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Abstract. The strangeness production program at the COSY-TOF experiment is discussed. The apparatus
is shown emphasizing the technique to measure delayed decays. Results obtained for the reactions pp —

K+ Ap and pp —» K°X*p are discussed.

PACS. 13.75.-n Hadron-induced low- and intermediate-energy reactions and scattering (energy < 10 GeV)
— 14.20.Gk Baryon resonances with S = 0 — 14.20.Jn Hyperons

1 Introduction

The main interest in the investigation of the associated
strangeness production in elementary reactions close to
threshold is to get insight into the dynamics of the pro-
duction. The questions especially concern the role of N*-
resonances and the hyperon-nucleon final-state interaction
which is known to be of special importance close to thresh-
old. To get to conclusive results precise observables are
needed, concentrating on exclusive data, covering the full
phase space.

2 Experimental setup

The external experiment COSY-TOF [1] is a wide-angle,
non-magnetic spectrometer. A cross-section is shown in
fig. 1. A few millimeters behind the very small liquid-
hydrogen target the start (inner) detector system, which
is optimized for strangeness production measurements, is
installed. The stop detector with a length of about 3m
consists of various scintillator detectors (quirl, ring and
barrel).

Except for small beam holes, the inner detector sys-
tem, as well as the outer detector system covers the full
angular range of the reaction products for the channels
pp = KtAp and pp — KOX+p. This allows a com-
plete reconstruction of the events, including a precise mea-
surement of the delayed decay of the A-hyperon and the
KO, respectively. A schematic view of the start detec-
tor system, consisting of the start torte (two layers of
wedge-shaped scintillators), a double-sided microstrip de-
tector and two scintillating fibre hodoscopes is shown to-
gether with events of the type pp — KT Ap (fig. 2) and
pp — K°XTp (fig. 3), respectively.
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Fig. 1. Cross-section of the COSY-TOF spectrometer.

3 Results

A particular focus in the investigation of the reaction
pp = K°X*p was laid on the search for the possible ex-
otic pentaquark resonance @1 for which evidence was re-
ported for the first time by the LEPS Collaboration [2].
Among other experiments COSY-TOF found evidence for
a peak at 1.53GeV/c® with a statistical significance of
about 40 in the K°p invariant-mass spectrum at a beam
momentum of 2.95GeV/c [3], which is shown in fig. 4.
To get to a final decision on the existence of the ®1 in
the investigated channel recently COSY-TOF performed
a measurement that will give results with a significantly
improved statistical accuracy.

The reaction pp — K%°Atp has been investi-
gated at several beam momenta between 2.5 GeV/c and
3.3GeV/c [4,5], that means from close to threshold up to
nearly the COSY limit for the external beam. For reac-
tions with more than two particles in the final state, as
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Fig. 2. Schematic view of the start detector with an event of
type pp — KT Ap.
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Fig. 3. Schematic view of the start detector with an event of
type pp — K°XTp.
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Fig. 4. K% invariant-mass spectrum of the reaction pp —
K°Y"p at a beam momentum of 2.95 GeV /c.
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Fig. 5. Model calculations using parametrization of Sibirt-
sev [7] without resonances (left), without FSI (middle) and
full calculation (right) for 2.95 GeV/c.

in the case of the reaction pp — KT Ap, Dalitz plots are
a powerful tool to extract information about the reaction
mechanism. Whereas pure phase-space leads to a homoge-
neous distribution of the strength, in particular resonances
should lead to significant deviations from this.

In fig. 6 (upper part) Dalitz plots for experimental
data at beam momenta of 2.95GeV/c, 3.20 GeV/c and
3.30 GeV /¢, respectively are shown. They obviously show
strong deviations from phase space. Monte Carlo simula-
tions show that higher partial waves influence the Dalitz
plot distributions only in a minor way. The strength co-
efficients of these partial waves have been extracted from
the experimental angular distributions, which show some
anisotropy for all three ejectiles. From theoretical work
and our previous investigations [4], it is most likely that
the observed anisotropy has its origin in the influence
of the pA final-state interaction and/or N*-resonances.
To obtain more insight into the various contributions,
the data were compared with a model parametriza-
tion prepared by A. Sibirtsev [6], which includes the
N*(1650, 1710, 1720)-resonances, a non-resonant term and
the pA final-state interaction on the amplitude base (see

eq. (1)):

d%o
3 3 =
deAdmp/1
2

f1 (1)

<Z(CR -Agr) + CN) -(14+Crsr-Arsi)

R

The quantity fl gives the normalization to the total
cross-section, ¢ is a phase-space factor. The third factor
gives the deviation from an equally distributed Dalitz plot.
Ap are the amplitudes of the Breit-Wigner-shapes of the
three considered N*-resonances. Arpgy denotes the am-
plitude of the pA final-state interaction as given by the
Juelich Y N-model [7]. The strength of the individual res-
onances Cg, of the non-resonant contribution Cy (which
includes the kaon exchange) and of the pA final state Crsr
can be adjusted individually. For illustration the results
of the model, obtained without resonances (“only FSI”),
without FSI (“only resonances”), and the full calculation
(“full model”) are shown in fig. 5. Obviously only the full
model can reproduce the data (see also fig. 6).
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Fig. 7. Contribution of N*(1650) compared to the sum of
N*(1710) + N*(1720) as a function of the beam momentum.

The strengths of the various contributions were ad-
justed individually to achieve a best fit for the various
Dalitz plots. The results are shown in fig. 6 (lower part).
The data are well described by the model fits. The ob-
tained reduced x2-values are between 1.4 and 2.0. The
most interesting result is that the strength of the contri-
bution of the N*(1650)-resonance compared to the sum of
the contributions of the N*(1710) and N*(1720) changes
dramatically with the beam momentum. This is shown in
fig. 7. The given bands correspond to a 3o-error interval of
the extracted strengths of the resonances. The amplitude
of the non-resonant contribution is smaller by a factor of
about ten compared to the sum of the three contributing
resonances. The influence of the pA final-state interaction
is significant even for the highest momentum; within er-
rors is the corresponding amplitude independent of the
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Dalitz plots of the reaction pp — KT Ap; data (upper) compared to model fits (lower).

beam momentum. From these results it has to be con-
cluded that there is a dominant exchange of non-strange
mesons. Only these are able to contribute to the observed
leading mechanism via N *-resonances.

4 Summary and outlook

The COSY-TOF experiment is well suited for hyperon
production experiments.

A final decision on the existence of the @T should be
possible by using the extended data set of the reaction
pp — K°X*p, which is analyzed at the moment.

For the reaction channel pp — KT Ap a strong influ-
ence of N*-resonances was observed.

Data with much larger event samples, which are under
investigation, will allow to study the resonance parameters
in detail and to search for unknown resonances. In this
context the inclusion of other reaction channels accessible
through np-reactions by the use of a deuterium target,
and the use of a polarized beam, which have already been
started (tested), will be of special importance.
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