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1. Physics

The COSY-11 installation was designed for a high precision study of meson production reac-
tions in the vicinity of the production threshold in order to investigate the hadronic interaction
between mesons and baryons in an energy domain where the perturbative description with the
quantum chromo dynamics (QCD), the theory relevant for the strong interaction, is not ap-
plicable?.

At relativistic energies the strong interaction can be well described by free quarks and
gluons and their interaction can be considered as a small pertubation which allows a straight-
forward calculation. When reducing the energy this picture is not valid any more due to the
self interaction of the exchange bosons of the strong force the gluons. At energies below
a few GeV, the region to be investigated at COSY, the relevant degrees of freedom are the
color neutral confined quarks: thgq) pairs - the mesons, and 3 quarks systegug)(- the
baryons, and their interaction can be described by meson exchange. A reasonable under-
standing of these interaction processes including the possible influence of quark degrees of
freedom requires very precise measurements of the most elementary system reduced to a low
number of reaction mechnisms which is given by hadron-hadron induced meson production
close to threshold where the number of contributing partial waves are very much reduced
limited mostly to pure s-wave processes.

Meson production studies in the hadron—hadron interaction at threshold began in the
fifties when sufficient energies of accelerated protons were available. A strong interdepen-
dence between developments in accelerator physics, detector performance and theoretical un-
derstanding led to a unique vivid field of physics. Early experiments performed with bubble
chambers revealed already typical ingredients of threshold studies, which were superseded
by more complete meson production investigations at the nucleon beam facilities TRIUMF,
LAMPF, PSI, LEAR and SATURNE. With the advent of the cooler rings as IUCF, CELSIUS
and COSY the field was entering a new domain of precision and the next step of further
progress. COSY-11 devoted its research just to this field. The analysis of such data in the
short range limit permits a more fundamental consideration and a quantitative comparison of
the production processes for different mesons in the few—body final states. The interpretation
of the data takes advantage of the fact that production reactions close—to—threshold are char-
acterized by only a few degrees of freedom between a well defined combination of initial and
exit channels. Deviations from predictions of phase—space controlled one—-meson—exchange
models are indications of new and exciting physics. Precision data on exitation functions,
differential cross sections, isospin and spin observables were taken by a few experiments,
especially by the COSY-11 collaboration, where a comprehensive overview of this field of
hadronic threshold production studies will be given in the proceedings to this meeting and
references therein.

The complexity of the hadronic structure is one of the actual and topical fields of physics
concerning the microscopic scale. Different, complementary as well as competing experi-
mental approaches are used to attack the challenge of the hadronic spectroscopy.

A detailed understanding of the strong interaction dynamics on the symmetries of QCD

1This chapter is based upon the Prog. Part. Nucl. Phys. 49 (2002) 1, and references therin
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6 Physics

is a fundamental aim of hadron physics. At high energies the QCD serves as a reliable
theory whereas at low energies non—perturbative QCD phenomena must be investigated. Here
calculations are performed in an effective field theory of hadrons represented by the chiral
effective Lagrangian, a theory of Goldstone bosons coupled to the octet of baryons and vector
mesons. The QCD Lagrange function is written &8cp = q (iy"oy— M) g + Lgjuon +
Lquark—gluon , Whereq describes the column vector of the quaunks, s, ¢, b, t with each of them
represented by a spinor, analogous to the Dirac equation forl?‘pieetrons. At energies in

the few GeV range only the first three quarks are of any relevéshcepresents the diagonal

of the matrix for the quark current masses. Data of high quality and precision on hadronic
processes at low and intermediate momenta are necessary in order to verify the systematic low
energy expansion of the Chiral Perturbation The®T), which has already enforced an
important insight into the structure and dynamics of nucleons and mesons.lItis known that the
current masses of the lightest three quarks are significantly smaller than the typical hadronic
energy scale, represented by the proton maseyct 1GeV/c2. This is the reason why in

first order the quark masses of the light quarks are neglected in theoretical considerations
and the spin% fields can be separated into two independent left— and right—-handed parts,
reflected by the chiral symmetry. The QCD Lagrangian separates into two identical images:
Loco[, 9] = Loco [Qreft, dieft] + Locp [Cright , Cright -

Left-handed quarks do not communicate with right—-handed quark@emdersa There
is no Lorentz transformation which can change the handedness of a mass—less quark or par-
ticle. This symmetry of the Lagrange function is not the symmetry of the spectrum of the
particles since otherwise each hadron should have a partner of equal mass but inverted par-
ity. Consequently there would be a second proton with negative parity which does not exist.
There are no parity—doublets in the spectrum of the strong interacting particles and therefore
the symmetry is spontaneously broken. Due to this breaking the mass—less so—called Gold-
stone bosons, the pseudoscaadk andn mesons appear. The restriction of the interaction of
these particles among each other and with other hadrons can be used to analyze consequences
of the chiral symmetry and its breaking in the framework of an effective field theory.

In reality the lightest hadrons — the Goldstone bosons — are by no means mass-less,
which can be understood by an explicit breaking of the chiral symmetry including a term for
the quark masses. For each massive Fermion there exists a Lorentz transformation which
transforms a left—-handed to a right—handed field. The effect of this explicit breaking now
can be treated perturbatively since the masses of the light quarks are much smaller than the
typical hadronic mass.

Predicting the low—energy properties of nuclear and particle physi€E,plays an im-
portant role in understanding hadron physics in the non—perturbative regime. Therefore it
is very important to know the properties of the mesons, their structure and interaction in
the hadronic environment. The physics program at the medium energy hadron accelerators
was and is focusing on studies of the production and the decay of light mesons and baryon
resonances and the conservation or violation of symmetries.

COSY-11 studied the production of mesons and meson pairs at threshold with the ques-
tions depicted by the interaction view of figure 1.1 where in the nucleon—nudidgngcat-
tering a mesorX is created in a one—boson—exchange model. For the particular case the
questions have to be answered: how is the distortion of the inciddhwaves (ISI) in-
cluded, which mesons contribute to the exchange process, is there an intermediate baryon
resonance, how significant are rescattering contributions of the exchange mesons and what is
a reasonable treatment of thilN andN X final state interactions (FSI)? Especially for the
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NN-interaction the FSI is crucial because of the nearby poles in the S—wave amplitudes cor-
responding to the deuteron bound state inf®echannel or théS, virtual state.These poles

and the phase—space factors tend to determine much of the energy dependence of the total
cross section for meson production. Furthermore, in any region where these poles dominate,
it is possible to link quantitatively meson production in cases where the two nucleons emerge
separately or as a bound deuteron state.

NN — NN X

ISI

12q-k

Figure 1.1: Diagrammatic view of the one—boson—exchange meson production process. Produced me-
son =X, nucleon momentum B, meson momentum &, relativeNN momentum = &.

Even at threshold, the reaction mechanism of the basic process for the interrelation be-
tween real pions and virtual exchange meson currents is still not fully understood. Though
first data suggested that s—wave pions were produced in a heavy—meson—exchange process,
later measurements resulted in an interpretation of an interference among transition ampli-
tudes as Ss, Ps, Pp, Sd and Ds, where the capital letter indicatebltfieal state wave and
the small letter the angular momentum between the two nucleons and the meson produced. In
addition, it has been concluded that for higher partial waveschange rather than a heavier
meson exchange is more significant.

Double meson production processes with both mesons being either identicat’f@.aqr

KOKO) or different (e.grtn) are in principle similar to the single ones, however, the possibly
associated baryon resonances as intermediate states differ significantly.

As long as only S—wave processes are involved, which is the privilege of threshold production
studies, scattering length and effective range approaches are used to describe the interaction
sign and strength.
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In case of strong attractive interactions a distinction between the final state scattering and the
formation of a baryonic resonance leading to bound or quasi—bound states cannot be made
uniquely. Such investigation have been studied by COSY-11.

Threshold production experiments are characterized by excess energies which are signif-
icantly smaller than the produced masses. Consequently, in fixed target experiments the
momenta of the final state particles transverse with respect to the direction of the incoming
beam are small compared to the longitudinal components. Thus, ejectiles are confined to a
narrow forward cone in the laboratory system around the centre—of-mass movement and —
close—to—threshold — an experimental acceptance covering the full solid angle is feasible
with comparatively small dedicated detector arrangements as COSY-11.

Small relative momenta in the final state effectively limit the number of partial waves con-
tributing, simplifying the theoretical interpretation of experimental results. As first described
by Watson, with two strongly interacting particles in the final state, the energy dependence
of the total cross section close—to—threshold is essentially determined by the (three—body)
phase—space and the energy dependence of the on—shell final state interaction (FSI). Due to
small relative velocities FSI effects are inherent to the experimental observables. Thus, the
interpretation of data in terms of reaction dynamics requires a correct treatment of both ini-
tial (1SI) and final state interactions. On the other hand, FSI effects might provide access to
low—energy scattering parameters, which are difficult to obtain otherwise in case of unstable
particles.

Meson production at threshold implies high momentum transfers in the rang@7d®6V/c

to 1.10 GeV/c forr® andg meson production, threshold production probes with correspond-
ing distances between3Bfm and 018 fm the short range part of the nucleon—nucleon inter-
action. Consequently, the energy dependence of the primary production amplitude is expected
to be weak, motivating Watson’s approach.

Theoretical studies have been carried out mainly within the framework of hadronic meson ex-
change models, i.e. with baryons and mesons as effective degrees of freedom. Chiral pertur-
bation theory has been applied for the description of datammoduction close—to—-threshold.
However, in view of the characteristic distances mentioned above, QCD inspired models with
constituent quarks and gluons or instantons as relevant degrees of freedom, might turn out
to be appropriate. High quality exclusive data on close—to—threshold meson production in
the energy range of non—perturbative strong interaction physics will be crucial for exploring
the boundary between effective meson exchange models and (so far phenomenological) ap-
proaches based on quark—gluon degrees of freedom.

It seems that thgPT is of limited value once strangeness is involved in the hadronic systems
and non—perturbative coupled—channel considerations bey®hdare presently available.

High quality data on the mesom,(,n’,w,K™,K™) production at threshold have been and

are being produced at the hadronic beam cooler rings using the baryon numiZ&stems
(essentiallyppandpn) as studied by COSY-11. A comparison of the meson productioninthe
fundamental process to productions on heavier nucleons would give constraints to eliminate
uncertainties in the basic interactions. As outlined by W. Weise and U.—G. Meil3ner, precise
measurements of such processes set the necessary constraints for the effective Lagrangian of
low—energy QCD with strange quarks. Its detailed knowledge has impacts on several other
important issues, such as the strange quark content of the nucleon.
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Figure 1.2: Proton—proton cross sections for different reactions of the light meson production in the
threshold region. For comparison also the total and elastic cross sections of proton—proton scattering
are shown.

Total cross sections of the meson production are very small in the threshold region down
to eight orders of magnitude compared to the total yield. Due to the rapid growth of the
phase—space volume they increase by orders of magnitudes in a few MeV range of excess
energy. This implies that investigations of the near threshold meson production requires
a precise determination of the beam momentum as well as of the momenta of ejectiles.
Such studies have been made possible only due to the low emittance and small momentum
spread proton beams available at the storage ring facilities. Figure 1.2 demonstrates thresh-
old production measurements of light mesons in the proton—proton interaction, COSY-11
contributed significantly to these data.
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2. Detection system

In this chapter we will present the main parts of the COSY-11 detection system with a
general overview of it as displayed in figure 2.1.

see Figure_11
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Figure 2.1: A drawing of the COSY-11 facility for close-to-threshold measurements

The COSY beam enters into the experiment from the bottom, it passes between the silicon
detectors (Sheg and hits the cluster target where the reactions occur. The beam continues
through the dipole magnet and proceeds into the COSY beam pipe. Reaction products (here
two protons) exit through a thin window and are registered in drift-chambers (D1, D2, D3 or

11



12 Detection system

D4) and scintillation counters (&, S1 — S6, V). Inside the dipole magnet are silicon pad and
scintillation detectors (i, S5). For neutral particles the veto (V) and the scintillator lead
sandwich (N) detectors are installed. The two detectors S4 apd &rve for monitoring of

the luminosity and of the beam-target overlap via elastic scattering.

A photo from the early stage of the experiment is shown in figure 2.2 and can easily be
compared to figure 2.1.

Figure 2.2: The COSY-11 detection system, showing the arrangement for the cluster target (bottom,
right) the regular COSY dipole magnet (center, left) and the drift chambers and the scintillation detec-

tors (top, right).
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The COSY-11 facility was designed for close-to-threshold reaction studies where the
relative momenta between the reaction particles are very small and all particles are focussed
into a narrow forward cone resulting in a high detection efficiency achievable by still using
rather small detection systems.

There is a special interest in the near threshold region because the final state interaction
between the outgoing reaction products is best visible and the contributing partial waves are
strongly limited mostly to pure s-waves which simplifies the theoretical description.

Due to the very strong energy dependence at threshold it is important to have a precise
knowledge of the beam momentum and a very good momentum resolution of the beam

particles.

COSY-11 was an internal magnetic spectrometer using a COSY machine dipole to separate
the charged reaction products from the circulating beam. A photo taken during the installa-

tion work of the experiment COSY-11 is shown in figure 2.3.

Figure 2.3: The special COSY-11 vacuum chamber during installation.

As a target a very thin (%0 atoms/crd) beam of clusters of up to 20atoms was
developed. The energy loss of the COSY beam circulating through such thin target could be
compensated by the stochastic cooling system of COSY which guarantees a precise beam
momentum over the whole measurement cycle. The design of the COSY-11 target was
based on comparable targets operating at CERN with the typical structure of a cluster source
unit where the target-gas is pre-cooled, passes a nozzle and clusters in the nozzle exit; the
clusters cross the COSY beam and finally are caught in a cluster—beam dump attached to
the accelerator vacuum via a sequence of differential pumping stages. Figure 2.4 shows the
compact construction of the cluster target arrangement.

The gas load appears at both ends of the system but several pumping stages separated by
small apertures reduce the gas load for the ultra high vacuum of the accelerator to a very
small level. Only the gas clusters can be transported from the cluster source to the dump
since — due to their large mass — they are not scattered out of the cluster beam direction when
hitting a gas particle. At COSY we had severe space limitation for the target. The equipment
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had to fit into a gap of about 30 cm and therefore the concepts with other cluster targets with
huge turbomolecular pumps could not be used. However, with the development of special
cryopumps the COSY-11 cluster target could be realized.

Figure 2.5: The COSY-11 vacuum chamber during construction at the ZAT of the Research Center
Julich.

In order to optimize the performance a special vacuum chamber was constructed and is
shown in figure 2.5 with an increased free height compared to the standard COSY dipole
chambers. The reaction products should leave the vacuum system as undisturbed as possible.



Detection system 15

Therefore the vacuum chamber was equipped with an exit foil made of carbon fiber and a
thin aluminum foil at the inside over the full length of the dipole (about 2 meters) without
any support. The chamber was fixed to the dipole which was not straight forward because the
ramping of the magnet changes slightly the gap height. All these effects were investigated in
detail before the final solution was realized.

Figure 2.6: Three different views of the drift chambers, front and side view before installation (top),
after installation next to the COSY dipole (bottom).
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The main component of the detection system were two drift chamber sets with 6 and
8 layers of vertical and inclined wires. Three views of the drift chambers are shown in
figure 2.6. The achieved position resolution was about f@dn horizontal and 20Qm
in vertical coordinates which transfers to a missing mass resolution of less than 300 keV
FWHM for e.g. then-meson production. The chambers have been operating during the full
measurement period of 15 years without any repair due to broken wires or any other problems.
For special reaction channels an additional chamber with a hexagonal cell structure — which
is nearly insensitive to magnetic fields — was positioned close to the exit foil of the magnet.
Because the material budget in the way of the particles has to be as small as possible the
chamber was designed with a fork structure without supports and is shown in figure 2.7.

JiTne
i‘lluﬂnmuu- n

\_

Figure 2.7: Drift chamber with a hexagonal cell structure in front of the COSY dipole.

For the reconstruction of the momenta of the ejectiles the tracks of the particles are back-
tracked from the drift chambers to the target through the realistic dipole field which was
measured in 3 dimensions and included in our data analysis software. The target diameter
was typical 9 mm which limits somewhat the precision in the reconstruction. When a higher
precision was requested (as it was the case for the determination of the widtmbfikeon)
smaller target dimensions could be adjusted, increasing resolution according to expectations.
To select candidates for desired events already on the trigger level, various scintillation de-
tectors were installed. Behind the drift chambers was a hodoscope, named S1, consisting of
17 scintillator bars with a width of 10 cm each, readout on both sides, as shown in figure 2.8.
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Figure 2.8: The COSY-11 hodoscope before installation consisting of 17 scintillator bars and readout
on both sides.

