrance of the TPC, generally more than
2 charged tracks are produced in a momentum range of
0.1 < p < 2 GeV/c. When the collision is after the third
VD layer (mainly in the ID trigger layers) the following
procedure was used to determine if there has been an inter-
action:

- a secondary vertex at a radial distance of 11 < R < 35
cm is reconstructed with all charged tracks of required mo-
menta, and is kept if its x? probability is larger than 1%;
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Table 1. =~ differential cross section
xp Interval Efficiency Number of events N}iad fm—"p
0.015 - 0.050  0.0432 £ 0.0045 323 £23 £33 0.214 £ 0.015 4+ 0.031
0.050 - 0.100  0.1158 + 0.0085 677 £ 33 + 43 0.122 4+ 0.006 + 0.012
0.100 - 0.150  0.0822 & 0.0075 256 £ 21 + 16 0.065 + 0.005 £ 0.007
0.150 - 0.200  0.0448 + 0.0070 81+ 10+ 6 0.038 £ 0.005 £+ 0.006
0.200 - 0.300  0.0127 + 0.0040 28+7+6 0.022 4 0.006 £ 0.008
0.300 - 0.400  0.0056 =+ 0.0023 7E£3+2 0.012 4 0.005 + 0.006

- the X* candidate is extrapolated to radius R and is con-
sidered as a nuclear interaction if its impact parameter with
respect to the secondary vertex is compatible with the vertex
position within three standard deviations.

— Inefficiency on hit association to tracks

When, due to tracking inefficiencies, VD hits are left unas-
sociated, these can mimic a 5= candidate. This background
is reduced by an extra iteration in which the X% track can-
didate is rejected if it can be extrapolated and associated to
a track element defined by hits in the Inner Detector which
are already associated to an existing track.

The track parameters of the surviving candidates (in the fol-
lowing denoted VD-tracks) are defined in the R¢ plane by
the coordinates of the associated VD hits. The transverse mo-
mentum resolution of these VD-tracks has been estimated
from the real data to be 0(1%;) = 0.05(GeV/c)~'. The R¢

component of the XF decay vertex is estimated from the in-
terception of the VD-track with charged tracks reconstructed
in the TPC taken as pions. This combinatorial background
was reduced by requiring the following for the TPC tracks:

— momentum between 0.1 and 2 GeV/c;

— impact parameter on the R¢ plane with respect to the
primary vertex greater than 5 standard deviations;

— no associated hits in the VD.

The polar direction of the X+ candidate was deduced from
the coordinates of the primary vertex, which was estimated
in this case on an event by event basis, and the charged track
coordinates at the X* decay vertex.

A further reduction of the background is obtained by re-
quiring the presence of energy in the Hadron Calorimeter in
the direction of the expected neutron. The direction of the
neutron, in the two body decay X' — nm, is evaluated from
the X% and the 7 momenta. This momentum vector was ex-
trapolated to the Hadronic Calorimeter and a reconstructed
hadronic shower was demanded within azimuthal and polar
angle tolerances of 60 mrad and of £50 mrad respectively.
Figure 5 shows the invariant mass spectra of the n7 candi-
dates. The right and wrong sign combinations were defined
as the same sign and opposite sign for the X% candidates
and the daughter pions. A fit to the right sign combina-
tion mass spectrum in the region 1.15 GeV/c? < m < 1.3
GeV/¢? using a gaussian distribution for the signal and a lin-
ear background parameterization resulted in a mean mass of
118742.3 MeV/c? and a RMS width of 12.94-2.3 MeV/c? in
good agreement with the simulation expectation of 1193 £3
MeV/c? and a width of 12.7 4 2.4 MeV/c? respectively.
Simulation studies have shown that by subtracting the wrong
sign combinations from the right sign in the mass range
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1.15-1.26 GeV/c?, the true number of generated particles is
recovered to within 15%, consistent with the error coming
from the simulation statistics.
After applying the same procedure to the data, an excess of
476439 events in the region of 1.15 < M, < 1.26 GeV/c?
was found in the right sign combination mass spectrum.
The efficiency for X'F reconstruction has been studied on
a simulated sample of 10000 X*’s produced in ¢ events.
It is determined from:

reconstruction of the XF track in the VD: 10 %;
rejection of the backgrounds (see above): 40%;
reconstruction and selection of the pion: 70%:;
tagging of the neutron in HCAL: 15%.

