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First results of the COSY-11 collaboration are presented in this paper.
The motivation for the investigation of meson production is discussed. The
description of the COSY-11 experimental apparatus, including the method
of particle identification and luminosity monitoring will be shown. Prelim-
inary results of first test measurements for the production of (*7~), 5,7/,
and (K+K~) mesons in the p + p interaction will be given. Furthermore,
the results of a test for the pp — pK A reaction is presented.

PACS numbers: 13.60. Le

1. Motivation

The proton—proton system was chosen for the investigation of the nucleon—
nucleon and nucleon-meson interaction, because it is the most elementary

* Presented at the “Meson 96”7, Workshop Cracow, Poland, May 10-14, 1996.
(2911)
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Fig. 1. (a) Quark diagram of the meson(s) in the p+p collision. Direct (b) and
resonance (c) production models of the 7 meson.

hadronic system in the entrance channel available at COSY. The initial state
is prepared in such a way, that the creation of meson(s) with very small en-
ergy excess is possible (see Fig. 1a). Therefore, in the theoretical description
of the final state interaction (FSI) only few partial waves contribute.

Starting from Ecgms > 300 MeV new ¢g pairs can be created. At the
COSY-11 installation, the production of mesons ranging from 7° up to the
@ can be investigated.

The first measurements were performed for the n meson production,
since due to its large production cross section, we can learn not only about
the 7 structure, but also test and calibrate our experimental apparatus.
The 7 meson may be produced either in a direct emission from one of the
incoming protons (Fig. 1b), or through the excitation of the S;; resonance
caused by the exchange of p or w mesons {Fig. 1c). The proton-proton FSI is
rather well known and can be included in the theoretical interpretation, but
for the extraction of the amplitude for the n-proton FSI further experimental
data are needed.

In the case of the 7’ meson, the possible resonance involved in the pro-
duction could be the D;3, but due to its spin of 3/2 this mechanism is
suppressed close to threshold. So, the direct production mechanism seems
to be the dominant one. However, till now there are no data concerning the
production of %’ mesons in p + p collisions, except the prediction given in
Ref. [1] according to which the cross section o(pp — ppn’) is two or three
orders of magnitude smaller than o(pp — ppn).

The w meson is a mixture of nonstrange quarks u@ and dd, while the
@ meson is almost a pure s3 state. Therefore, according to the OZI rule,
the probability for w meson production should be about 10 times larger
than in the @ meson case. In contrast, latest results at SATURN [2] show
that in the p + d interaction, the ratio of w/® production is only 16 £ 1. A
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Fig. 2. (a) The structure of the f; meson is still under discussion. Numbers 1-5
refer to the chosen beam momenta. (b) Quark diagram for the production of the
d’ dibaryon.

measurement of this ratio in the p + p interaction is important. Results of
such measurements could give some insight into the supposed presence of
s5 quarks in the proton state.

In case of the scalar meson fjy it is still an open question, whether it is a
KK molecule or whether a ¢g or 2¢27 state. The mass plot of the fo meson
from the Particle Data Group is shown in Fig. 2a. By measuring a p+p
induced excitation function throughout the fy mass region, answers to this
questions are expected.

Turning to more exotic states, the observation of the predicted [3] dibaryon
state d’ is planned (Fig. 2b). Its expected mass is 2.06 GeV, width of
0.5 MeV and isospin odd, with the lowest possible decay channels of d’

= (ppr~), (pn7®), (nnrt).
2. The experimental setup and the method of detection

The proton beam is accelerated in the synchrotron COSY Jiilich [5]. The
available beam momentum ranges from 0.3 up to 3.4 GeV/c, Ap/p < 1073,
emittance of ¢ = 1.7 mm mrad and intensity up to few times 10'® parti-
cles/sec.
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An internal cluster target has been installed in front of a normal C-type