Because the trigger did not only include the multiplicity but also the signal amplitude
an electronic unit was developed to sum up the upper and lower photomultiplier signals of
the individual modules which then provides energy loss information independent of the hit
position. The same concept was used for a second scintillator hodoscope with 16 smaller
strips of 1 cm width positioned directly behind S1 in the region where the outgoing particles
were expected to be very close together. For the particle identification a time-of-flight
method was used with a stop scintillator (S3) installed nine meters apart from the S1 counter.
Here another concept was followed. It consisted of one large scintillator wall 2<21nm
which was observed from the rear by 217 photomultipliers, as shown in figure 2.9. The PM’s
were not directly coupled to the scintillator but there was a small gap such that only photons
within a forward cone, i.e. the direct photons which went straight into the direction of the
PM'’s were measured. Such solution permitted to achieve an optimal time resolution.
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Figure 2.9: The COSY-11 large scintillator wall (S3, "AMADEUS") before installation (left: rear
view) and at COSY-11 (right: front view).

In the dipole gap there was no space for tracking detectors for negatively charged particles
but at least a silicon pad detector could be installed combined with a scintillator. Part of this
detector is displayed in figure 2.10.

Figure 2.10: One module of the COSY-11 silicon pad detector consisting of 144 independent detection
units.

It determines the position of a charged particle within a binning of a few millimeters and
drastically reduces the background in #iéK ~ production studies.

Other detector components were used for special purposes like a system of scintillator and
proportional wire chambers in forward direction above and below the vacuum chamber to

measure the luminosity and determine the polarisation during measurements with polarized
beam. For investigations where neutrons were produced in the reaction using a deuteron
beam or a deuteron target a neutron detector (shown in figure 2.11) consisting of alternating
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lead and scintillator sheets was developed covering a small forward cone behind the dipole.

Figure 2.11: The detector for neutral particles at COSY-11.

Furthermore an array of Si-pad detectors was mounted inside of the vacuum chamber
surrounding the target point to measure the spectator protons in reactions on a neutron. This
detector is displayed in figure 2.12 and was given to COSY-11 by Tord Johansson from the
Uppsala University.

Figure 2.12: The array of Si-pad detectors surrounding the target region.

A more detailed description of the detector components and performance can be found
in our publication:"COSY-11, an internal experimental facility for threshold measure-
ments” Nucl. Inst. & Meth. A 376 (1996) 393s well as in the Diploma and PhD theses
prepared at COSY-11 and listed in this booklet.
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3. Methods

In course of the close to eleven years of experiments at COSY-11 many different methods
were developed in order to fully identify the reactions under investigation. In this chapter

we will briefly give account on the techniques of the unique determination of the registered

particles.

Time-of-flight, energy loss, tracking in the magnetic field

Positively charged ejectiles were identified by independent measurements of their mo-
menta and velocities or momentum and energy losses. Neutrons and gamma quanta were
identified via indirect measurements of their velocity vectors and spectator protons by mea-
surements of their kinetic energies and directions of motion.

For all reactions with a production of mesons like epg.— ppXordp— dpXthe charged
ejectiles were separated from the circulating beam in the magnetic field of the dipole. For
these reactions the hardware trigger, based on signals from scintillation detectors, was ad-
justed to register all events with at least two positively charged particles. Tracking back the
trajectories from the drift chambers through the dipole magnetic field to the target point al-
lowed to determine the momenta of the particles. Having the momentum and the velocity
of one particle, the latter measured using scintillation detectors, it is possible to identify the
mass of the particle. As an example, figure 3.1 shows the squared mass of two simultane-
ously detected particles for thep — ATB*X (left panel) and thelp — ATB*X reaction

(right panel). Measured reactions can be grouped according to the type of ejectiles. The reac-
tion with two protons, proton and pion, proton and deuteron, pion and deuteron and two pions
were separated very clearly. Inthe above example the velocities of protons, deuterons and pi-
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Figure 3.1: Left: Squared masses of two positively charged particles measured in coincidence in the
pp— ATBTX reaction.Right: Squared masses of two positively charged particles measured in coinci-
dence in thelp— A*B*X reaction. The size and colours of boxes correspond to the number of entries
expressed in logarithmic scale.
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ons were determined from the time-of-flight between the S1 and S3 scintillation hodoscopes.
However, in the case of particles with a significantly lower lifetime (¢&g.mesons), most

of them would decay between the detectors rendering this method inefficient. Therefore, for
kaons the velocity was determined from their time-of-flight between the target and the S1
detector. Here the time when the reaction took place at the tdsy&tds derived from the
measurement of velocities and trajectories of the associated particles registered in the scintil-
lation hodoscopes S1 and S3. The velocity Kffameson is than given by the time difference

of tg and the time measured by the S1 detector. An example of a spectrum is presented in
figure 3.2 (left). Similarly, particles registered by the drift chamber D4 are identified via an
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Figure 3.2: Left: Invariant mass distribution for events with three reconstructed tracks. Between the
maxima from protons and pions a signal from Kie meson shows ugRight: Dependence of the time
of flight on the magnetic rigidity for particles registered in the drift chamber D4. The time of flight was
measured between the target and the scintillation hodoscope installed behind the D4 chamber. Lines
indicates expectations for protons and deuterons. A significant enhancement of the yield of the protons
is due to the spectator protons from the quasi-free neutron-proton reactions.

indirect determination of the time-of-flight between the target and the scintillation hodoscope
S6. The momenta of particles registered in the D4 drift chamber, analogously as in the case
of objects measured in the drift chambers D1 and D2, are established by the reconstruction of
their trajectory in the magnetic field of the COSY dipole to the known reaction point. An ex-
ample of a spectrum is presented in figure 3.2 (right). In the case offfieaiuclei and slow
protons the identification was based on energy losses in the scintillator and semi-conductor
detectors, respectively. The slow protons from the deuteron target were registered in the sili-
con pad detector installed close to the target, backward to the beam direction. Two layers of
the spectator detector permitted to measure the kinetic energy of protons from 0,5 to 9 MeV
and to distinguish them from fast particles which cross both detection layers whereas slow
protons are stopped in the first or second detection plane (see figure 3.3 (left)).

The energy loss method was also successfully applied for the identificafidie aticlei (fig-

ure 3.3 (right)). Due to the large ionizing power these were clearly separated from protons,
deutrons and pions by the energy loss in the S1 counter built out of plastic scintillator mate-
rial with a thickness of 4 mm. In the case %fe nuclei it was also possible to measure its
time-of-flight (TOF) on a nine meter path between S1 and S3 detectors (see figure 3.4 (left)).
The combination of the TOF and energy loss method resulted in clean nearly background free
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samples of events witfHe nuclei.
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Figure 3.3: Left: Energy losses in the first versus the second layer of the silicon pad detector (spectator
detector). The data were taken with a deuteron target and a proton beam with a momentum of 3.365
GeV/c. Right: Energy loss in the 4 mm thick plastic scintillator of the S1 hodoscope shown as a
function of the magnetic rigidity. The lines indicate a hardware and software cut on the energy loss
used in the analysis of trp — Hen reaction.
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Figure 3.4: Left: Time-of-flight, measured on the path of 9.3 m between the scintillator hodoscopes
S1 and S3, as a function of the magnetic rigidity. The figure shows only particles with an energy loss in
the S1 scintillator larger than a value indicated by the dotted line in figure 3.3 (rigiuhit: Time of

flight determined for the neutral particles between the target and the neutron detector.

The extension of the COSY-11 setup by a neutral particle detector opened a broad range
of reactions with neutrons in the final state. The neutral particle detector delivers information
about the time at which the registered neutron or gamma quantum induced correspondingly a
hadronic or electromagnetic reaction. This information together with the time of the reaction
to allows to calculate the time-of-flight between the target and the neutron detector and to
determine the absolute momentum of the registered particle, provided that they could have
been identified. The time of the reaction in the target can be calculated from the time when
other ejectiles of the same reaction crossed the S1 scintillator and from their reconstructed
momenta and trajectories. Figure 3.4 (right) presents the time-of-flight distribution for
neutral particles measured between the target and the neutral particle detector. The spectrum
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was obtained under the condition that in coincidence with a signal in the neutral particle
detector two charged particles were registered in the drift chambers D1 and D2. A clear
signal originating from the gamma rays is seen (at about 24 ns) over a broader enhancement
from neutrons centered at 30 ns. This histogram shows that a discrimination between
signals originating from gamma quanta and slower neutrons can be done by a cut on the
time-of-flight.

Missing mass method

For the identifications of the production of short-lived mesons or hyperons we made use of
the missing mass technique. The investigated reaction channels can be found in the abstracts
of the publications as well as in the Diploma and PhD theses of the COSY-11 collaboration.
As afirst example we consider themeson production via the reactipp— ppn. Knowing
the beam momentum and measuring both outgoing reaction protons allows to calculate the
"missing mass" by applying energy and momentum conservation. A missing mass squared
spectrum is shown in figure 3.5 (left).
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Figure 3.5: Left: Distribution of the squared missing mass for fhe— ppX reaction measured near
then production thresholdRight: Missing mass distribution close to thé production thresholds de-
termined with the target of 1 mm diameter. The FWHM of the signal amounts to 400%eRHe width

is due to the convolution of the experimental mass resolution of the COSY-11 se8@f(keV/?) and
the natural mass distribution of ti¢ meson (200 - 300 keVA.

Figure 3.5 (right) demonstrates the achieved missing mass resolution foptheppX
reaction measured close to thé meson production threshold, at the COSY-11 detection
system, when using a stochastically cooled beam and a cluster target with a diameter of
1 mm. It is worth noting that the precision of the mass determination is comparable with the
natural width of then’ meson, and, to our best knowledge, it is by one order of magnitude
better than ever achieved in experimental studies of hadrons.

Ramping— and super-cycle—-mode of COSY

In order to study the energy dependence of the production cross section the beam momen-
tum is varied and the number of produced mesons is counted by the content in the missing
mass peak. In most of the experiments conducted by COSY-11 the beam momentum was
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fixed at a given value to collect a required statistical accuracy before changing it to another
value. However, in some cases, when the decrease of the systematical errors was particularly
important, we took advantage of the possibility of the cooler synchrotron COSY to operate
in the ramping mode permitting a continuous slow variation of the beam momentum during
each measurement cycle.
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Figure 3.6: Left: Missing mass squared (x-axis) as a function of the beam momentum (y-axis). Results
of the measurement conducted with the continuous change of the momentum of the deuteron beam
around the threshold for themeson production vid p—3Hen reaction. A signal fronm® production
spreads over the entire range of the scanned momentum. Aboxentkson production threshold (for
Pheamlarger than 3.14 GeV/c) a sharp signal from themeson is clearly visibleRight: Missing mass
spectra to th@p— pK™*X reaction determined in the supercycle mode for the excess energy of 20 MeV
above the production threshold of thgupper picture) and hyperon (lower picture).

We used also the opportunity to change the energy in discrete steps from cycle to cycle.
This so-called super-cycle mode was especially important for a detailed comparison of the
production cross sections of tileand hyperons. Figure 3.6 presents an example of the
missing mass spectra obtained in both kind of mentioned experiments.

Reduction and subtraction of the physical background

Usage of the missing mass technique is unavoidably connected with the presence of a
physical background originating from multi-particle production processes. In course of the
analysis we have used several methods for the subtraction of this background. In the case
of the pp — ppK*K™ reaction we have required a signal in the silicon-pad counter at the
position where the trajectory calculated for tie was crossing the detection plane. Such
consistency check lead to an essentially background free spectrum correspondirgpte-the
ppKTK™ reaction solely. Figure 3.7 presents an example of the missing mass spectra before
and after the reduction of the background.

In the case of the short-lived hyperons or mesonsAl@ n, respectively, the reduction
of the background was not possible since the decay products of these particles could not be
registered at COSY-11 with high enough efficiency. Therefore, the background could only
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be subtracted via a statistical procedure. Here very important was i) the precision of the
determination of the momenta of the measured ejectiles, ii) the small spread of the beam
momentum and iii) the negligible secondary scattering effects in the extremely thin target

(~ 10 atoms/cr). The listed features resulted in the suppression of the background due to

the small width of the missing mass peaks and therefore high signal to noise ratios.
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Figure 3.7: Missing mass distribution of thepK™ system at an excess energy of 17 MeV above thresh-
old. The picture on the top presents events with identified proton&anaieson (thin solid line). The
spectrum indicated by the thick solid line is a reproduction of the background distribution. The lower
spectrum represents events with an additional hit in the silicon pad detector, at the position expected for
theK™ meson.

The background was estimated either by determining its shape below the production
threshold (see figure 3.8 (left)) or by determining its shape from Monte-Carlo studies (see
figure 3.8 (right)). In the letter case the precision was always biased by the knowledge of the
production mechanism of all background channels. However, as can be concluded from the
consistency between the simulated and experimental distribution, visible in figure 3.8 (right),
we have achieved a high level of understanding of the detectors functioning and the back-
ground distributions. In the case of the hyperon production we dealt also with another kind
of the background which was due to the misidentification of kaons. In this case we applied
the so called "side-band" technique making a conscious misidentification of pions with the
reconstructed masses close to the mass of the kaon, and treating them in the analysis as they
were true kaons.

As the last example of the missing mass analysis we present a spectrum (see figure 3.9)
obtained for the quasi fregn — pnX process. In this case the distributions are broader than
previously discussed for the case of pd or pp reactions. This is due to the lower accuracy in
the determination of the momentum of the outgoing neutron as well as the lower accuracy in
the determination of the momentum of the neutron inside the deuteron target.
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Figure 3.8: Left: Missing mass spectra for three different intervals of the deuteron beam momentum
above then production threshold. The shaded areas represent the multi-pion background measured
below threshold which is scaled according to the luminosity and shifted to the kinematical limit of the
missing mass.Right: Missing mass spectrum for thep — ppX reaction determined in the experi-
ment at a beam momentum of 2.0259 GeV/c. The superimposed histograms present the simulation for
pp— ppn reaction, and for the reactionm — pp21, pp — pp3mand pp — pp4r. The simulated
histograms were fitted to the data varying only the magnitude.
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Figure 3.9: Left: The solid line shows the missing mass distribution of pime— pnX process deter-
mined forQ > 0 with respect to theon — pmn reaction. The shaded histogram depicts the missing
mass spectrum determined f@r< 0. Right: The points denote the experimental missing mass spec-
trum for Q > 0 after subtraction of the multi-pion background. The superimposed solid line, normalised
in amplitude to the data points, results from a Monte-Carlo simulation.

For the realisation of the proton-neutron reactions we used a deuteron target and analysed
the data under the assumption of the spectator model. The momentum of a neutron inside a
deuteron at the time of the reaction was inferred from the measurement of the momentum
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vector of the spectator proton. The achieved mass resolution was, however, satisfactory, and
even in the first test run (see figure 3.9) we succeeded to observe a statistically significant
difference between the spectra determined below and above the threshold. This allowed us
to extract a signal from thpn — pnn reaction.

Absolute normalisation
The integrated luminosity was established from the angular distributions of the number of

the elastic scattering protons or deuterons which were registered in parallel to the investigated
reactions. The elastically scattered particles were identified via distributions on the momen-
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Figure 3.10: Left: Momentum plot of charged particles originating from the reactions of the deuteron
beam with a proton target. Shown are perpendicular versus parallel momentum components with respect
to the beam direction. Clear signals from proton-proton quasi-elastic scattering, deuteron-proton elastic
scattering and from the protons "spectators" of the quasi-free neutron-proton processes. Solid lines
indicate expected momentum ellipses. The number of entries per bin is shown logarithniRagtilty.
Differential cross sections for the elastic proton-proton scattering measured using the proton target and
the proton beam with momentum of 3222 GeV/c. The COSY-11 points (full circles) were fitted in the
overall normalization to the cross sections measured by the EDDA collaboration (open squares). To be
better distinguishable the EDDA and COSY-11 points were shifted from each other in the horizontal
direction by a half size of the point.

tum plot where — due to the two-body kinematics — the points should form corresponding
kinematical ellipse. The momentum vector was determined for the forward scattered parti-
cles, whereas for the recoil protons the scattering angle was established from the signals in
the position sensitive monitor detector.

In the case of the proton-deuteron reactions we detected both proton-deuteron elastic
scattering as well as the quasi elastically scattered protons. An example of the spectrum is
shown in figure 3.10 (left). Figure 3.10 (right) presents a comparison between the COSY-11
and EDDA results of the angular distribution for the proton-proton elastic scattering. The
COSY-11 data were normalized to the cross sections determined by the EDDA collaboration
with the luminosity as the only free parameter.