Note that the first value includes the geometrical acceptance,
the probability for the XF to decay after the last VD layer
(different for 2* and 3 7), efficiency of the silicon modules,
and the efficiency of the reconstruction algorithm.

The integrated reconstruction efficiency was found to be
044+0.1%

8 Cross sections and correlated baryon production

The differential cross sections (1/Np.q x dN/dzy) for 57,
and X'(1385)* are tabulated in Tables 1 and 2.
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Table 2. 2(1385)F differential cross sections

T dn,
Nhag dzp

xp Interval  Efficiency ~ Number of events

0.05-0.10 0.118 4+ 0.012 1256 & 96 = 164 0.224 & 0.017 £ 0.037
0.10-0.20 0.101 & 0.013 855 =49 + 63 0.090 £ 0.005 £ 0.013
0.20-0.30 0.053 + 0.007 196 29 + 46 0.038 & 0.005 £ 0.010

In Fig.6 the measured momentum distributions of the
above particles is compared with the JETSET 7.3 prediction.
In the same figure the published A differential cross section
[51 s included for completeness. Although the A momentum
spectrum indicates a softer behavior than the one predicted
by JETSET the =~ data points agree within errors with the
JETSET prediction.

The total =~ production yield is calculated by integrat-
ing the normalized differential cross sections. Assuming that
the fraction of =~ ’s in the unobserved momentum range is
the same as in JETSET implies an 11% correction to the
above number. This extrapolation contributes with a 5% sys-
tematic error?. Nevertheless, the background parameteriza-
tion error of 5% and the simulation statistical error of 4.5%
dominate the systematic effects, whilst the uncertainty due
to the A branching ratio to pm adds only 0.5%. The number
of =~ per hadronic Z decay is thus found to be:

< 57 >=0.0250 £ 0.0009 £ 0.0021

which is consistent with previous LEP measurements [12, 4].
JETSET describes this measured yield successfully (0.0265)
whilst the HERWIG 5.7 model overestimates the =~ pro-
duction by a factor of more than two (0.058).

The differential momentum cross sections of the other
baryons are dominated by the statistical errors. The inte-
grated efficiencies are used in the following to obtain the
production yields.

The =(1530)° was measured to be produced at a rate of:

< 2(1530)° >=0.0041 4 0.0004 + 0.0004

per hadronic Z decay, in agreement with Ref. [12] and con-
sistent with the JETSET prediction of 0.0052 whilst a much
higher cross section of 0.027 is predicted by HERWIG. The
systematics are estimated as a 5% error due to the extrapola-
tion to the unobserved kinematical region, a 5% error due to
the background parameterization and an error coming from
simulation statistics of 7%.
The X(1385)* measured yield of:

< X(1385)%F >=0.0382 + 0.0028 + 0.0045

lies below the predictions of the JETSET (0.073) and HER-
WIG (0.134) but is consistent with the measurement in Ref.
[12]. The systematics for this measurement consist of a 7.7%
background parameterization error, a 7.1% error from sim-
ulation statistics, a 2.3% error from branching ratio uncer-
tainties and a 5% error coming from the kinematical extrap-
olation.