COSY bending magnet. The diameter of the hydrogen cluster beam is 9 mm
2. The overall obtained luminosity

with a density of up to 10!* atoms/cm

has been about 103° ¢cm—2 51,
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Fig. 3. The reconstruction of the four-momentum of an ejectile
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Fig. 4. Perspective view of the COSY-11 setup. There are shown particle tracks
resulting from the Monte Carlo simulation of the reaction pp — ppK+K~ at a

beam momentum of 1 MeV/c above threshold.
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In order to reconstruct the four-momentum vectors of the produced
charged particles we use a system of magnetic field, drift chambers and
scintillators. As shown schematically in Fig. 3, a charged ejectile is de-
flected in the dipole and detected in the drift chambers. The momentum
vector p'is reconstructed from backtracing through the magnetic field. Two
fast scintillators measure the time of flight (TOF) and enable the mass
identification (see also Fig. 5a). For each reaction we measure a sufficient
number of observables to determine its kinematics completely. Details of
the COSY-11 setup are described in [4]. A perspective view is shown in
Fig. 4.

The COSY dipole is used not only for the momentum determination, but
primarily to separate reaction products from the proton beam. Therefore,
the COSY-11 system is working as a 0° facility. The two drift chambers
D1, D2 consist of 14 planes with an active area of 180 x 40 cm?. A track
is detected in each plane with a resolution of 0.3 mm. The segmented
scintillator S1, located behind D2, acts as a start detector for the TOF
measurement. The scintillator wall S3 (220 x 100 cm?), positioned 9 m
downstream, serves as a stop detector. The silicon detector is installed
inside the dipole gap for the detection of negatively charged ejectiles.

3. Calibration

The COSY-11 facility is in operation since April 95. An example of the
excellent particle identification for 2-track events is shown in Fig. 5a. The
invariant mass (m = | §'[/B7) of the first track is plotted versus that of the
second one. A very good separation of p—p and w—p events is visible.

The simultaneously measured p+p elastic scattering is used for the
determination of the luminosity. One elastically scattered proton is de-
tected in the S1 scintillator, the other one in the additional silicon counter.
The solid angles of the detectors were determined by means of Monte-Carlo
simulation. Measured angular distributions were normalized to the exist-
ing experimental data or the phase space parameterization of SAID [6]. As
an example, four points of the angular distribution, measured with a beam
momentum of 1.993 GeV/c, are shown in Fig. 5b. The error in the de-
termination of the luminosity is less than 5%. The measured shape of the
differential cross section agrees well with the prediction of SAID, this proves
the reliability of the applied method.
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Fig. 5. (a) — Particle identification for 2-tracks events. The smaller invariant mass

is on the y-axis, the larger one on the z-axis. (b) — The p + p elastic scattering is

used for the determination of the luminosity. The vertical bars correspond to the

statistical error, the horizontal ones to the bin size.

4. Results

pp = pprtw”

The study of the #*7~ meson production was performed at various
beam momenta: below, between and above the 27° and #tn~ production
thresholds. Two protons were detected in coincidence, the obtained missing
mass spectra are shown in Fig. 6a.

The statistics was very low and no significant enhancement in the 7tz ~
region was observed. Therefore, only an upper limit of the cross section for
mtm~ production was estimated (Fig. 6b). These results [9] are in agreement
with other experimental measurements (7, 8], extrapolated to the threshold
region according to the phase space volume [10].

PP — ppm

The production of 77 mesons was measured at the beam momentum of
1.993 GeV/c, i.e. at Q = 3.8 MeV. The missing mass spectrum, corrected
due to the acceptance of the COSY-11 detectors, is shown in Fig. 7a. The
enhancement in the region of the n mass is obvious. No such structure is
observed in the similar spectrum (Fig. 7b), measured below the 7 meson
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Fig. 6. Measurements close to the 7+ 7~ threshold, (a) missing mass spectra for
different beam momenta, (b) measured cross section compared with world data.