4. Total beam time

The following table summarizes the data taking at COSY-11.

| Run #| Date of beam tim¢ Reaction | Time granted|
1) April 1995 pp— ppn 3/2 days
2) June 1995 pp— pprT T 10 days
3) August 1995 pp— pprt T 7 days
4) August 1995 pp— ppn 3 days
5) October 1995 pp— ppn’ 7 days
6) November 1995 | pp— ppKTK™ 11 days
7) April 1996 pp— ppK K~ 10 days
8) April 1996 pp— pKTA 2 days
9) May 1996 pPpP— PpPY 4 days
pPp— ppw 2 days
10) July 1996 pp— d'mtt 9 days
11) September 1996 pp— ppn’ 14 days
12) October 1996 pp— ppn 5 days
13) December 1996 | pp— ppKK™ 6 days
14) January 1997 pp— pPKTA 12 days
pp— pK+30 2 days
15) March 1997 pp— ppK K~ 9 days
April 1997 pp— ppKTK~ 10 days
16) May 1997 pp— pKT=0 12 days
17) June 1997 pd — X 3 days
19) June 1997 pp— pKT =0 7 days
20) October 1997 pp— pKF=0 10 days
21) February 1998 pp— ppn’ 14 days
22) March 1998 pp— pKTA/Z0 9 days
23) September 1998| pp— ppK K™ 21 days
24) November 1998 pp— ppw 10 days
25) February 1999 pp— ppn’ 7 days
26) May 1999 pp— ppw/@ 7 days
pd— 3HeX 1/2 day
27) May 1999 pp— ppK K- 7 days
28) July 1999 pd — SHen(n’) 7 days
29) December 1999 | pp— pKTA/Z0 14 days
30) March 2000 pp— PPN 18 days
31) July 2000 pp— pKTA/Z0 15 days
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Total beam time

| Run # | Date of beam timg Reaction | Time granted]
32) August 2000 pp— ppK K™ 17 days
33) January 2001 Bp— ppn 11 days
34) March 2001 pp— ppK K™ 25 days
pp— pnrtt 1 day
35) January 2002 pp— ppKTK™ 14 days
35) March 2002 pd— 3Hen’ 10 days
36) May 2002 pd — °Hen’ 25 days
37) June 2002 pn— pnn 8 days
38) September 2002 Bp— ppn 18 days
39) January 2003 dp—dpn 10 days
40) March 2003 pp— NKTZT 11 days
41) April 2003 pp— ppn 17 days
41) September 2003 pp— ppn’ 23 days
42) August 2004 pn— pnn’ 24 days
43) April 2005 dp— SHer®/trr 23 days
44) September 2005 pp— ppK K™ 18 days
45) October 2005 pp— pKTA 18 days
46) February 2006 pn— dn’ 21 days
47) September 2006 pp— ppn’ 28 days

| SUM 1995-2006

608 dayk
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Abstract

The COSY-11 installation is an internal experiment at the cooler synchrotron and storage ring COSY Jiilich. It has been
designed for full geometrical acceptance close to threshold for meson production studies, especially in the 1 GeV/c® mass
range. The experimental setup makes use of a regular C-type COSY dipole magnet, following a cluster target, to separate
reaction products from the beam and to analyze their momenta, thus allowing the observation of charged reaction products at
small angles with beam energies close to threshold. Resonances will be identified by missing mass reconstructions from
measured four-momenta of two outgoing protons in the predominantly studied pp— ppX reaction. In addition, charged
mesons either produced directly or from decays of X will be detected. The different components of the experimental facility
are presented.

1. Introduction

Although of fundamental nature, the production of
single mesons and mesonic states with and without
strangeness in a mass range from the 7° to the ®(1020)
meson offers a broad field of unsolved questions in
medium energy physics.

This holds especially for the 1 GeV/c® region, where the
®(1020) is generally believed to be of rather pure s§ quark

*Corresponding author. Tel. +2461 61 4177, fax +2461 61
3930, e-mail m.wolke@kfa-juelich.de.

content, whereas the structure of the 7'(958) is still being
discussed. In case of the scalar mesons f,(975) and
2,(980) existing data lead to differing interpretations: For
instance, a two-quark two-antiquark state, a simple s§
nature and a KK molecule structure are suggested in case
of the f, [1-6].

Data of high precision and sufficiently large statistics, in
case of small resonances especially in the threshold region,
are needed to discriminate between these contradicting
interpretations of mesonic states and resonances, which are
to be explained on the general basis of QCD.

Threshold meson production necessarily implies vanish-

0168-9002/96/$15.00 Copyright ©1996 Elsevier Science BV. All rights reserved
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A-hyperon production via the pp — pKTA reaction 2 MeV
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Abstract

The pp — pK ' A reaction was measured at COSY with a proton beam momentum of 2.345 GeV/c, i.e. wilh an excess
energy of 2 MeV above threshold. The total cross section was defermined to be 8.2 + 1.8 nb. The present data point close

on threshold indicates. that existing nl'\nnnn'\ann'l\n“l‘ol parametrizations of the total kaon production cross

to the nrodi

o the
section ate insufficient.

1 1440 Ag
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1. Introduction

The associated strangeness production is an excel-
lent tool to study reaction mechanisms and hadron dy-
namics in the nonperturbarive region of sirong inier-
action physics. Such investigations might relate quark

and nuclconic degrees of freedom. The (s-5) quark
pair creation provides a clean signal of the reaction
dynamics since there are no strange valence guarks

G370-2693 /96 /$12.00 Copyright © 1956 P
PII 80370-2693(96)01360-3

Published by Elsevier Science B.V. All rights rescrved.

in the proton-proton entrance channel. Variation of
the experimental input parameters such as projectile-
target combinations, beam momenta, and incident spin
states provides complementary information needed for
a compleie analysis.

Incluswe A-hyperon production experiments [1]
(200 /e) p
have shown that spin cffects are more important
than predicted by perturbative QCD calculations.
Spin effects are also being investigated at much

COSY = 49
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The Miinster cluster target for internal storage ring experiments
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Abstract

The Miinster cluster target has been built as a flexible device for internal storage ring experiments. To meet the particular
spatial requirements of the COSY-ring at the KFA Jiilich special cryopumps have been developed. Cluster beams of all gases
except helium can be produced. Density profiles of the cluster beam can be measured on-line by means of a 5 keV electron
scattering monitor system. An easy adaption of the cluster target to other installations is possible because of its compact
modular design. During several beam times the target has successfully been operated within the COSY-11 experiment using
hydrogen clusters. Cluster beam densities of up to p ~ 10'* atoms/cm® have been reached.

Keywords: Cluster target; Internal target; Hydrogen clusters; Nozzle; Laval nozzle; Cryopump

1. Introduction

With the advent of storage rings using electron or stochas-
tic cooling, high quality particle beams have become avail-
able leading to an increased precision in scattering experi-
ments. To make full use of these advantages thin internal tar-
gets are necessary. One group of internal targets are gaseous
targets like gas cells, gas-jet, cluster and atomic beam tar-
gets.

A supersonic gas-jet is generated when gas passes a Laval
type nozzle under high pressure. Close to the nozzle high
densities of up to 10'7 atoms/cm? can be achieved in such
a gas-jet target {1], but due to the scattering of the gas
particles the density distribution perpendicular to the beam
is very broad and approaches the density of the residual gas
within some cm. Because of its high background of typically
1073-1072 mbar this type of target cannot be used in a
synchrotron ring with UHV conditions.

A molecular beam with densities of typically 10—
10" atoms/cm? can be prepared by cutting out the central
part of a gas-jet by a special orifice, the skimmer. As a
consequence, all of the atoms in this beam nearly move
parallel to each other. Such a beam can pass a scattering
chamber without influencing the pressure if it is caught in
a beam dump.

Retaining a similar experimental arrangement, a much
higher density is achieved by using a cluster beam instead

* Corresponding author. Tel. +49 251 8334971, fax +49 251 8334962,
e-mail santo @vsikp0.uni-muenster.de.
! Supported in part by BMBF and KFA Jilich.

of a molecular beam. It consists of formations of typically
10>-10* atoms [2]. A cluster beam is produced by expand-
ing gas in a nozzle at an appropriate temperature. During the
expansion the temperature of the gas is reduced below the
condensation point and the clustering starts. The typical den-
sities of cluster targets are in the range of 10" atoms/cm’.

Compared to solid state targets gaseous targets have a
number of advantages. First of all the target is extremely
pure and there are no irradiation damages of the target ma-
terial because of the continuous refreshing. Moreover losses
of beam particles due to Coulomb scattering are negligible
and the probability for secondary reactions is low. As a con-
sequence the measurement of extremely low cross sections
is possible.

Some basic parameters of existing cluster targets are given
in Table 1. All cluster target devices consist of the two main
parts, the cluster source and the cluster beam dump. The
cluster target built in Miinster, which is based on earlier
studies [6], has drastically reduced geometrical dimensions
compared to other existing devices. This was achieved by
reducing the pumping capacities to a minimum.

2. Experimental arrangement

The cluster target has been designed for measurements
with the cooler synchrotron COSY at the KFA Jiilich within
the COSY-11 experiment. COSY-11 is an internal experi-
mental arrangement for meson production studies in p-p in-
teractions close to threshold. The target is located in front
of a machine dipole acting as a magnetic separator for the

0168-9002/97/817.00 Copyright © 1997 Elsevier Science B.V. All rights reserved
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Total cross section of the reaction pp — pK™ A close to threshold
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Abstract

The energy dependence of the total cross section for the pp — pK* A reaction was measured in the threshold region
covering the excess energy range up to 7 MeV.

Existing model calculations describe the slope of the measured cross sections well, but are too low by a factor of two to
three in rate.

The data were used for a precise determination of the beam momentum of the COSY-synchrotron. © 1998 Elsevier
Science B.V.

PACS: 14.20.0n; 14.40.Aq
Kevwords: Threshold measurement; Strangeness production: Final state interaction: Baryon-hyperon scattering length: Coulomb distortion
corrections

1. Introduction possibility to study various theoretical models of the
strangeness dissociation mechanism [1].

The associated strangeness production in pp col- In this contribution we present data on the produc-

lisions is of fundamental interest and provides a tion of the hyperon-kaon pair via the pp = pK*A

0370-2693 /98 /$19.00 © 1998 Elsevier Science B.V. All rights reserved
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n' Production in Proton-Proton Scattering Close to Threshold
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The pp — ppn'(958) reaction has been measured at the cooler synchrotron COSY at Julich using the
internal beam and the COSY-11 facility. The total cross sections at the four different excess energies
Q =15, 1.7,209, and4.1 MeV have been evaluated to be= 2.5 = 5,29 * 1.1, 12.7 = 3.2, and
25.2 % 3.6 nb, respectively. In this region of excess energy #@58) cross sections are much lower
compared to those of the andz production. [S0031-9007(98)05794-9]

PACS numbers: 14.40.Cs, 13.75.Cs, 25.40.Ve

The first experimental evidence of thg¢ meson has the pp — ppn' reaction at such energies give an oppor-
been seen in thek™ + p — A + neutrals reaction tunity to determine the value @f,wy. In the case of the
channels in 1964 [1,2]. Nowadays, thg'(958) is  m production, however, a reaction mechanism mediated by
well established as the heaviest member of the grounthe intermediate resonand& [S;;(1535)] is known to be
state pseudoscalar meson nonet with quantum numbeimportant [25,26], making an extraction of thgnucleon
16(JP€) = *( ~*). The physics of thep’ meson is coupling constang, vy very difficult.
related to one of the most intricate phenomena in particle Recently data were published concerning #1€958)
physics. In quark models [3] a nearly massless flavomeson production in thepd — *He + X reaction per-
singlet partnerp’ to the well established octet of pseudo- formed at SATURNE using the SPES4 spectrometer [27].
scalar Goldstone bosons must exist. With the advent ofssuming a pure-wave phase space distribution, the mea-
quantum chromodynamics (QCD), however, the situatiorsured differential cross sectiahr,/dQ* = 13 pb/srre-
changed dramatically and there is no necessity [4] fosults in a total cross section of,, = .16 nb at a mean
a massles’. Without this U(1) anomaly [5], then’  excess energy of = .5 MeV. No data are published
would be unacceptably |ighﬂ1%7/ = 3m2. Consequently, concerning the production of’ at threshold in proton-

't Hooft [6] has stimulated an extensive dispute on howproton collisions. There are only preliminary results from
the U(1) anomaly and QCD instantons effect the massneasurements at SATURNE [28]. Thus, thé is the
spectrum of the/” = ~ mesons [7-11]. The issues of last nonstrange meson of the pseudoscalar nonet for which
(i) m-n’ mixing, (ii) possible nonquarkonic component cross sections for the production in the elementary proton-
within the ' meson, and (iii) coupling of thg’ to gluons  proton scattering are unknown close to threshold.

have attracted much attention, but the situation is far from Measurements of they’ production in thepp in-
being settled [12—14]. Recently the CLEO [15] Collabo-teraction were performed at the cooler synchrotron
ration reported an anomalously large branching ratio folCOSY-Jilich [29] using an internal cluster target [30] in
the inclusive decay of beauty particleds— ' + X,  front of a regular C-shaped COSY dipole magnet acting
which is vitally discussed as evidence for strong couplinggs a magnetic spectrometer. Thé mesons were not

of »’ meson to gluonic components [16—21]. directly identified but their four-momentum vectors were

There is no direct experimental information on thedetermined via the missing mass method. The two outgo-
strength of then’ coupling to nucleonsg,yy. The ing protons were registered in a set of two drift chamber
smallness of the SU(3) singlet axial charge current exstacks followed by a scintillator hodoscope arrangement,
tracted from deep inelastic scattering data suggests a smalhd a large area scintillator wall placed 9 m downstream.
7n'NN coupling constant [22]. On the other hand, tile  Tracing the proton tracks back through the known three
nucleon coupling constagt,vy can put constraints on the dimensional magnetic field into the target spot results in
theoretical quark models [23,24]. Because there are na definite momentum determination. With the measured
known “doorwaylike” Nn’ resonances close to the pro- time of flight a unique particle identification is possible
duction threshold, measurements of the cross sections fand, therefore, the four-momentum vector components
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Abstract. Constraints on the spin-averaged Ap scattering length and effective range have been obtained
from measurements of the pp — pKTA reaction close to the production threshold by comparing model
phase-space Dalitz plot occupations with experimental ones. The data fix well the position of the virtual
bound state in the Ap system. Combining this with information from elastic Ap scattering measurements
at slightly higher energies, together with the fact that the hyperdeuteron is not bound, leads to a new
determination of the low energy Ap scattering parameters.

PACS. 12.38.Qk Experimental data — 13.85.Hd Inelastic scattering: many-particle final states — 25.40.Ve
Other reactions above meson production thresholds (energies >400 MeV)

1 Introduction

The existence of light hypernuclei, such as i‘}\H({, shows
the low energy A-p interaction to be strongly attrac-
tive, though not sufficient to bind the two-baryon hyper-
deuteron. The A-p interaction is of especial interest since
it is influenced by the strange quark content of the A-
hyperon. However, in contrast to the nucleon-nucleon case,
due to the short lifetime of the A, direct measurements of
low-energy A-p scattering are sparse and the resulting pa-
rameters rather poorly known.

Bubble chamber measurements [1-3], based on sam-
ples of a few hundred secondary events, have allowed de-
terminations of the elastic cross section down to A labo-
ratory momenta &~ 130 MeV/c. In the low energy region,
where only S-waves are important, the spin-averaged total
cross section is of the form

™
@+ (—L/as + jr,4?)?
3
e
a2 + (—1/ay + 31:9%)?

OAp—Ap =
M

Here q is the Ap centre-of-mass momentum and ay(;y and
T4(t) are, respectively, the S-wave scattering lengths and

effective ranges in the Ap spin-singlet and triplet states.
Separate values of these parameters have been claimed for
the two spin states [1,2] and these are shown in Fig. 1.
However, the error bars are large, strongly and system-
atically correlated and hard to quantify, since such data
should really only support the determination of an av-
erage scattering length a and effective range T [3]. Al-
ready for laboratory momenta ~ 300 MeV /c, the differ-
ential cross section is significantly non-isotropic, indicat-
ing the presence of P or higher waves [1,2], and so it is
not surprising that the S-wave parameters deduced from
such experiments depend upon the upper momentum cut
assumed.

Values of the scattering length and effective range
have also been deduced through the study of the Ap fi-
nal state interaction (FSI) in the K~d — m pA reac-
tion with stopped K-mesons [4]. Here it is the shape of
the Ap effective mass spectrum near the kinem: imit
which is sensitive to the parameters. In impulse approx-
imation the amplitude for this process is proportional to
that for K™n — 7~ A and, if the Fermi motion in the tar-
get deuteron is neglected, the reaction is purely s-wave
with no spin-flip. The final Ap system is therefore in the
same spin-triplet state as the np pair in the deuteron and
the values a; and ry so determined, which are also shown
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Threshold measurements of the associated strangeness production reagtienspK ™A and
pp — pK*3° are presented. The most remarkable feature of the data is that at the same excess
energy the total cross section for tf&¥ production appears to be about a factor28f"S smaller
than for theA particle. It is concluded that strony’p final state interactions, and in particular the
3N — Ap conversion reaction, are the likely cause of the depletion indttegnal. This hypothesis
is in line with other experimental evidence in the literature.