The X+ production rate was established for the first time
in the Z hadronic decays to be:

2 Tn the following the several contributions to the systematic errors are
quoted as a percentage of the measured value and are combined in quadra-
ture to give the total systematic error
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Fig. 6. The x, differential distribution for A, =, and X (1385)F produc-

tion in comparison with the JETSET prediction

Table 3. Individual error contribution to the average multiplicities

Error E-  EU1530) X(1385)F pyEs
Statistical 3.6 % 10.0 % 73 % 82 %
Background estim. 5.0 % 5.0 % 7.7 % 21.0 %
MC correction 45 % 7.0 % 71 % 28.8 %
Branching ratio 0.5 % 0.5 % 23 % <03 %
MC extrapolation 5.0 % 50 % 50% 5.0 %
Total systematic 8.4 % 10.0 % 118 % 36.0 %

< XF >=0.170 £ 0.014 £ 0.061

in agreement with the JETSET (0.18) and HERWIG (0.14)
values. The systematics are estimated as a 21% error due
to the background subtraction (and signal estimation) tech-
nique, a 5% error coming from the kinematical extrapolation,
a 24% error due to the efficiency estimation from the simu-
lated sample and an additional 16% error due to the VD and
HCAL modelling in the detector simulation. This last sys-
tematic error component has been estimated by comparing
the number of tracks per event with 3 VD hits in the data
and the simulation and by studying the energy deposition
in the HCAL from protons of known momenta which have
been tagged as A decay products.

The contributions of the different systematic errors to the
above measurements are summarized in Table 3. Table 4 is
a compilation of the measured strange baryon yields and the
hadronization model predictions.

Our measurement on the K® production rate [6] is also
included for the sake of the following discussion.

The general picture can be summarized in the following
three statements:



Table 4. Total production yields in comparison with the phenomenological
models predictions

Hadron Type Number / event JETSET HERWIG

K° 1.962 + 0.022 + 0.056 2.15 237
0.357 & 0.003 £ 0.017 0.373 0.421

== 0.0250 £ 0.0009 = 0.0021  0.0265 0.058
Z(1530)° 0.0041 + 0.0004 £ 0.0004  0.0052 0.027
2385%  0.0382 +0.0028 + 0.0045  0.0730 0.134
pIES 0.170 4 0.014 + 0.061 0.180 0.142

— Good agreement between the published LEP results[12,
4].

— HERWIG 5.7 overestimates the strange baryon produc-
tion and especially the decuplet yields.

— JETSET 7.3 describes the octet baryon and the Z(1530)°
production sufficiently well but fails to reproduce the
X (1385)* yield.

In JETSET the popcorn mechanism modifies the production
of strange baryons by an additional strangeness suppression
and an enhancement of the decuplet production. In paral-
lel the production of a strange meson between two baryons
while conserving baryon number locally does not require
both the baryons to carry strangeness. It has been shown
[13, 5] that the correlated production of A A is softer in
JETSET without popcorn than that measured in LEP. The
correlated signal of =~ and A presented in section 4 is
used to measure the probability of baryon and strangeness
correlation. Assuming that the efficiency of reconstructing a
baryon is independent of the production and identification of
the other baryon in the same event, the integrated efficien-
cies of the =~ and A reconstruction were used as described
in our previous publication [5] to obtain the following cor-
related baryon anti-baryon production rates per Z hadronic
decay:

< Z=A+E"A >=0.0085 = 0.0018 4+ 0.0019

The systematic errors are calculated using the uncertainties
in the =~ and A production measurements. This average cor-
related production rate, when normalized to the measured
total =~ yield, corresponds to a 34%=+7%=+7% probability
of a A(A) being produced with a =~ (=) baryon. The JET-
SET prediction for correlated 5~ A or e pair varies as
0.0218, 0.0141 and 0.0093 per Z hadronic decay® for val-
ues of the popcorn parameter of 0, 0.5 and 0.9 respectively.
Although tagging events containing a =~ gives statistical
limitations which compromise the viability of rapidity stud-
ies, so that the locality of baryon number conservation can-
not be proven, the measured correlated production of of the
=~ and A favours large values of the popcorn parameter in
JETSET.