production threshold. The resulting total cross section for the 7 production
is 0.9+ 0.25 ub. Our values agree well with other measurements [11-13], as
shown in Fig. 8.
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Fig. 7. Missing mass spectra for p(p, pp)X measurements, close above 7 threshold
at @ = 3.8 MeV (a) and 0.7 MeV below threshold (b). The acceptance of the
COSY-11 detectors is already corrected. Vertical bars depict the statistical error.
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Fig. 8. Cross section for pp — ppn reaction. The COSY-11 point (black box) is
consistent with results of Calén (A), Chiavassa (x) and Bergdolt Diamond). The
following errors are included in the vertical bar: statistical of 3 %, background
subtraction of 20%, acceptance of 20% and luminosity of 4.5%. The horizontal bar
depicts uncertainty of the determination of the COSY beam momentum.



Meson Production in p + p Inferaction at Threshold 2919

pp — ppn’

Only a test measurement of the 7’ meson production was performed
slightly above its threshold, at Q = 1.3 MeV. In the missing mass spec-
trum (Fig. 9a) we can see an enhancement at the 7 mass region, which is
not present on the spectrum measured below 7’ threshold (Fig. 9b). Since
spectra a) and b) are normalized to each other, the number of the 7' events
was estimated to 50 counts. Up to now, the luminosity has not been deter-
mined accurately, however, a preliminary estimation of the 5’ production
cross section is in the order of 1 nb.
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Fig. 9. Missing mass spectra for p(p, pp) X measurements, close above 5’ threshold
at ) = 1.3 MeV (a) and 1 MeV below threshold (b).

pp - ppK K~

The investigation of K+ K~ correlation is one of the main goals of the
COSY-11 collaboration. Measurements were performed at different beam
momenta (see Fig. 2a). Preliminary spectra of p(p,ppA)B events have
been shown in Fig. 10a. The invariant mass of the particle A is on the
y-axis, the corresponding missing mass of two protons on the z-axis. The
p(p, ppK*)K~ events are localized around z = (mgy +mi_)?, y = m%ﬂ_.

Selected events with the third particle identified as a K¥ (the area be-
tween dashed lines in Fig. 10a) were plotted in Fig. 10b. The missing mass
of the (ppK*) subsystem (i.e. mass of B) is plotted versus the invariant
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mass of K*. The p(p,ppK*)K~ events are localized around y = m%_,

2
r = mK+.
The preliminary number of reconstructed pp — ppK+ K™ events is 6,
leading to a produc>tion cross section of 0.1 nb.
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Fig. 10. The p(p, ppA)B events measured at a beam momentum of 3.308 GeV/c.
The smallest box corresponds to a single event. a) The invariant mass of A is
plotted vs. the missing mass of two protons. b) Subset of p(p,ppK*)B events.
The mass of the unmeasured particle B is plotted versus the invariant mass of Kt.
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Fig. 11. The p(p,pA)B events measured at beam momentum of 2.345 GeV/c. a)
The invariant mass of the particle B is plotted on the y-axis. The missing mass
of the (pK*) subsystem is on the z-axis (assuming, that A = K*). The largest
box corresponds to 10 events. b) Selected events from the area between the dashed
lines in Fig. a).
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pp = pK*TA

The measurement slightly above the threshold of the pp — pK* A reac-
tion was originally foreseen only as a test for the kaon identification tech-
nique. A very clean set of 60+10 events of p(p, pK*+)A was reconstructed.
In the analysis we search for two track events with the first one identified
as a proton. The well separated island in Fig. 11a corresponds to these
events. The preliminary value of the cross section is 10 nb (4 factor 2).
This seems to be somewhat larger than the extrapolation of measurements
at higher beam momenta (2.8-3.8 GeV/c) given by [14], extrapolated to the
threshold according to the volume of a phase space.

5. Conclusions

The COSY-11 experiment is in operation since April ’95. Up to now,
first test measurements close to the reaction thresholds of the production
of various mesons, were performed. For several reaction channels more
detailed measurements concerning the statistics as well as the study of exci-
tation function are planned, in order to investigate the underlying physical
questions. The table below summarizes our achievements and plans for the
near future.
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