PACS numbers: 13.75.Ev, 14.20.Jn, 25.40.Ve, 29.20.Dh

The COSY-11 facility [1], at the Cooler Synchroton allowing the positions and directions of the particle
COSY [2], was designed for the study of meson producirajectories to be determined. The particle momenta
tion in proton-proton collisions near threshold. We re-can then be fixed by ray tracing through the known
port here experimental data on both tpg — pK*A  magnetic field back to the target. Particle identification is
and pp — pK*30 reactions at excess energigs=  performed by measuring the time of flight (TOF) between
12.9 MeV. At intermediate energies, and especially instart and stop scintillators.
the threshold region, the physics of strange particle pro- The present investigation was designed to measure
duction is most appropriately described in terms of mesort? production and compare it with production near
exchange. In such models both strange and nonstranglereshold. Total cross sections fgrp — pK 30 are
exchanges, with or without intermediate isobar excitapresented at seven energies in the radde< Q <
tion, may be present. Even considering just theand 12.9 MeV. Three extraA points at higherQ are added
K-exchange contributions, see, e.g., Refs. [3—6], modeb our published set fron = 0.68 to 6.68 MeV [16].
predictions of A and 2° production cross sections may COSY was used in the “supercycle” mode, which allows
differ enormously due to uncertainties in the couplingthe repetition of a sequence of spills with different beam
constants. For example, the rat,'g{i,\,,(/g%_,\,,(, as ex- momenta. In view of the large difference between the
tracted from different reactions involving hyperons, variescross sections for the production of the two hyperons,
between 0.08 and 27 [4—13]. In addition, the exchange o£0 or 20 spills with momenta above th&’ threshold
heavier nonstrange and strange mesons and their interfexere followed by one at the corresponding value®f
ence effects might also have an influence on strangenesbove theA threshold. The spill length was typically
production [14]. Strong final state interactions (FSI), es{five minutes and the sequence repeated for a total running
pecially between the hyperon and proton, are also likeltime of two to three days at each beam momentum. The
to be very significant. supercycle mode compares similar processes under similar

The four-momenta of the proton ard” are measured conditions, thus reducing possible errors due to shifts in
in COSY-11 [1], leaving the neutral hyperon to be accelerator and/or detector components.
identified from the missing mass in the reaction. The To isolate the hyperon production channels in the off-
two emerging positively charged particles from e —  line analysis, all two-track events containing candidates
pK*X reaction are momentum analyzed in a C-shapedor K* and p pairs were selected. After determining
COSY-dipole magnet, placed downstream of the internalhe three-momenta and times of flight for both particles,
hydrogen cluster target [15]. Two sets of drift chambersnvariant mass spectra were extracted which showed clear
are placed close to the magnet gap such that the ejectileggnals for pions, kaons, and protons above a moderate
of interest (p andK ™) cross them almost at right angles, background. For events with particle 1 identified as a

682 0031-900799/83(4)/682(4)$15.00  © 1999 The American Physical Society

COSY = 49



46 List of publications

‘H 10 February 2000
R
g PHYSICSLETTERS B
ELSEVIER Physics Letters B 47¢ 2000 182-187 _

Near-threshold; meson production in proton—proton collisions

J. Smyrski?, P. Wustner, J.T. Balewski®?, A. Budzanowski, H. Dombrowski',
D. Grzonka®, L. Jarczyk?®, M. Jochmanr?, A. Khoukaz', K. Kilian ¢, P. Kowina®?,
M. Kéhler ®, T. Lister f, P. Moskal?, W. Oelert®, C. Quentmeief, R. Santo',
G. Scheper$', U. Seddik", T. Sefzick®, S. Sewerirf, A. Strzatkowski?,

M. Wolke ©

2 Institute of Physics, Jagellonian University, PL-30-059 Cracow, Poland

b ZEL, Forschungszentruni' Julich, D-52425 Julich, Germany

¢ Institute of Nuclear Physics, PL-31-342 Cracow, Poland
4 1UCF, Bloomington, Indiana, IN 47405, USA

€ IKP, Forschungszentrumi'Julich, D-52425 Julich, Germany
f IKP, Westfalische Wilhelms—Universitat, D-48149 Munster, Germany
9 Institute of Physics, Silesian University, PL-40-007 Katowice, Poland

" NRC, Atomic Energy Authority, 13759 Cairo, Egypt

Received 23 November 1999; accepted 9 December 1999
Editor: L. Montanet

Abstract

The production ofy mesons has been measured in the proton-proton interaction close to the reaction threshold using the
COSY-11 internal facility at the cooler synchrotron COSY. Total cross sections were determined for eight different excess
energies(e) in the range frome =0.5 MeV to e =5.4 MeV. The energy dependence of the total cross section is well
described by the available phase—space volume weighted by FSI factors for the proton—proton and;ppaton© 2000
Elsevier Science B.V. All rights reserved.

PACS:13.60.Le; 13.75.-n; 13.85.Lg; 25.40.-h; 29.20.Dh

1. Introduction ered high precision values of cross sections for the
production of various mesons in the mass region up

Over the last few years, creation of mesons near to 1 GeV/&. The experimental information gained
threshold in the elementary nucleon—nucleon colli- so far is consistent with approximately constant pro-
sion has become an important field for studies of duction matrix elements when the final state interac-
meson production mechanisms as well as of tion (FS) is factored out. The pion production cross
meson—nucleon interactions. Measurements at thesections are described very precisely including only
new generation of medium energy proton accelera- the proton—proton FSI, since the pion—proton inter-
tors, storage rings with phase-space cooling of the action is comparatively weak close to threshold.

beam as the IUCF-ring, CELSIUS and COSY, deliv- Contrary, in then meson production in proton—pro-

0370-2693,/00/% - see front matt€r 2000 Elsevier Science B.V. All rights reserved.
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Abstract

Total cross sections for thpp — ppn’ reaction have been measured in the excess energy range(frerh.53 MeV to
Q= 23.64 MeV. The experiment has been performed at the internal installation CO$Y-11 1 using a stochastically cooled
proton beam of the COoler SYnchrotron CO$Y 2 and a hydrogen cluster farget 3,4 . The determined energy dependenc
of the total cross section weakens the hypothesis of the S-wave repulsive interaction betwgemésan and the proton
[5,6]. New data agree well with predictions based on the phase-space distribution modified by the proton-proton
final-state-interactiof F$I only© 2000 Published by Elsevier Science B.V. All rights reserved.

PACS:13.60.Le; 13.75.-n; 13.75.C; 13.85.Lg; 25.40.-h; 29.20.Dh

Recently, total cross sections for the production of cross sections are about a factor of thirty smaller
the ' meson in the collision of protons close to the than the ones for thep — ppn reaction] 7,15-1B at
reaction threshold have been publisfed]7,8 for the the corresponding values of excess energy. Trying to
first time. Two independent experiments performed explain this large difference Hibou et 4l.] 7 showed
at the accelerators SATURNE and COSY have de- that calculations within a one-pion exchange model,
livered consistent results. The data has triggered off where the parameters were adjusted to fit the total
an interest in explaining the unknown dynamics of cross section for thgop — ppn reaction, underesti-
the pp— pprn’ reaction[ 9—1} . The determined total mate then’ cross sections by about a factor of two.

0370-2693,/00/% - see front matt€r 2000 Published by Elsevier Science B.V. All rights reserved.
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Abstract

We describe a novel technique for comparing total cross sections for the reagiprsppm° pp— ppn, and
pp— ppn’ close to threshold. The initial and final state proton-proton interactions are factored out of the total cross section,
and the dependence of this reduced cross section on the volume of phase space is discussed. Different models of tl
proton-proton interaction are compared. We argue that the scattering length of the Sywmweeon interaction is of the

order of 0.1 fm.© 2000 Elsevier Science B.V. All rights reserved.

PACS:13.60.Le; 13.75.-n; 13.85.Lg; 25.40.-h; 29.20.Dh

New results o andn’ meson production in the  [11-13. Here we concentrate om®, 7, and n'

reaction pp— ppX, measured very recently at the meson production, and complete the analysis of these
COSY-11 facility[ 1,2 , together with previous data references by taking into account the interaction
[3-8], determine the energy dependence of the near-between the incident protons, and by introducing a
threshold total cross section with a precision compa- new representation of the data. The production rates
rable to the measurements of the reactjgm— ppm° of 7% =, and o' mesons will be compared as a
[9,10. These new data encouraged us to perform afunction of the available phase space. We will study

phenomenological analysis similar to those of Refs. the phase-space dependence of the quarifity|

0370-2693,/00/$ - see front matt€r2000 Elsevier Science B.V. All rights reserved.
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Abstract

We describe a direct method for monitoring the geometrical dimensions of a synchrotron beam at the target position
for internal target installations. The method allows for the observation of the proton beam size as well as the position of
the beam relative to the target. As a first demonstration of the technique, we present results obtained by means of the
COSY-11 detection system installed at the cooler synchrotron COSY. The influence of the stochastic cooling on the
COSY proton beam dimensions is also investigated. © 2001 Elsevier Science B.V. All rights reserved.

PACS: 29.20.Dh; 29.27.—a; 29.27.Fh; 25.40.Cm

Keywords: Beam monitoring; Internal target; Stochastic cooling

1. Introduction mesons in the proton—proton interaction with high

luminosity (10°' em=2s~!) in spite of very low

Internal cluster target facilities—such as COSY-
11 [1] installed at the cooler synchrotron COSY-
Jiilich [2]—permit the study of the production of

*Corresponding author. Institute of Physics, Jagellonian
University, PL-30-059 Cracow, Poland.
E-mail address: p.moskal@fz.juelich.de (P. Moskal).
!'Present address: The Svedberg Laboratory, S-75121 Uppsala,
Sweden.

target densities (~ 10'* atoms cm~2). Such condi-
tions minimize changes in the ejectiles’ momentum
vectors due to secondary scattering in the target,
and hence facilitate the precise study of reactions
with cross-sectional values at the nanobarn level.

An exact extraction of absolute cross-sections
from the measured data demands a reliable
estimation of the acceptance of the detection
system. This in turn crucially depends on the

0168-9002/01/$ - see front matter © 2001 Elsevier Science B.V. All rights reserved.
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Abstract

The near threshold total cross section and angular distributiokis'@ ~ pair production via the reactiopp — ppK TK~
have been studied at an excess energycf 17 MeV using the COSY-11 facility at the cooler synchrotron COSY. The
obtained cross section as well as an upper limit at an excess ene@y-d MeV represent the first measurements on the
K+ K~ production in the region of small excess energies where production via the chamnel pp® — ppK K~ is
energetically forbidden. The possible influence of a resonant production via intermediate scalgfyt@@@sandag(980) is
discussedd 2001 Elsevier Science B.V. All rights reserved.

PACS:13.60.Hb; 13.60.Le; 13.75.-n; 13.85.Lg; 13.85.Ni; 13.85.Rm; 25.40.Ve
Keywords:Near-threshold meson production; Antikaon; Kaon pairs

1. Introduction lack of data on the elementar¥ ~ meson produc-
tion in the proton—proton scattering, especially in the
Recently, detailed measurements on ¢ me- region of low excess energies. The reaction channel

son production in proton—proton collisions have been with the lowest threshold energy is given by the as-

performed in the previously unexplored near thresh- sociatedk * K~ meson pair production via the reac-

old region of the reaction channglp — pK+ A and tion channelpp — pp X, X = K*K~. Therefore,

pp — pK*x0 [1-4]. On the other hand, there is a measurements on the threshold production of nega-

tively charged kaonén (K *) = 493677 MeV/& [5])

Er— . . have to be carried out in the mass rangengX) ~

1E'ma" addreSSkhf’Ukéz@'kp'F'n"muenswr'de (A Khoukaz). 4 GeV/A. A study of this mass range is stimulated
Present address: Indiana University Cyclotron Facility, Bloom- L . .
ington, Indiana 47408, USA. by the continuing discussion on the nature of the
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On the close to threshold meson production
in neutron—neutron collisions
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Abstract

A method of measuring the close to threshold meson production in neutron—neutron collisions is described where the
momenta of the colliding neutrons can be determined with the accuracy obtainable for the proton—proton reaction. The technique
is based on the double quasi-free — nnXO reaction, where deuterons are used as a source of neutr@@01 Elsevier
Science B.V. All rights reserved.

PACS:13.60.Le; 13.75.-ni; 13.75.Cs

In the last decade close to threshold production cise investigations of the meson production in the
of mesons has attracted a lot of experimental and neutron—proton reactions [26,27,29].
theoretical effort (see, for instance, [1,2]). Experi- Close to threshold meson production in proton—
ments performed at the accelerators CELSIUS [3-7], neutron collisions were also investigated by means of
COSY [8-15], IUCF [16-19], SATURNE [20-25], a technique based on a quasi-free scattering of the
and TRIUMF [26-31] delivered precise data on the proton off the neutron bound in the deuteron. Thin
pseudoscalarn(, n, n’, K) and vector ¢, ) meson windowless internal deuterium cluster targets1(04
production in proton—proton and proton—deuteron col- atomgcn?) make a detection of an undisturbed spec-
lisions. A secondary neutron beam with a spread in en- tator proton and a precise determination of the reacting
ergy smaller than 1 MeV focussed onto liquid hydro- neutron momentum — and hence of the excess energy
gen targets 10?% atomgcn?) permitted also pre- — possible.
Pioneering experiments of the® meson creation
in the proton—neutron reaction with the simultaneous
E-mail addressw.oelert@fz-juelich.de (W. Oelert). tagging of the spectator proton resulted in a resolution
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Close-to-threshold Meson Production in Hadronic Interactions
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Absgtract
ald e tha hndean hadwon indaenadio
hold in the hadron-hadron interaction

devei opments in accelerator physics, u'eie(:tor performanc’e a.nd theoreti g
t2 performed with bubble chambers revealed already

periormsa wic chambers g

s. Early exp

t; ,,:f‘.,&‘ ingredients of threshold studies, which were superseded by more meson produ

tion investigations at the nucleon beam facilities TRIUMF, LAMPF, P8I, LEAR and SATUR E

Currently with the advent of the new cogler rines as nmn CRISIUS and COSY ths Hal

4
Currently, with the advent of the new cooler rings as IUCF, CELSIUS and COSY the field
entering & new domain of precision and the next step of further progress.

The analysis of this new data in the short range limit permits a more fundamental consideration
and a quantitative comparison of the production processes for different mesons in the few—body final
states. The interpretation of the data take advantage of the fact that production reactions close—to-
threshold are characterized by only a few degrees of freedom between a well defined combination

of initial and exit channels. Deviations from pl‘edlcthnS of phase—spa.ce controlled one-meson-—
exchange models are indi isinn dats nn difl

-]

of new and

sections, .
SECLIGHS, a.ucqwabt:ly & ble — are

y £
presently turning up on the horizon. There is worl ext years and excitement of the

whysice oxnected, Hore we try £0 sive & hriefand st ¢ o
physics expected. Here we try to give a brief and at the

field of hadronic threshold production studies.

nrnmrahonoiern cernmasiae AF dhin
CTRPTSNensive SVerview of this

.
°3
A

7

PACS numbers:
13.80.Hb, 13.80.Le, 13.75.Cs, 13.75.-n, 13.85.Lg, 13.85.Ni, 13.85.Rm,
14.40.Cs, 25.40.-h, 25.40.Ve, 29.20.Dh
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P. Winter?, H.-H. Adam?, F. Bauef, A. Budzanowsk{, R. CzyzykiewicZ, T. G6tz?,
D. Grzonkat, L. Jarczylk, A. Khoukaz’, K. Kilian 8, C. Kolf?, P. Kowina', N. Lang®,
T. Lister®, P. MoskaFe, W. Oeler, C. Quentmeiet, T. RozeK, R. Sant@,

G. Scheper§ T. Sefzické, M. Siemaszkéd, J. SmyrskF, S. Steltenkamp
A. StrzatkowskF, M. Wolke?, P. Wiistne?, W. Zipper'

2 Institut fiir Kernphysik, Forschungszentrum Jilich, D-52425 Jilich, Germany
b |nstitut fiir Kernphysik, Westfalische Wilhelms-Universitat, D-48149 Minster, Germany
C 1. Institut fiir Experimentalphysik, Universitat Hamburg, D-22761 Hamburg, Germany
d |nstitute of Nuclear Physics, PL-31-342 Cracow, Poland
€ Institute of Physics, Jagellonian University, PL-30-059 Cracow, Poland
f Institute of Physics, University of Silesia, PL-40-007 Katowice, Poland
9 Zentrallabor fir Elektronik, Forschungszentrum Julich, D-52425 Jiilich, Germany

Received 18 July 2002; accepted 30 July 2002
Editor: L. Montanet

Abstract

Measurements of the meson production with a polarised proton beam in the reagiipr> ppn have been carried out
at an excess energy @ = 40 MeV. The dependence of the analysing poweron the polar angle;; of then meson in the
center of mass system (CMS) has been studied. The data indicate the possibility of an influence of p- and d-waves to the close
to threshold; production.
0 2002 Elsevier Science B.V. All rights reserved.

PACS:12.40.Vv; 13.60.Le; 13.88.+€; 24.70.+s; 24.80.+y; 25.10.+s

1. Introduction gered intensive theoretical investigations aiming to un-
derstand the production mechanism on the hadronic
and quark—gluon level.
In the theoretical descriptions of theproduction

in nucleon-nucleon collisions the excitation of the
$11(1535 resonance plays a decisive role. The hith-
" erto performed studies with the aim to describe the to-
tal cross section show a dominance of this virtial
nucleon isobar in the close-to-threshold production of
T E-mail addressw.oelert@fz-juelich.de (W. Oelert). the n meson. The excitation of this intermediate state

Several measurements on theneson production
in the proton—proton interaction covering a 100 MeV
excess energy range were performed at different ac-
celerators. The determined total cross sections [1-6]
as well as their differential distributions [7-10] trig-

0370-2693/02/$ — see front mattér 2002 Elsevier Science B.V. All rights reserved.
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Upper limit for the cross-section of the overlapping
scalar resonances f((980) and a((980) produced in
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Abstract

Utilizing a missing mass technique we investigate the pp — ppX reaction
scanning beam energies in the range permitting to create a mass close to that of
the f(980) and a((980) scalar resonances, but still below the KK ~ threshold
where they decay dominantly into 7w v and 77 ) mesons, respectively. Prior to the
data analysis we introduce a notion of the close to threshold total cross-section
for broad resonances. We estimated for the overlapping mesons ay and f the
total cross-section to be smaller than 430 nb at excess energy of Q = 5 MeV.
The experiment has been performed at the Cooler Synchrotron (COSY) using
the COSY-11 facility.