9 Event topology

The average charged particle multiplicity has been found
[14] higher in multi-jet (three or more jet) topologies than
in 2 jet events. From this measurement one might expect

3 Corresponding to 62%, 53% and 44% probabilities for correlated pro-
ductions respectively
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similar relative yields to be observed in strange particle
production. An additional topology dependent production of
strangeness could be expected given that additional strange
quarks are produced during the showering of hard gluons.

The definition of the jet multiplicity is biassed by the
choice of a) the recombination algorithm and b) the choice
of of the jet resolution parameter. Comparison between mea-
surements and theoretical predictions can be made for a spe-
cific algorithm and a range of values of the resolution pa-
rameter. The correspondence between hadrons and partons
has to be taken as that given by the hadronization model
built in the simulation. In Fig. 7 the jet multiplicities of the
hadronic events used in this analysis are compared with the
JETSET 7.3 parton shower prediction (tuned as in [9]) at
the hadron level. Both the JADE [15] and LUCLUS [2] re-
combination schemes were used for jet finding by varying
the values of their resolution parameters yg,; and djoin in
the range of 0.005 to 0.1 and 1.0 to 10 respectively. Only
charged particles were used for the jet definition. The ex-
tracted multiplicities have been left uncorrected for detector
effects. Instead, the detailed detector simulation was utilized
to treat the JETSET predictions identically to the real data
(this choice is dictated for the needs of the following anal-
ysis).

Each of the subsets of the Z hadronic decays which have
been categorized as 2 jet or multi jet events, was processed to
identify K°, A and =~ The K° were reconstructed through
their decay to "7~ with the same criteria as in our pre-
vious publication [6], while for the strange baryons, the re-
constructed samples of this analysis were used. The same
procedure was repeated on simulated hadronic events.

For each of these two event categories, the efficiencies
(integrated over the whole momentum region) were esti-
mated from the simulation as a function of the jet resolution
parameter. In these efficiencies are included the correction
factors coming from the unobserved kinematical regions.
The average production rates of the above particles per 2
jet and multi-jet event are shown in Fig.8 as a function
of the resolution parameters. The errors correspond to the
quadratic sum of the statistical error, the systematic error
due to the background estimation and the contribution of
the simulation statistics. The other systematic errors due to
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the kinematical extrapolation and branching ratios are 0.9%,
4.5%, and 5% for the K°, A, and =~ respectively but these
are not included in the above errors. The JETSET predic-
tions are shown as broken curves in the above figures. The
solid curves represent the JETSET values scaled to give the
agreement with the data for the total yield per hadronic Z
decay (see Table 4).

It has to be emphasized that in the jet finding procedure,
the migration of one topological category into another due
to detector effects has not been taken into account. However
in the trivial case where the migration probabilities are inde-
pendent of the strange particle production, the corrections to
the production yields are only functions of these migration
factors. In the opposite case where the existence of a strange
particle biases the migration probabilities, e.g. if the strange
particle production is enhanced in hard gluonic showers, the
correction factors must be evaluated as a function of the
kinematical parameters of the jets and the strange particle
species under study. To avoid such uncertainties, the JET-
SET predictions are referred to jet multiplicities found in the
same way as in the real data i.e. by employing the detailed
detector simulation. The non-scaled JETSET predictions of
the K° and A production are correspondingly higher than
the measurements for both jet topologies. Consequently, the
difference in the total production rate between JETSET and
the data cannot be assigned preferentially to one or the other
of the topological categories.
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There is a statistically significant depletion of the K°
measured yield in the 2 jet events relative to the scaled
predictions. This discrepancy is evident for very low jet
resolution values, for which the influence of details in the
simulation of the fragmentation and decay chains could be
important, but it is sizeable also at intermediate resolution
values (about six standard deviations for djoin=3 GeV and
more than three standard deviations for djoin=4 GeV). A
similar trend is shown in the A and =~ production. The
relative production rates of the K%, A and =~ in multi-jet
events with respect to the same production in 2 jet events
are shown in Fig. 9. The comparison of the above ratios be-
tween data and JETSET is independent of the scaling of the
JETSET prediction. The above figures also include the ra-
tio of the average charged particle multiplicities in multi-jet
relative to 2 jet topologies, extracted from our previous pub-
lication [14]. The ratio of the multi-jet to two jet topological
yields, for these hadrons, agrees within errors with the ratio
of the average charged particle multiplicity for these topolo-
gies. However, the above discrepancies with the JETSET
predictions are still seen, especially for the K® sample?. This
analysis finds that the production of strangeness depends on
the event topology in a manner that is not quantitatively
described by JETSET.