1. Introduction

A study of the 1 GeV/c? mass range is motivated by the continuing discussion on the nature of
the scalar resonances f;(980) and a((980), which have been interpreted as exotic four quark
states [1], conventional ¢4 states [2, 3] or molecular such as KK bound state [4, 5].

7 Present address: The Svedberg Laboratory, Thunbergsv@\gen 5A, Box 533, S-75121 Uppsala, Sweden.
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Communicated by M. Gargon

Abstract. The production of the A- and X°-hyperons has been measured via the pp — pK*+A/X° reaction
at the internal COSY-11 facility in the excess energy range between 14 and 60 MeV. The transition of the
A/3° cross-section ratio from about 28 at Q < 13 MeV to the high-energy level of about 2.5 is covered
by the data showing a strong decrease of the ratio between 10 and 20 MeV excess energy. Effects from the
final-state interactions in the p-2° channel seem to be much smaller than in the p-A channel. Estimates
of the effective range parameters are given for the NA and the NX systems.

PACS. 13.75.-n Hadron-induced low- and intermediate-energy reactions and scattering (energy < 10 GeV)
— 13.75.Ev Hyperon-nucleon interactions — 13.85.Lg Total cross-sections — 25.40.Ep Inelastic proton

scattering

1 Introduction

In the kinematical threshold region the strangeness pro-
duction is commonly described by both non-strange and
strange meson exchange with or without explicit inclusion
of an intermediate resonance as depicted in the four graphs
of fig. 1. While the exchange of the lightest mesons, namely
7 and K, is expected to be dominant in the A and X°
production [1-7] there could also be a contribution aris-
ing from the exchange of heavier non-strange or strange
mesons [8-11]. In addition, proton-hyperon final-state in-
teractions (FSI) play an important role when comparing
the pK*+ A and pK* 50 reaction channels.

Since the quark structures of the two neutral A and
30 hyperons are similar, one can expect similar produc-
tion mechanisnf.KIgSuch a case the cross-section ratio
Rayso % should be mainly determined by
the isospin relation which leads to R4/s0 ~ 3, in good
agreement with the value R, 50 ~ 2.5 observed in pro-

* e-mail: p.kowina@fz-juelich.de

Time

Fig. 1. Examples of possible graphs for the A- or Z°-hyperon
production with inclusion of proton-proton initial (ISI) and
proton-hyperon final-state interactions (FSI).

ton-proton scattering experiments at excess energies @ >
300 MeV [12]. It is interesting to note that a comparable
cross-section ratio was determined in antiproton-proton
annihilation experiments leading to A-A, ¥°-A + c.c. and
X+ TF as performed by the PS185 collaboration at
LEAR [13,14].
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Experimental study of pp»n dynamics in the pp— pp# reaction
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A high statistics measurement of tipp— pp# reaction at an excess energy @=15.5 MeV has been
performed at the internal beam facility COSY-11. The stochastically cooled proton beam and the used detection
system allowed to determine the momenta of the outgoing protons with a precision of 4cNieMih the
center-of-mass frame. The determination of the four-momentum vectors of both outgoing protons allowed to
derive the complete kinematical information of thpp system. An unexpectedly large enhancement of the
occupation density in the kinematical regions of low protpmelative momenta is observed. A description
taking the proton-proton and thgproton interaction into account and assuming an on-shell incoherent pair-
wise interaction among the produced particles fails to explain this strong effect. Its understanding will require
a rigorous three-body approach to thez, system and the precise determination of contributions from higher
partial waves. We also present an invariant mass spectrum of the proton-proton system deterr@ned at
=4.5 MeV. Interestingly, the enhancement at large relative momenta between protons is visible also at such a
small excess energy. In contrast to all other determined angular distributions, the orientation of the emission
plane with respect to the beam direction is extracted to be anisotropic.

DOI: 10.1103/PhysRevC.69.025203 PACS numbes): 13.60.Le, 13.75:n, 13.85.Lg, 25.46-h

I. MANIFESTATION OF THE #npp INTERACTION tion by more than an order of magnitude for low excess
Due to the short life time of the flavor-neutral mesons€N€rgies. One recognizes also that in the case ofjththe

(e.g.,7°,7,7'), the study of their interaction with nucleons data are described very welolid line) assuming that the
@n-shell proton-proton amplitude exclusively determines the

or with other mesons is at present not feasible in direct sca h Jati his indi hat th .
tering experiments. One of the methods permitting such inPase-space population. This indicates that the profoin-
vestigations is the production of a meson in the nucleonteraction is too small to manifest itself in the excitation func-
nucleon interaction close to the kinematical threshold or ifio" Within the presently achievable accuracy. In case of the

kinematics regions where the outgoing particles possesg Meson the increase of the total cross section for very low
small relative velocities. A mutual interaction among the out-2nd \f/_er); high energies is mugh larger than expel_tzjtenlj from the
going particles manifests itself in the distributions of differ- v final state interaction between protonsolid line),

ential cross sections as well as in the magnitude and energr[pou_gh for both thepp—» ppy and Pprr. pp' reactions the
dependence of the total reaction rate. ominance of théP,— 1Sys transitiort is expected up to an

In the last decade major experimenat-8]and theoreti- €XCeSS energy of about 40 MeV and 100 MeV, respectively
cal [9-13] efforts were concentrated on the study of the crel14]- The excess at higher energies can be assigned to the
ation of 7°, 7, and ' mesons via the hadronic interactions
[14-16]. Measurements have been made in the vicinity of “The transition between angular momentum combinations of the
the kinematical threshold where only a few partial waves ininitial and final states are described according to the conventional
both initial and final states are expected to contribute to theotation[8] in the following way:
production process. This simplifies significantly the interpre-
tation of the data, yet it appears to be challenging due to the
thre_e'pamc'e final state system with a complex hadronic poghere superscriptindicates the initial state quantité3denotes the
tential. . spin of the nucleons, antistands for their overall angular momen-

The determined energy dependences of the total cross segm. L andl denote the relative angular momentum of the nucleon-
tion for 7' [1,2] and 5 [2-6] mesons in proton-proton colli-  nucleon pair and of the meson relative to &l system, respec-
sions are presented in Fig. 1. Comparing the data to thevely. The values of orbital angular momenta are commonly
arbitrarily normalized phase-space integiddshed linesje-  expressed using the spectroscopic notatibsS,P,D, ..., and|
veals that the proton-proton FSI enhances the total cross sees,p,d,...).

QS+1L‘J\ s, 1)

0556-2813/2004/62)/025203(11)/$22.50 69 025203-1 ©2004 The American Physical Society
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Communicated by M. Gar¢on

Abstract. The 7’-meson production in the reaction pp — ppn’ has been studied at excess energies of
Q = 26.5, 32.5 and 46.6 MeV using the internal beam facility COSY-11 at the cooler synchrotron COSY.
The total cross-sections as well as one angular distribution for the highest @Q-value are presented. The
excitation function of the near-threshold data can be described by a pure s-wave phase space distribution
with the inclusion of the proton-proton final-state interaction and Coulomb effects. The obtained angular
distribution of the 7’-mesons is also consistent with pure s-wave production.

PACS. 13.60.Le Meson production

13.75.-n Hadron-induced low- and intermediate-energy reactions and

scattering (energy < 10 GeV) — 13.85.Lg Total cross-sections — 25.40.-h Nucleon-induced reactions

1 Introduction

Measurements on the production of 1’-mesons, the heavi-
est representative of the multiplet of pseudoscalar meso:
allow to study the properties and the structure of this is
scalar meson, which are still far from being well known.
Since states with the same quantum numbers IJ¥ can
mix, the physically observable particles n and 7’ are con-
sidered to be mixed states of the I = 0 members of the
ground-state pseudoscalar octet and singlet, commonly
denoted as ns and 7. In case of an ideal mixing, the
n-meson would have a pure non-strange content (ui+dd),
while the 7’ would show up as a pure s5 state, correspond-
ing to a mixing angle of figeal = —arctan /2 ~ —54.7°.
This value is in contrast to the experimentally still in-
accurately determined mixing angle 6p, which has been
subject of several investigations [1-12] and was found to
be between —9° and —20°.

Furthermore, studies on the production of n'-mesons
are also important with respect to still controversially dis-
cussed topics like possible ¢¢ or gluonic components in the
structure of the n’-meson [8,13-19] or the understanding

® e-mail: khoukaz@uni-muenster.de

of the unexpected high mass, which is discussed in the con-
text of the U(1) 4 anomaly [17,20,21]. The gluonic contri-
bution to the cross-section for the NN — NN7' reaction
may be inferred by the comparison of the 1’ production
in different isospin channels [18,19,22].

Recently, detailed measurements on the 7’-meson pro-
duction in the reaction channel pp — ppn’ have been per-
formed in the previously unexplored region close to thresh-
old up to an excess energy of @ = 24 MeV [23-26] as well
at a higher excess energy of @ = 144 MeV [27]. In this
publication, we present new results on this reaction chan-
nel at intermediate excess energies of @ = 26.5, 32.5 and
46.6 MeV, filling the gap between the available data sets.

Due to the small relative momenta of the ejectiles in
the region of low excess energies, only partial waves of the
lowest order participate in the exit channel. Therefore,
total- and differential-cross-section data yield nearly un-
screened information on relevant production mechanisms
and allow to study final-state interactions (FSI) of the
participating particles. Consequently, these new data be-
came subject of several model calculations and compar-
isons with the related reaction channels on the 7%- and
n-meson production [28-30].
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Abstract

We present the construction of a planar drift chamber with wires stretched between two arms of a c-shaped aluminum
frame. The special shape of the frame allows to extend the momentum acceptance of the COSY-11 detection system
towards lower momenta without suppressing the high-momentum particles. The proposed design allows for
construction of tracking detectors covering small angles with respect to the beam, which can be installed and removed
without dismounting the beam-pipe. For a three-dimensional track reconstruction a computer code was developed
using a simple algorithm of hit pre-selection.
© 2005 Elsevier B.V. All rights reserved.

PACS: 29.40.Cs; 29.40.Gx

Keywords: Drift chamber; Hexagonal cell; Track reconstruction

1. Introduction

*Corresponding author. Tel.: +48 12663 5616; . . . . . .
fax: +48 12634 2038. The drift chamber which is described in this
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Abstract

The separation of contributions from multi- and single-meson production in
the missing mass spectrum of the quasi-free pn — pnX reaction constitutes a
challenging task when the reaction is studied close to the threshold. This is
especially true if the resolution of the mass determination is comparable with
the excess energy and if the investigated signal appears close to the kinematical
limit. In this paper, we outline a method which permits the extraction of the
signal originating from the creation of a single meson without the necessity
of conducting model-dependent simulations. For the pd — pnXpspectator
reactions, the method allows one to combine events corresponding to multi-
meson production at various excess energies with respect to the pn — pn
meson process, and hence leads to an increase of the statistics needed for the
determination of the shape of the multi-meson background. As an example of
the application of the method, we demonstrate that the evaluation of the data
from the pd — pnXpy, process according to the described technique enables
one to extract a signal of the pn — pnn reaction whose shape is consistent
with expectations, supporting the correctness and usefulness of the method
introduced.

(Some figures in this article are in colour only in the electronic version)
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Abstract

The total cross section of the reaction pp — ppK T K~ has been measured at excess energies Q = 10 MeV and 28 MeV with the magnetic
spectrometer COSY-11. The new data show a significant enhancement of the total cross section compared to pure phase space expectations or
calculations within a one boson exchange model. In addition, we present invariant mass spectra of two particle subsystems. While the KT K~
system is rather constant for different invariant masses, there is an enhancement in the p K~ system towards lower masses which could at least be

partially connected to the influence of the A(1405) resonance.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

The strength of the kaon—antikaon interaction appears to
be very essential with respect to different physics topics. It is
an important parameter in the ongoing discussion on the na-
ture of the scalar resonances ag and fy in the mass range of
~1 GeV/c?. Besides the interpretation as a g meson [1],
these resonances were also proposed to be g¢G g states [2], K K
molecules [3,4], hybrid gg/meson—meson systems [5] or even
quark-less gluonic hadrons [6]. Especially for the formation
of a molecule, the strength of the K K interaction is a crucial

* Corresponding author.
E-mail addresses: winter@npl.uiuc.edu, peter.winter@psi.ch (P. Winter).

0370-2693/$ — see front matter © 2006 Elsevier B.V. All rights reserved.
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quantity and it can be probed in the K K production close to
threshold [7].

Due to the unavailability of kaon targets for the analysis of
KK scattering, the kaon pair production in multi particle exit
channels like pp — ppK+ K~ is the only possibility to study
this interaction by selecting the appropriate kinematic region
of the phase space distribution. Besides the K K subsystem,
information about the KN system is of equal importance es-
pecially in view of the actual discussion on the structure of
the excited hyperon A(1405) which is considered as a 3 quark
system or a K N molecular state [8]. Up to now the scattering
length ag -, has been mainly determined on kaonic hydrogen.
But the situation is not yet clarified since first, the results of
former measurements [9-12] and preliminary results at DEAR
[13,14] are in disagreement and second, it has been shown that
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Abstract

The X hyperon production was measured at the COSY-11 spectrometer via the pp — nK £ reaction at excess energies of Q = 13 MeV
and Q =60 MeV. These continue sys ic hyperon production studies via the pp — pK+A/ZO reactions where a strong
decrease of the cross section ratio close-to-threshold was observed. In order to verify models developed for the description of the A and 0
production we have performed the measurement on the £+ hyperon and found unexpectedly that the total cross section is by more than one order
of magnitude larger than predicted by all anticipated models. After the reconstruction of the kaon and neutron four momenta, the ¥ is identified
via the missing mass technique. Details of the method and the measurement will be given and discussed in view of theoretical models.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction intermediate nucleon resonances it allows to extract informa-
tion about the structure of the relevant resonances.

The pp — pK* A excitation function close-to-threshold
shows a clear deviation from the pure phase space distribu-
tion and a proton-hyperon final state interaction (FSI) has to
be included to describe the data [1-4]. In the pp — pK*+X°
channel the pY FSI seems to be negligible and the pure phase
space calculations follow reasonably well the data points. The
cross section ratio o (pp — pK+ A)/o (pp — pK T X0) below
excess energies of Q ~ 20 MeV is in the order of 28 [2,3] in
contrast to the value of about 2.5 determined for excess ener-
gies higher than Q =300 MeV [5] (see Fig. 1). This value is in
" Corresponding author. good agreement with the A/ X isospin relation. The question

E-mail address: trozek @us.edu.pl (T. Rozek). arises if this drastic cross section increase close-to-threshold is

The study of the hyperon production in hadron induced multi
particle exit channels like pp — NKY includes several as-
pects. The nucleon-hyperon interaction can be extracted by
analyzing the NY subsystem in the appropriate kinematical
region. Closely related to that is the issue of the reaction mech-
anisms of the hyperon production which have to be clarified
for an unambiguous interpretation of the data. If the hyperon
production is due to the excitation and a subsequent decay of

0370-2693/$ — see front matter © 2006 Elsevier B.V. All rights reserved.
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Measurements of 1 meson production in proton-deuteron collisions have been performed using the
COSY-11 facility at COSY (Jiilich). Results on total and differential cross sections for the pd — *Hen reaction
are presented at five excess energies between Q = 5.0 and Q = 40.6 MeV. The angular distributions show a
transition from an almost isotropic emission close to threshold to a highly anisotropic distribution at higher excess
energies. The total cross sections reveal a strong 7-*He final state interaction, corresponding to a scattering length

of |M(a)| = (4.2 £0.5) fm and J(a) = (0.4 £ 1.9) fm.

DOI: 10.1103/PhysRevC.75.014004

I. INTRODUCTION

Within the field of particle interactions, the formation of
bound or quasibound states between an 7 meson and a nucleon
or nucleus, creating so-called 7-mesic nuclei, has attracted a
lot of both theoretical and experimental interest. Predicted by
Haider and Liu [1], the interaction of the n with a nucleus is
expected to be attractive, as in the elementary 7-N interaction
[2—4], and therefore allows for the formation of a bound state.
Recently, it was argued that the n bound state will deliver
information about the singlet component of the 1 meson [5].
Although the strength of the attractive potential is supposed to
increase with the mass of the nucleus, the answer to the ques-
tion as to which is the lightest n-mesic nucleus is still unknown.

Therefore, close-to-threshold data on the pd — 3Hen reac-
tion are of great interest for studying the strong n-nucleus final
state interaction at low energies, which may provide a signal for
the existence of quasibound n-nucleus states [6]. As observed
close to threshold at the SPES-1V and SPES-II spectrometers at
the SATURNE laboratory [7,8], the n-production cross section

“Electronic address: adamh@uni-muenster.de; present address:
IVV  Naturwissenschaften, Universitit Miinster, Institut fiir
Festkorpertheorie, Wilhelm-Klemm-Str. 10, Miinster, D-48149,
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TPresent address: Robert-Janker-Klinik, Villenstr. 4, Bonn,
D-53129, Germany.

tPresent address: Institut fiir Physikalische Chemie, Universitiit
Mainz, Jakob-Welder-Weg 11-15, Mainz, D-55128, Germany.
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in the pd — *Hen reaction reveals remarkable features. In
addition to the unexpectedly large cross section for this channel
as compared to, e.g., pd — 3Hex", the excitation function
has a maximum very close to the production threshold and a
significant drop of the production amplitude with increasing
energy within only a few MeV, which is in complete contrast
to expectations based upon phase space. Furthermore, the
center-of-mass angular distributions of the 7 mesons emitted
near threshold were reported to be consistent with s-wave
production and to exhibit no major contributions from higher
partial waves. This behavior differs from the corresponding
data on the 7°-production cross section, where a strong p-wave
contribution is present even very close to threshold [9].

In order to describe this near-threshold behavior, a classical
two-step mechanism was proposed by Kilian and Nann [10].
However, quantum mechanical calculations by Fildt and
Wilkin [11] within this model only succeeded in reproducing
the square of the production amplitude at threshold to within a
factor of 2.4. Moreover, to describe the observed rapid drop of
the production amplitude with increasing energy, the two-step
approach had to include a strong n-*He final state interaction
(FSI) with a large n->He scattering length.

Further measurements, performed at a higher excess energy
of ~50 MeV by the COSY-GEM Collaboration [12], yielded a
highly nonisotropic angular distribution. The description using
the refined two-step model prediction [12], adjusted to fit
to the data at energies very close to threshold, significantly
underestimates the value of the total cross section. Therefore,
a different reaction mechanism, based on the excitation of the
N*(1535) resonance, has been suggested. However, this model

©2007 The American Physical Society
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Mechanism of Near-Threshold Production of the n Meson
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Measurements of the analyzing power for the pp — ppn reaction have been performed at excess
energies of Q = 10 and 36 MeV. The determined analyzing power is essentially consistent with zero,
implying dominance of the s wave at both excess energies. The angular dependence of the analyzing
power, combined with the isospin dependence of the total cross section for the n meson production in
nucleon-nucleon collisions, reveal that the excitation of the nucleon to the S;;(1535) resonance is
predominantly due to the exchange of the 77 meson between the colliding nucleons.

DOI: 10.1103/PhysRevLett.98.122003

The strong interaction responsible for the existence of
hadrons has been studied intensively for more than half a
century. At high energies, it is well described by QCD in a
perturbative approach with quarks and gluons as the rele-
vant degrees of freedom. However, in the low energy
regime where the interaction between quarks and gluons
cannot be treated perturbatively, there exists no clear
understanding of the processes governed by the strong
forces. The phenomena in this regime are not calculable
using the particles and fields of the standard model. Here
hadrons become the relevant degrees of freedom, and the
interaction between hadrons may be described by meson
exchange processes. Therefore, in order to understand the
behavior of the strong interaction in systems such as nu-
cleons which make up most of the matter surrounding us, it
is essential to perform measurements involving the pro-
duction and decay of hadrons and interpret them in the
framework of the effective theories [1].

In this Letter, we focus on the hadronic production
mechanism of the n meson and interpret the empirical
observations in the framework of meson exchange models.
We report on the determination of the angular dependence
of the beam analyzing power for the pp — ppm reaction.
We also demonstrate that the confrontation of predictions
based upon different scenarios, involving exchanges of
various mesons, with the so far determined unpolarized
observables and with results on the analyzing power, per-
mits one to single out the dominant process and, hence, to
understand details of the  meson production close to the
kinematical threshold.

From precise measurements of the total cross sections of
the 7 meson production in the pp — ppm reaction [2-9],
it was concluded [10-17] that this process proceeds

0031-9007/07/98(12)/122003(4)

122003-1

PACS numbers: 13.60.Le, 14.40.Aq

through the excitation of one of the protons to the
S11(1535) state, which subsequently deexcites via the
emission of the 7 meson (see Fig. 1). In practice, within
the meson exchange picture, the excitation of the inter-
mediate resonance can be induced by exchange of any of
the pseudoscalar or vector ground state mesons between
the nucleons [18—20]. Based only on the excitation func-
tion, it was, however, impossible to disentangle the con-
tributions to the production process originating from the 7,
7, @, or p meson exchange.

More constraints to theoretical models [10-17] have
been deduced from the measurement of the isospin depen-
dence of the total cross section by the WASA/PROMICE
Collaboration [21,22]. The comparison of the n meson
production in proton-proton and proton-neutron collisions
inferred that the 7 meson is by a factor of 12 more
copiously produced when the total isospin of the nucleons
is zero with respect to the case when it is one. As a
consequence, only an isovector meson exchange is con-

aEES
N N

FIG. 1. The mechanism of the 7 meson production in nucleon-
nucleon collisions. M denotes an intermediate pseudoscalar or
vector meson, e.g., 7, 1, @, or p. ISI and FSI indicate initial and
final state interaction between the nucleons.

© 2007 The American Physical Society
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Abstract

Total and differential cross sections for the dp — 3Her/ reaction have been measured near threshold for 3He center-of-mass momenta in the
range from 17.1 MeV/c to 87.5 MeV/c. The data were taken during a slow ramping of the COSY internal deuteron beam scattered on a proton
target detecting the 3He ejectiles with the COSY-11 facility. The forward-backward asymmetries of the differential cross sections deviate clearly
from zero for center-of-mass momenta above 50 MeV/c indicating the presence of higher partial waves in the final state. Below 50 MeV/c
center-of-mass momenta a fit of the final state enhancement factor to the data of the total cross sections results in the 3He—r scattering length of

la] =4.3£0.5 fm.
© 2007 Elsevier B.V. All rights reserved.

PACS: 14.40.-n; 21.45.+v; 25.45.-z

Keywords: Meson production; Final state interaction; Eta-mesic nucleus

1. Introduction

Measurements of the dp — 3Hen reaction near the kine-
matical threshold performed at the SPES-4 [1] and SPES-2 [2]
spectrometers raised high interest due to a rapid increase of the
total cross section very close to threshold. This increase, corrob-
orated recently by the COSY-11 and ANKE groups [3,4], can be
explained by the final state interaction (FSI) in the 3He—r] sys-
tem. The relatively large strength of this interaction led to the
suggestion of a possible existence of a *He—7 bound state [5].

* Corresponding author. Institute of Physics, Jagiellonian University, ul. Rey-
monta 4, P1-30-059 Cracow, Poland. Tel.: +48 12 663 5616; fax: +48 12 634
2038.

E-mail address: smyrski@if.uj.edu.pl (J. Smyrski).

0370-2693/$ — see front matter © 2007 Elsevier B.V. All rights reserved.
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The measurements of the dp — >Her) reaction are insensitive
to the sign of the scattering length and thus they do not allow
to draw definite conclusions about possible bound states. How-
ever, they permit to determine the absolute value of the real part
of the scattering length and the value of its imaginary part pro-
viding hints whether the necessary condition for the formation
of a bound state (| Re(a)| > Im(a)) [6] is fulfilled.

The principal possibility for the creation of a n-mesic nu-
cleus [7] attracts a lot of interest [8] still after twenty years of
investigations. Present theoretical considerations reveal that the
observation of such state would also deliver information about
the flavour singlet component of the 7 meson [9]. Indications
for the n-nucleus bound state were reported from the y->He
measurements [10], however, the data do not allow unambigu-
ous conclusions [11].

COSY = 49
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Near-Threshold Meson Production in Proton-Proton Collisions
Krakéw, 1998

Abstract:
In the present paper, results of experimental studies of near-threshold meson production in the rgpetiatts’,
pp— ppn’, pp— PKTA, andpp — ppK*K~ are presented.
The experiments were performed at the new cooler synchrotron COSY-Jilich. The first of the above reactions was
measured by using the external magnetic spectrometer BIG KARL, and the three remaining reactions were studied
at the internal COSY-11 facility, resulting in the first world data on near-threshold cross sections in these reactions.
In both experiments, the magnetic field of dipole magnets was used for separating the ejectiles from the beam and
for reconstructing their momentum vectors at the target point. This experimental method allowed measurements
with high detection acceptance very close to threshold, at excess energies of the order of 1 MeV. At higher energies,
detection efficiency was drastically limited by the height of the gaps in dipole magnets. Particle trajectories were
measured with built in Cracow drift chambers and, in the off line analysis, they were traced back through the
magnetic field to the target which allowed us to determine the momentum vectors at the target point. Particle
identification proceeded via the time-of-flight measurement combined with the information on particle momenta.
The missing-mass method was applied to identify unobserved ejectiles. High missing-mass resolution, achieved
thanks to precise particle momenta reconstruction, allowed us to extract signals of the measured reaction from the
background of other possible processes, even for reaction cross sections at the level of 1 nbarn.
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Near Threshold Production of Mesons in Hadronic Interactions
Minster, 2002

Abstract:
Main focus of the present work is the study of the production of mesons in the hadron-hadron scattering and to
investigate their interactions. For this purpose the near threshold production of mesons and meson-pairs in the
mass range up tp = 1 GeV/@ is studied in elementary proton-proton interactions as well as in proton-deuteron
interactions. Experiments have been performed at the internal beam installations COSY-11 and PROMICE/WA-
SA, placed at the cooler synchrotrons COSY and CELSIUS, respectively. Both storage rings have been designed
to provide beams of light ions with a high momentum resolution in order to enable precision measurements on
nucleon-nucleon, nucleon-nucleus and nucleus-nucleus interactions. The availability of special beam cooling devices
like electron cooling or stochastic cooling systems enable to improve the beam momentum resolution down to
Ap/p ~ 10-4, which is of major interest for the meson and hyperon production close to the production thresholds.
The use of internal cluster targets allows to benefit from these advantages and guarantee highest luminosities and
precisely known kinematical conditions in the input channel in combination with single particle interactions within
the target beam. The mentioned cooling mechanisms allow to compensate for beam heating effects caused by beam-
target interactions, leading to long life times of the accelerated beahno(rs) and constant beam conditions during
the experiment.
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Hadronic interaction of n and n’ mesons with protons
Krakow, 2004

Abstract:
We present results of investigations aiming to determine the hadronic interactipanadf’ mesons with nucleons.
Inferences are based on comparisons of both the differential cross sections and the close-to-threshold excitation
functions for thepp— ppn andpp— ppn’ reactions with predictions based on the assumption that the kinematically
available phase space is homogeneously populated. We discuss the phenomenology of the initial and final state
interaction, relevance of the hadronic and quark-gluon degrees of freedom for the reaction dynamics, and explain in
detail the experimental techniques used for the measurement of the meson production in free and quasi-free collisions
of nucleons
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Michael Rook
Universitat Bonn

Strangeness-Erzeugung in der p p und pbar p Streuung
Bonn, 1994

Abstract:
Monte-Carlo Rechnungen zu dem in der Aufbauphase befindlichen Experiment COSY-11 belegen die Durch-
fuhrbarkeit der Messung des Reaktionstygs— ppX fir ein Meson X im 1 GeV/c2 Massenbereich in der Néhe der
Reaktionsschwelle. Aus der Massgabe minimaler Akzeptanzbeschrankung fur diesen Reaktionstyp folgt die Dimen-
sionierung der Detektorkomponenten. Die erwarteten Zahl- und Triggerraten fir den festgelegten Detektoraufbau
stellen keine Begrenzung fiir die Lebensdauer der Detektorkomponenten sowie die Kapazitat des Datenaufnahmesys-
tems dar. Fur den schwellennahen Messbereich ergibt sich flir die ppX-Reaktion eine Akzeptanz von tber 90%.
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Alfons Khoukaz
Westfalische Wilhelms-Universitat
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Messungen zur schwellennahen Produktion geladener Pionenpaare in
der Proton-Proton-Streuung

Miunster, 1996

Abstract:
Das Munsteraner Clustertarget als internes Target am Protonensynchrotron COSY der KFA-Jilich wurde eingebaut
und in Betrieb genommen. In ersten Messungen wurde die Funktionstiichtigkeit nachgewiesen, wobei die erreichten
Kammerdriicke nahezu alle den angestrebten Werten entsprachen. Der Clusterstrahl ist rAumlich schaft umgrenzt
und besitzt eine homogene Dichteverteilung mit einer mittleren Fliichendichte va6'3 Atomery(cm*2 + 33%.
In ersten Messungen an der COSY-11l-Installation wurden Untersuchungen zur Bestimmung der absoluten
Wirkungsquerschnitte der Reaktiongrp — ppn und pp — pprr it in der Nahe der Produktionsschwellen
durchgefiihrt. Dabei konnte die Funktionsfahigkeit sowohl des Detektorsystems als auch der Auswertesoftware
gezeigt werden. Bei der Auswertung der im Rahmen dieser Arbeit durchgefiihrten Messungen zeProduktion
konnten weder oberhalb noch unterhalb der Produktionsschwelle Ereignisse gefunden werden, die die Forderung er-
fullten, dass sowohl zwei Protonen nachgewiesen wurden als auch in beiden Pionendetektoren Treffer detektiert
wurden. Datengrundlage bildeten dabei ca. 25.5 Millionen aufgezeichnete Ereignisse. Somit konnte eine obere
Grenze fir den Querschnitt dieser Reaktion bestimmt werden:

P(beam) WwWQ CL

1.224GeVic <99nb  90%
1.222GeVic <294nb  90%
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Magnus Wolke
4 Universitat Bonn
N magnus.wolke@tsl.uu.se

Schwellennahe assoziierte Strangeness-Erzeugung in der Reaktion
pp— ppKT™K~ am Experiment COSY-11

Bonn, 1998

Abstract:
Im Mittelpunkt des Experimentes COSY-11 am Beschleuniger und Speicherring COSY des FZ-Jillich steht das
Studium der Produktion von Mesonen geringer Massenbreite in der Proton-Proton-Wechselwirkung im Schwellen-
bereich. Besonderes Augenmerk verdient dabei die Dynamik der assoziierten Produktion des im Valenzbereich des
Eingangskanals nicht enthaltenen Quarkflavours der Strangeness. Mit der ReaktioppK+™ K~ wird die zuge-
horige elementare Reaktion ohne Anderung des Quarkgehaltes beteiligter Baryonen studiert. Wirkungsquerschnitte
dieses Ausgangskanals sind in der Nahe der Reaktionsschwelle bislang nicht bekannt. Indem mit der Schwellen-
produktion von Mesonen hohe Impulsiuibertrage zwischen den beteiligten Baryonen verbunden sind, erscheint dieser
experimentelle Zugang zugleich als Sonde der kurzreichweitigen Nukleon-Nukleon-Wechselwirkung. Eine Messung
der Anregungsfunktion kann zudem uber die Starke der K-Kbar-Wechselwirkung Aufschluss geben, deren Kenntnis
besonders durch die Diskussion der Natur skalarer Resonanzen im Massenbereich um 1 GeV/c2 motiviert ist. In Vor-
bereitung der Messungen an der COSY-11-Installation wurde die FASTBUS-Komponente des Datenaufnahmesys-
tems in Betrieb genommen. Ein optimiertes Zeitverhalten mit Totzeiten unterhalb einer Millisekunde garantiert eine
bestmdgliche Ausnutzung der experimentell verfigbaren Luminositat. Durch eine kinematisch vollstandige Rekon-
struktion des Vierteilchen-Endzustandes wird ein erster totaler Wirkungsquerschnitt der ReaktiompKTK =
nahe der Schwelle bestimmt. Bei einer Uberschussenergie varl&MeV ergibt sich ein Wert von 490 +400/-
370 pb, der trotz seiner geringen Grosse Uber die am internen Target erreichte Luminositat durch den Nachweis
zweier Ereignisse zuganglich wird. Die Normierung der gemessenen Zahlrate beruht auf der simultanen Messung
der elastischen Proton-Proton-Streuung als Referenzreaktion. Die Ereignisselektippldek ( )-Endzustandes
und des elastischen Kanals verbunden mit einer Bestimmung der Luminositét werden in diesem Zusammenhang
diskutiert. Unter Beriicksichtigung des Vierkorper-Phasenraumes sowie der Final-State-Wechselwirkung des Proton-
Proton-Systems sind erste Vorhersagen in Bezug auf die Anregungsfunktion im Schwellenbereich mdglich.
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Georg Schepers
Westfalische Wilhelms-Universitat
G.Schepers@gsi.de

Assoziierte Strangeness-Erzeugung an der Produktionsschwelle in der
Reaktion pp — pK*tA am Experiment COSY-11 mit einer optimierten
Strahloptik

Miunster, 1998

Abstract:
Using the experimental setup of the COSY-11 facility the energy dependence of the total cross section for the
pp — pKTA reaction was measured in the threshold region covering the excess energy range up to 7 MeV. The
slope of the measured cross sections is described well by model calculations, but the rate is underestimated by a
factor of two to three.
A special and precise determination of the proton beam momentum of the COSY-synchrotron using the measured
data themselves was performed.
Investigations of the differential cross sections show that s-wave production is dominanpin-th@K™* A reaction
near threshold.
By comparing model phase-space Dalitz plot occupations with the experimental ones, constraints on the spin-
averaged/\ — p scattering length and effective rang have been obtained. The low energy Lambda p scattering
parameters could be determined when combining the position of the virtual bound state in the Lambda p system
with data from elastié\p scattering measurements, together with the fact that the hyperdeuteron is not bound.
A major intension was given for the development and installation of a special magnet optics for the COSY-
synchrotron to get optimal proton beam conditions for the COSY-11 experiment. Varying the focussing and de-
focussing strength of the quadrupoles in both of the arcs of the cooler ring the dimensions of the proton beam was
reduced to the size of the cluster target beam. The change of the optics from the normal COSY one to this special
COSY-11 optics combines a high resolution measurement (due to the small size of the reaction zone) with a high
luminosity (due to the maximized overlap of proton beam and target).