4 In Fig. 9a the 9¢,:=0.005 point lies outside the figure at a value of
3.31540.120
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The production at the Z resonance of the =, = (1530)°,
X(1385)* and X*, has been measured and the strangeness
production dependence on the event topology has been stud-
ied.

The differential momentum cross section of the =~ has
been found to agree within errors with the prediction of
the JETSET 7.3 hadronization model. More statistics are
required to draw any conclusions concerning the measured
momentum distributions of the other baryons studied in this
analysis.

The total average baryon production rate per Z hadronic
decay are found to be:

< E7 > =0.0250 & 0.0009 + 0.0021
< 2(1530)° > = 0.0041 & 0.0004 + 0.0004
< 3(1385)F > = 0.0382 + 0.0028 + 0.0045
< XF > =0.170 + 0.014 £ 0.061

A signal of simultaneous baryon number and strangeness
compensation is found by measuring the correlated produc-
tion of =~ and A to be:

<5 A+E7A>=0.0085 4 0.0018 = 0.0019

This correlated production rate favors large values of the
popcorn probability.

The relative production rate of the K%, A and £~ in
multi-jet events compared with their production in 2 jet
events gives the same ratio within errors as that for the aver-
aged charged particle multiplicities for these topologies. The
measured K topological yields diverge from the JETSET
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predictions at small resolution parameter values. However,
the corresponding results for A and =~ production, although
suggesting a similar trend, are consistent with the JETSET
predictions within errors.

Acknowledgements. We are greatly indebted to our technical collaborators
and to the funding agencies for their support in building and operating the
DELPHI detector, and to the members of the CERN-SL Division for the
excellent performance of the LEP collider.

References

1. For a recent review on diquarks, see for example M. Anselmino et al.,

Rev. Mod. Phys. 65 (1993) 1199.

T. Sjostrand, Comp. Phys. Comm. 27 (1982) 243, ibid. 28 (1983) 229.

G. Marchesini and B.R. Webber, Nucl. Phys. B238 (1984) 1.

P. Abreu et al. (DELPHI Collaboration), Phys. Lett. B275 (1992) 231.

P. Abreu et al. (DELPHI Collaboration), Phys. Lett. B318 (1993) 249.

P. Abreu et al. (DELPHI Collaboration), “Production Characteristics

of K° and Light Meson Resonances in Hadronic Decays of the Z”,

CERN-PPE/94-130 (August 1994), to be published in Z. Phys. C.

7. P. Aarnio et al. (DELPHI Collaboration), Nucl. Instr. and Meth. A303
(1991) 233.

8. DELSIM User’s Guide, DELPHI 89-15 PROG 130, CERN, February
1989.
DELSIM Reference Manual, DELPHI 89-68 PROG 143, CERN,
September 1989.

9. W. de Boer and H. Fiirstenau, IEKP-KA/91-07, Karlsruhe, 1991.

10. R. Fruhwirth, Nucl. Instr. and Meth. A262 (1987) 444,

11. Particle Data Group, Review of Particle Properties, Phys.Rev. D50,
Part T (1994).

12. P.D. Acton et al. (OPAL Collaboration), Phys. Lett. B291 (1992) 503.

13. P.D. Acton et al. (OPAL Collaboration), Phys. Lett. B305 (1993) 415.

14. P. Abreu et al. (DELPHI Collaboration), Z. Phys. C56 (1992) 63.

15. W. Bartel et al. (JADE collaboration), Z. Phys. C33 (1986) 23.

o R W