PhD theses 75

Pawet Moskal
Jagellonian University
p.moskal@fz-juelich.de

n’ meson production in thepp — ppn’ reaction near threshold
Krakéw, 1998

Abstract:
Then’ meson belongs to the ground state pseudoscalar meson nonet. According to the SU(3) classification its quark
composition is similar to the structure of theneson. However, due to the small pseudoscalar mixing a@gle~
15°) then’ meson is predominantly a flavour singlet state and hence can comprise a significant amount of gluons. A
possible gluon admixture would be reflected in the production mechanism igf theson in the elementary proton-
proton reaction, it would modify an’ pp coupling constant which determines the direct production amplitude, and
it would also influence the potential of the proton‘eteeson interaction. These issues make the investigations of
the etAmeson very interesting.
The total cross section for the production of tifemeson in thepp — ppn’ reaction has been measured close to
the kinematical threshold. The experiment has been carried out at the cooler synchrotron COSY using the internal
proton beam and the hydrogen cluster target. The ejected charged particles were registered using the COSY-11
detection system, which allow for an unique identification of positively charged particles and determination of their
four-momentum vectors. Events with the creation of ifheneson were identified by means of the missing mass
technique.
The obtained cross sections for thfemeson production are by about a factor of fifty smaller that the cross section
for the production of the) meson at the same center of mass excess energies. Such large difference suggests that
these mesons are produced in a rather different way.
Comparison of the measured cross section values with calculations based on the effective Lagrangian approach
yields an upper limit for th@’ pp coupling constant. The analysis of the energy dependence of the total cross section
for the pp— ppn’ reaction suggests that either the primary production amplitude decreases very close to threshold
or that the protony’ interaction is repulsive.
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Ruhr-Universitat Bochum
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Die Produktion desn-Mesons am Julicher Beschleuniger COSY und
Entwicklung eines optimierten Datenaufnahmesystems

Bochum, 1999

Abstract:
Das interne Experiment COSY-11 am Cooler-Synchrotron COSY im Forschungszentrum Jilich ermdglicht ein
Studium der Mesonenproduktion in Reaktionen dergpt— ppXin der Nahe der Produktionsschwelle mit grosser
Akzeptanz.
In dieser Arbeit wird die Produktion deg-Mesons bei einer Uberschussenergie von 0 bis 7 MeV/c$ im Schwer-
punktsystem untersucht. Dabei wurde der Strahlimpuls in Rampen von 5 Minuten Lange von 1972 auf 2002 MeV/c
erhoht. Gegeniiber einer Messung von Einzelpunkten hat dies den Vorteil, daSS die zur Zeit unvermeidbare ab-
solute Ungenauigkeit der Strahlimpulseinstellung von etwa 2 MeV/c keinen Einfluss auf die Differenzen zwischen
verschiedenen gemessenen Impulsen hat. Die Erfahrungen mit dem Datenaufnahmesystem von COSY-11 wurden
genutzt, um ein neues verbessertes Datenaufnahmesystem aufzubauen. Es wird im Frihjahr 1998 in einem anderen
Experiment eingesetzt werden und ist dort bereits erfolgreich im Testbetrieb. Es erlaubt Eventraten von mehreren
zehntausend pro Sekunde (einer Totzeit vonus@o Event entsprechend) bei einem maximalen Datendurchsatz
von 4 Megabyte pro Sekunde.
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Thomas Lister
Westféalische Wilhelms-Universitat
lister@rjk.mediclin.de

Untersuchung der Reaktionpp — ppK*X in Nahe der
fo(980)-Resonanz

Munster, 1999

Abstract:
Im Rahmen dieser Arbeit wurden Messungen zur assoziierten Strangenesserzeugung in der Nahe der Masse der
fo(980)-Resonanz im Proton-Proton-Stoss analysiert. Die Auswertungen hinsichtlich der Reaktiongianéle
ppKTK~, pp— pK*20(1385 und pp — pK*A(1405 ergaben, dass, bedingt durch die geringen Wirkungsquer-
schnitte in Verbindung mit der experimentell bedingten Methode der inklusiven Messung, lediglich obere Grenzen
der Wirkungsquerschnitte ermittelt werden konnen.
Die aus den Analysen von Zweispurereignissen ermittelten absoluten Wirkungsquerschnitte der Repktienen
pKTA, pp— pKTZ, pp— ppw(782) und pp — ppn’(958) erganzen die in Schwellennéhe existierenden Daten
und kénnen trotz der grossen Messungenauigkeiten Hinweise Uber den Verlauf der jeweiligen Anregungsfunktion
liefern. Die Auswertung der Ereignisse mit einem Proton und eilkenmim Endzustand belegen die Mdglichkeit
des Nachweises aller positiv geladenen Produkte der zu untersuchenden Reaktionen. Da dabei keine Signaturen des
39(1385 und desA (1405 gefunden werden konnten, kénnen auch diese Analysen nicht zur Klarung der Anteile
der unterschiedlichen Reaktionskanéle an der Zahl der gefundppétt )—Ereignisse beitragen.
Da zurK+tK~— ebenso wie zuh(1405-Produktion lediglich obere Grenzen fiir die Wirkungsquerschnitte ermit-
telt werden konnten, kinnen aus den hier vorgestellten Messungen keine Informationen sowohl uber die innere
Struktur der skalaren Mesonefig(980) und ag(980) als auchiiber die des Hyperong1405 getroffen werden.
Weitere Messungen an COSY-11 zwischen K&K ~— und derA(1405- sowie zwischen def (1405 - und der
39(1385-Produktionsschwelle kénnen méglicherweise Aufschluss iber die Anregungsfunktionen zur Erzeugung
dieser beiden Hyperonen geben. Eventuell kbnnen so die Anteile der verschiedenen Reaktionskanéle an der Zahl
der gefundenefippK™ )-Ereignisse geklart werden.



78 PhD theses

Swen Sewerin
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Schwellennahe Hyperonproduktion in den Reaktionskanélen
pp— pKtA und pp— pK+° am Experiment COSY-11

Bonn, 2000

Abstract:
At the internal experiment COSY-11 the near threshold production of the two neutral hypesms? has been
investigated in proton-proton collisions. In the measured energy region of up to 13 MeV excess energy it was found
that the cross section of theproduction exceeds that of tB&@-production by a factor of 28. This ratio of the cross
sections is in contrast to measurements at higher excess energies, where a ratio of 2-3 has been determined. As
one explanation of this resultNi> — NA-conversion is discussed, which is known in the literature as the so called
cusp-effect. At near threshold measurements offhproduction simultanously the lightét-particle is produced.
These reactions at about 80 MeV excess energies were also analysed and compared to other measurements at similar
excess energy.
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Christoph A. Quentmeier
Westféalische Wilhelms-Universitat

Untersuchung der Reaktionpp — ppK"K™ nahe der
Produktionsschwelle

Munster, 2001

Abstract:
Die vorliegende Arbeit stellt die Ergebnisse der Analyse von Daten vor, die die COSY-11-Kollaboration bei
Strahlimpulsen vomsan = 3.292, 3.311 und 3.356 GeV/c aufgenommen hat.
Im Mittelpunkt der Untersuchungen steht die assoziierte Strangenesserzeugung in der RgektippKtK~. Bei
einer Uberschussenergie (bezogen auf die #ei®&~—Produktion) von Q = +3 MeV wurden zwei Ereignisse ge-
funden. Unterhalb der Produktionsschwelle (Q = -3 MeV) trat erwartungsgemass kein Kandidat auf. Beim héchsten
gemessenen Strahlimpuls (entspr. Q = 17 MeV) wurden 61 +0/-5 Ereignisse miK d&m—Endzustand identi-
fiziert, von denen 35 +0/-1 zusatzlich ein klaks—Signal aufweisen.
Die identifiziertenK+ K~—Endzustande kénnen sowohl aus der freien Erzeugung als auch aus der resonanten Pro-
duktion Uber die skalaren Resonanz&(980) und ap(980) stammen. Die Winkelverteilungen der Teilchen im
Ausgangskanal lassen darauf schliessen, dass dieKreie —Produktion dominiert, wobei im Rahmen der vor-
liegenden Statistik ein Beitrag der skalaren Resonanzen nicht vollig ausgeschlossen werden kann.
Aus den im Rahmen dieser Arbeit analysierten Daten konnten zusatzlich Winkelverteilungen und Wirkungsquer-
schnitte zurw- undn’-Erzeugung extrahiert werden. In beiden Fallen fligen sich die Datenpunkte gut in die Welt-
daten ein.
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Production of the neutral A and Z hyperons in proton-proton
interactions at COSY-11

Katowice, 2002

Abstract:
Earlier measurements at COSY-11 of the near threshotthd =° hyperon production via thep — pKA and
pp— pKz° reaction, respectively, have shown a strong discrepancy @ tB cross section ratio compared to the
one observed at higher excess energies. Close to threshold at excess energi@s<up3dveV theA/z° cross
section ratio has been determined to befgarvhich exceeds the value at high excess ener@es>(150 MeV) of
about 2.5 by one order of magnitude. Additional data have been taken between 14 MeV and 60 MeV, i.e. in an excess
energy region where the ratio is expected to change frd#8 to~2.5. The experiment has been performed at the
COoler SYnchrotron COSY using the internal proton beam and a hydrogen cluster target. The four-momentum
vectors of the positively charged ejectiles were reconstructed by the COSY-11 facility and the appropriate software.
Uncharged hyperons were identified by means of the missing mass technique. The analysis and the extracted results
are presented and discussed in view of different theoretical interpretations. The analysis of the excitation function
for the =% hyperon production suggests that either the prariinal state interaction (contrary to the/pene) is
very weak, or that the primary production amplitude is not constant.
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Schwellennahe Kaonenproduktion im Proton-Proton Stoss am
Experiment COSY-11

Bonn, 2005

Abstract:
Measurements at the experiment COSY-11 at the synchrotron accelerator COSY in the Research Centre Jilich pri-
oritise studies of near threshold meson production in nucleon-nucleon collisions. Due to the high momentum transfer
between the baryons involved such experiments are sensitive on small distances and the relevant interactions in these
regions. Experiments on meson production therefore enable to understand the fundamental hadronic interaction and
the underlying reaction mechanisms.
A major part of the experimental studies at the detection system, which is designed as a magnetic spectrometer,
consists of the associated strangeness production via the hypeorkor channels. Near threshold cross sections
for the specific reactiopp — ppK™K™ are only scarcely available but show a strong enhancement when compared
to the pure non relativistic phase space.
A detailed study of the excitation function at low Q-values was therefore extended by two new measurements. The
kinematical complete reconstruction of the final state allowed to derive total cross sectmns(6f787+0.178+
0.082) nb at the excess energy of Q=10 MeV amek (4.285+ 0.977+0.374) nb at Q=28 MeV. The absolute nor-
malisation was performed by the simultaneous measurement of the elastic proton proton scattering.
Differential spectras are partly shown but due to the low statistics a detailed analysis is not performed. Nevertheless,
mass spectra might play an important role in the near future. Here, especially-theand pK~ subsystems will
be crucial with respect to the ongoing discussion about the nature of the scalar resonances and the influence of the
Lambda(1405), respectively.
Within this work, the event selection of the reactipp — ppK"K~ and the elastic pp-scattering is explained and
the full results are discussed. Their comparison with a model calculation as well as a parametrization of the strong pp
final state interaction shows a still unexplained difference at low excess energies. It remains an open issue, whether
new theoretical developments aill offer a satisfactory explanation of this enhancement.
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Threshold hyperon production in proton-proton collisions at COSY-11
Katowice, 2006

Abstract:
For the first time thepp — NK*Z* reaction has been measured in the threshold region and the cross section was
determined. The measurement was performed at the COSY-11 detection system at two beam momenta p = 2.6
GeV/c and 2.74 GeV/c, corresponding to excess energies Q =13 MeV and 60 MeV. COSY-11 is an internal magnetic
spectrometer experiment at the COoler SYnchroton and storage ring COSY in Jiillich, Germany. It is equipped with
scintillator hodoscopes and drift chambers for charged particle detection and a scintillator/lead sandwich detector
for neutrons. Experimentally, the Sigma+ hyperon was identified via the missing mass technique, by detecting the
remaining reaction productskt meson and neutron. Extensive background studies in the missing mass spectra
have been performed and the possible influence of the the higher partial waves on the detection efficiency discussed.
The investigation on th&" production is a part of the long ongoing studies of the hyperons production performed
by the COSY-11 collaboration. In the previous analysis oftr@nd=® hyperon production in thpp — pK+A(Z0)
reactions, respectively, the unexpectedly high cross sectionaétip/o(2°) in the close to threshold region was
observed. To explain this behavior, various theoretical scenarios were proposed, but although they differ even in
the dominant basic reaction mechanism, all more or less reproduce the data. In order to get more information
for disentangling the contributing reaction mechanisms, data from an other isospin channel were taken, namely
pp — nNKTZ*. Within this thesis the method of the measurement and the data analysis is given. The total cross
section is presented and the results are discussed in view of available theoretical models.
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Study of the production mechanism of then meson in proton-proton
collisions by means of analysing power measurements

Krakéw, 2007

Abstract:
The analysing power measurements for ffpg— ppn reaction studied in this dissertation are used in the determi-
nation of the reaction mechanism of theneson production in nucleon-nucleon collisions.
Measurements have been performed in the close-to-threshold energy region at beam momgata2010 and
2.085 GeV/c, corresponding to the excess energies of Q = 10 and 36 MeV, respectively. The experiments were re-
alised by means of a cooler synchrotron and storage ring COSY along with a cluster jet target. For registration of the
reaction products the COSY-11 facility has been used. The identification of theson has been performed with
the missing mass method. The results for the angular dependence of the analysing power combined with the hitherto
determined isospin dependence of the total cross section fay theson production in the nucleon-nucleon colli-
sions, reveal a statistically significant indication that the excitation of the nucleon & thesonance, the process
which intermediates the production of theneson, is predominantly due to the exchange mhaeson between the
colliding nucleons.
The determined values of the analysing power at both excess energies are consistent with zero implying that the
meson is produced predominantly in the s-wave at both excess energies.
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Near threshold n-meson production ind p collisions

Krakow, completion planned for 2007

Abstract:
A deuteronr interaction is of the special interest due to the possible existence of-theleus bound or quasi-
bound states. Thg meson production near threshold in the three nucleon system is much less explored as compared
to the two nucleon system. For the reactebp— d pn near threshold there exist only data on the total cross section
for two excess energies Q = 0.6 and 3.3-0.6 MeV measured with the spectrometer SPESIII at the SATURNE
accelerator. The energy dependence of the total cross section for this reaction is expected to be very sensitive to the
d—n interaction since even much wealg@r n interaction significantly modifies the shape of the excitation function
as observed in thep — ppn reaction. The aim of the experiment performed by the COSY-11 collaboration was
determination of thel — n interaction and study of thg production mechanism in tltgp — d pn) reaction. Data were
taken for three values of deuteron beam momenta corresponding to excess energies of 3.2, 6.1 and 9.2 MeV. Protons
from thedp — dpn reaction are measured in the drift chambers, as well as in the scintillator hodoscopes. Particle
identification was based on the Time Of Flight (TOF) measured on the path of 9.3 m. The trajectories of deuterons
were measured with a small drift chamber with hexagonal cells, placed in the area close to the beam pipe. Tracking
particles trajectories through the magnetic field in the COSY-11 dipole magnet back to the target position allowed
to determine their magnetic rigidity. For the deuterons identification three different methods were applied and they
were based on: (i) energy losses in two scintillation detectors, (i) signal (or lack of signal) in a threshold Cerenkov
detector and (iii) TOF measured on the path of about 2.3 m. The integral luminosity for each beam momentum was
determined from acceptance corrected numbers of eldptand quasi-elastipp events measured simultaneously
with d pn channel. The determinatip — dpn total cross sections for three excess energies confirm a strong effect
of the interaction in thel pn meson final state. The enhancement of the near-threshold cross sections with respect to
the phase-space behavior indicates for an effect of a strong interaction between the final state particles.



PhD theses 85

Heinz-Hermann Adam
Westféalische Wilhelms-Universitat
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Untersuchung dern — 3He - Endzustandswechselwirkung im
Reaktionskanalpd — 3Hen nahe der Erzeugungsschwelle

Munster, completion planned for 2008

Abstract:
Measurements af meson production in proton-deuteron collisions have been performed using the COSY-11 facility
at COSY (Jilich). Results on total and differential cross sections fopthe> 3Hen reaction are presented at five
excess energies between Q = 5.0 and Q = 40.6 MeV. The angular distributions show a transition from an almost
isotropic emission close to threshold to a highly anisotropic distribution at higher excess energies. The total cross
sections reveal a strong— 3He final state interaction, corresponding to a scattering lengiRel)| = (4.2+
0.5 fmandim(a) = (0.4+1.9)fm.
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Aleksander Taschner
Westfalische Wilhelms-Universitéat
taschna@uni-muenster.de

Produktion von Mesonen in hadronischen Wechselwirkungen unter
Verwendung von Clusterjet-Strahlen hoher Dichte

Munster, completion planned for 2008

Abstract:
Im Rahmen dieser Arbeit soll die Produktion von Mesonen nahe der Produktionsschwelle in der Proton-Deuteron-
Streuung am Experiment COSY-11 mit dem Munster Clusterjet-Target untersucht werden. Daruber hinaus werden
systematische Studien zur Wasserstoff-Clusterproduktion durchgefiihrt, mit dem Ziel, Targetstrahlen hdchster Dichte
fur zukinftige Experimente auf dem Gebiet der Mesonenproduktion zur Verfigung zu stellen. In diesem Zusam-
menhang wird ein Prototyp-Target entworfen und aufgebaut, wie es z.B. am geplanten PANDA-Experiment an FAIR
verwendet werden konnte.
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Pawet Klaja
Jagellonian University
p.klaja@fz-juelich.de

Study of the proton-n’ interaction in the pp — ppn’ reaction
Krakéw, completion planned for 2008

Abstract:
The COSY-11 collaboration has performed measurementspef> ppn and pp — ppn’ reactions at the excess
energyQ = 15.5 MeV. The determinegp and p — mesoninvariant mass distributions will be used for comparative
study of the interaction withiproton— mesorsystem. The elaboration of the measurement ofpthg system has
been completed and results were published in [1].
The analysis of experimental data, taken during pipe— ppn’ reaction measurement at beam momenpgn=
3.257 GeV/c will be described in the dissertation.
The differential distributions of the invariant masses for two-particle subsystepsafids, ) in the pp — ppn’
reaction will be presented and compared with theoretical predictions in view of still unknown interaction between
then’ meson and the proton.
The dissertation will comprise also an evaluation of the two-proton correlation function fppthe ppn’ reaction
which will be interpreted in the framework of the correlation femtoscopy used for the determination of the spatial
size of the reaction volume.

[1] P. Moskal et al., Phys. ReZ 69 (2004) 025203.



88 PhD theses

Joanna Przerwa
Jagellonian University
j-przerwa@fz-juelich.de

Isospin dependence of th@’ meson production in nucleon-nucleon
collisions

Krakéw, completion planned for 2008

Abstract:
According to the quark model, the massgandn’ mesons should be almost equal. However, the empirical value of
these masses differ by more than the factor of two. Similarly, though the almost the same quark-antiquark content,
the total cross section for the creation of these mesons close to the kinematical thresholgspeftipeoX reaction
differs significantly. In particular the total cross sections for ipe— ppn’ reaction close to the threshold are by
about a factor of fifty smaller than the cross sections forghe~ ppn reaction.
Using the COSY-11 detection setup we intend to determine whether this difference will also be so significant in the
case of the production of these mesons in the proton-neutron scattering.
The aim of this work is determination of the excitation function of the total cross section fpnthe pnn’ reaction
near the kinematical threshold. The comparison ofitpe~ ppn’ andpn— pnn’ total cross sections will allow to
learn about the production of tmg meson in the channels of isospin I =0 and | = 1 and to investigate aspects of the
gluonium component of the’ meson.
The method of measurement of the quasi-fpge— pmn’ reaction, as well as a way to disentangle single- and
multi-pion production in the missing mass spectrum from— pnX reaction will be also described.
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Damian Gill
Jagellonian University
damian.gil@if.uj.edu.pl

Kaon pair production in pp collisions

Krakéw, completion planned for 2009

Abstract:
Experimental results obtained at the COSY-11 installation, where the cross sections for the mBactignpK™ K~
has been determined at four excess energies belog tireson production threshold, reveal a significant enhance-
ment compared to the expectations including only the proton-proton final state interaction.
Evaluation and interpretation of a new experimental data at Q = 3 MeV which have been collected in order to learn
more about kaon pair interaction and production in the proton-proton collisions at a very threshold, will constitute
the basis of the thesis.
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Eryk Czerwhski
Jagellonian University
e.czerwinski@fz-juelich.de

Determination of the total width of the n” meson

Krakow, completion planned for 2010

Abstract:
There are many theoretical expectations which try to explain atypical properities gf theson and one of the
goals of experiments conducted at WASA-at-COSY, KLOE-2 and MAMI-C detection facilities will be to investigate
structure of that meson. For the studies of branching ratios and, in general,rpfdbeays the precise knowledge
of the total width of then’ meson may be very important.
The aim of this work is to determine the natural width of tfieneson from data of thep — ppn’ reaction measured
at the COSY-11 detection setup in Octgléovember 2006. The total width of thg will be obtained via missing
mass spectra established from measured four-momentum vectors of protons. Part of the thesis will be devoted to
describe the experimental method used and calibrations of detectors. Measurement at five different beam momenta
allows to control systematical errors. Based on simulations and on-line spectra one can expect determination of the
width of then’ meson with a precision of about 0.02 Mg which is five times better than the best achieved till
now.



PhD theses 91

Barbara Rejdych
Jagellonian University
brejdych@gmail.com

n’ meson production in quasi-freepn — dn’ reaction near threshold

Krakow, completion planned for 2010

Abstract:
Investigations of they’ meson production in the nucleon-nucleon collisions aim at the explanation of the reaction
mechanism, structure of tig meson, and its interaction with nucleons. The purpose of this work is the experimental
determination of the near threshold excitation function for pime— dn’ reaction. This process may occur only
if the isospin of the colliding nucleons is equal to zero. Thus the knowledge of the total cross section for this
reaction will deliver a complementary results to studies of the production ofi'ttmeesons viapp — ppn’ and
pn— pnn’ reactions, where the nucleons collides in the total isospin | = 1 or in the mixture of states with | = 0 and
I = 1, respectively. The determination of the isospin dependence of tiieson production in the nucleon-nucleon
interaction should reduce significantly ambiguities of theoretical descriptions of its production mechanism.
Thepn— dn’ reaction was induced by the proton beam with a momentum of 3.365 GeV/c in the deuteron target. The
identification of the reaction is based on the determination of the four-momentum vectors of the outgoing deuteron
and the spectator proton. The mespris identified via the missing mass technique.
Deuterons were registered by means of the drift chamber and scintillation hodoscope build out of five independent
detection layers. The energy loss in these five detectors will be used for the seperation of deuterons from protons
and pions.
The spectator protons were registered using a silicon-pad detectors. From the four-momentum vector of the spectator
proton the four-momentum vector of the struck neutron will be derived allowing determination of the total energy of
the colliding nucleons for each event.
The main result of the work will be the determination of the near threshold excitation function for the quasi-free
pn— dn’ reaction.
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9. Diploma theses

Michael Rook

Aufbau und Inbetriebnahme einer Dipolfelddngaschine zur Streufeldvermessung von
COSY-Dipolen

University of Cologne, Germany, 1990

Alfons Khoukaz
Arbeiten zum Aufbau eines Wasserstoff-Clustertargets
Westfalische Wilhelms-Universitat Minster, Germany, 1992

Pawel Moskal
Response Function of the Trigger Scintillator Detector for the COSY-11 Installation
Jagellonian University, Krakéw, Poland, 1993

Magnus Wolke
A large area scintillation detector with matrix readout for experiments at COSY
Westfalische Wilhelms-Universitat Miinster, Germany, 1993

Werner Hamsink
Development of a computer-assisted control system for the COSY-11 clustertarget
Westfalische Wilhelms-Universitat Minster, Germany, 1994

Stephan Brauksiepe
Die Effizienz des Zwei-Protonen-Triggers am internen Experiment COSY-11
Ruhr-Universitat Bochum, Germany, 1996

Ruth M. Woodward
Erlangen Kaon Detector for the Reaction pppK*™Lambda at COSY-11, Jiilich
Imperial College of Science, Technology and Medicine, London, Great Britain, 1996

Christoph A. Quentmeier
Aufbau eines Clustertargets und systematische Untersuchungen zur Clusterproduktion
Westfalische Wilhelms-Universitat Munster, Germany, 1997

Rudiger Grossmann

Suche nach einer schmalen Dibaryon-Resonanz an COSY-11
Universitat Tibingen, Germany, 1997
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94 Diploma theses

Dorota Wyrwa
Analysis of one and two track events in scintillation counters
Jagellonian University, Krakéw, Poland, 1997

Isabell-Alissandra Pellmann
Luminositatsbestimmung am Experiment COSY-11: Vergleich verschiedener Methoden
Westfalische Wilhelms-Universitat Miinster, Germany, 1998

Virginie Bollini
Badanie produkcji mezonéw w zderzeniach protonéw z protonami przy energii 2.4 GeV
Jagellonian University, Krakéw, Poland, 1999

Heinz-Hermann Adam
n-Mesonenproduktion in der Reaktion pd 3Hen am Experiment COSY-11
Westfélische Wilhelms-Universitat Miinster, Germany, 2000

Jacek Sobczyk
Komora dryfowa z celami szeSciokatnymi do eksperymentu COSY-11
Jagellonian University, Krakéw, Poland, 2000

Peter Winter
Erste Messung der Analysierstaerke Ay in der Reaklipr- ppn am Experiment COSY-11
Rheinische Friedrich-Wilhelms-Universitat Bonn, Germany, 2002

Christian Kolf
Spurrekonstruktion in der Hexagonal-Driftkammer am Experiment COSY-11
Rheinische Friedrich-Wilhelms-Universitat Bonn, Germany, 2002

Rafat Czyzykiewicz

n andn’ meson production in the quasi-free proton-neutron collisions at the COSY-11
facility

Jagellonian University, Krakéw, Poland, 2002

Siegfried Steltenkamp
Luminositatsbestimmung fir Proton-Deuteron-Streureaktionen am Experiment COSY-11
Westfalische Wilhelms-Universitat Miinster, Germany, 2002

Pawel Klaja
Korelacje proton-proton w reakcji pp> ppX
Jagellonian University, Krakéw, Poland, 2003
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Joanna Przerwa
Bremsstrahlung radiation in the deuteron - proton collision
Jagellonian University, Krakow, Poland, 2004

Michat Janusz
Wyznaczanie pedu Fermiego neutronu w reakcji-pgnm
Jagellonian University, Krakéw, Poland, 2004

Eryk Czerwi hski

Symulacje komputerowe reakcji pp ppn’ w celu wyznaczenia szerokosci naturalnej
mezonwn’ z pomiaréw wykonanych uktadem detekcyjnym COSY-11

Jagellonian University, Krakow, Poland, 2006

Izabela Dragowska
Symulacje kwazi-swobodnej reakcji andT w oddziatywaniu deuteronu z deuteronem
Jagellonian University, Krakéw, Poland, 2006

Krzysztof Tajchman
Wyznaczenie Swietlnosci w eksperymencie COSY-11 dla zdarzeh d+p
Jagellonian University, Krakéw, Poland, 2006

Michat Silarski

Analysis of the differential cross-sections for the reactionpppK™K ™ in view of the
KTK™ interaction

Jagellonian University, Krakow, Poland



96 Diploma theses

Michael Rook
University of Cologne

Aufbau und Inbetriebnahme einer Dipolfeldmessmaschine zur
Streufeldvermessung von COSY-Dipolen

Kdln, 1990

Abstract:
Diese Arbeit befal3t sich mit dem Aufbau und der Inbetriebnahme einer DipolfeldmeRmaschine zur Vermessung der
Streufelder von Dipolen des COSY-Speicherrings. Die Feldmelmaschine dient der Erstellung von 3-dimensionalen
Feldkarten der COSY-Dipole mittels Hallsonden, mit denen eine Ortsaufldsung in der Feldkarte von 0.1 mm erreicht
wird. Die Feldaufldsung liegt in der GréRenordnung40.
Der MeRaufbau ist so flexibel gestaltet, daR Feldkartenmessungen auch an anderen Multipolmagneten durchgefihrt
werden kdnnen. Die Steuerung des Mel3prozesses sowie die Aufbereitung der MeRRdaten wird von einem Steuerpro-
gramm Ubernommen. Erste Mel3ergebnisse zeigen, dald eine Messung der Hauptkomponente eines Dipolfeldes mit
geniigender Genauigkeit durchgefiihrt werden kann, wahrend die Bestimmung kleiner Feldkomponenten erst nach
Verbesserung der MeR3sondenhalterung zufriedenstellend erfolgen kann.
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Alfons Khoukaz
Westfalische Wilhelms-Universitat
khoukaz@ikp.uni-muenster.de

Arbeiten zum Aufbau eines Wasserstoff-Clustertargets
Minster, 1992

Abstract:

Im Rahmen der vorliegenden Arbeit wurden Komponenten fiir das Wasserstoff-Clustertarget fiir das Experiment
COSY-11 aufgebaut, weiterentwickelt und in Betrieb genommen. Insbesondere wurde die Herstellung von ak-
tivkohlebeschichteten Kaltblechen fir Kryopumpen optimiert. Die relevanten Kenngrossen dieser Pumpen wurden
anschliessend bestimmt und mit theoretischen Daten verglichen. Weiter wurde ein Monitorsystem zum Vermessen
von Clusterstrahlprofilen, basierend auf der elastischen Streuung von Elektronenstrahlen an Clustern, aufgebaut. Mit
diesem System gelang es, die relative Flachendichte von Wasserstoff-Clustern ortsaufgelést aufzunehmen, ohne den
Targetbetrieb bzw. die Vakuumbedingungen zu beeintréchtigen.
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Pawel Moskal
Jagellonian University
p.moskal@fz-juelich.de

Response Function of the Trigger Scintillator Detector for the COSY-11
Installation

Krakoéw, 1993

Abstract:
The COSY-11 experimental facility has been designed for studies of the near threshold mesons production in the
proton-proton and proton-deuteron collisions. The identification of reactions is based on the registration of trajec-
tories and velocities of the charged outgoing baryons and long lived mesons. The velocity of outgoing protons is
measured using the scintillator hodoscope comprisingstag and stopdetectors seperated by a distance of nine
meters. The fast signals from these counters are used also for the formation of the experimental trigget The
counter is build out of sixteen independent detection units forming a scintillation array with the dimensions of 160
times 45 centimeters. Each detection unit consists of the fast plastic scintillator with the dimensions of 45 x 10 x 0.4
centimeters read out on two sides by photomultipliers.
The aim of this thesis was the determination of the response of a single detection ungtaftheunter to ionizing
particles. Investigations has been conducted using the secondary pion beam at CERN and also by means of electrons
emitted from the’°Sr source. The result of studies conducted is the determination of charge and time variations of
signals as a function of the hit position. In particular it was established that the sum of charges for signals collected
at both sides is fairly independend of the position of irradiation. This observation reveald a possibility of using the
energy losses of registered particles for the triggering purposes. The work resulted also in the estimation of the
resolution of the time and position determination, and on the elaboration of a method for the correction of the time
walk effect due to the use of leading edge discriminators.
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Magnus Wolke
4 Westfalische Wilhelms-Universitat
o | magnus.wolke@tsl.uu.se

A large area scintillation detector with matrix readout for experiments
at COSY

Munster, 1993

Abstract:
Geometrical parameters of a large area scintillation wall with a matrix arrangement of the readout photomultipliers
have been optimized by means of Monte Carlo simulation to meet the requirements of a time-of-flight measurement
at the experiment E5 at the proton synchrotron COSY Juelich. A system based on short light pulses emitted by light
diodes to monitor the photomultiplier gains has been adapted to this application and was successfully tested.
Experimental results for the pulse height function of the photomultipliers from a test measurement with minimum
ionizing particles deviate for the prototype module from the Monte Carlo simulation. Neglecting the light guide
connections of the photomultipliers in the simulation is likely to explain this deviation.
Experimental values for the time resolution of the prototype exceed the theoretical expectation by about 30with the
hit position agrees with the theoretical prediction. A time-of-flight resolution of 240-260 ps depending on the hit
position has been determined for minimum ionizing particles for the combination of start and stop scinitillators in the
experiment E5. Thus, for protons with a momentum of about 1 GeV/c, a time-of-flight resolution of 195-220 ps is
expected for the next stage of expansion of the detector setup, corresponding to an estimated momentum resolution of
The center-of-gravity method for the reconstruction of the hit position showed the expected behaviour of systematic
deviations between true and reconstructed hit positions. Quantitatively, reconstructed positions are spread by 1.2
cm horizontally and 0.8 cm vertically. Consequently, the position resolution is much better than required by the
experiment E5.
Until installation of the detector in its second and final stage of expansion, an absolute calibration of the PM tubes
will be performed, and the gain monitoring system will be put into operation. A modified MC simulation describing
the experimentally determined pulse height function can be used in future to study both systematic deviations of the
reconstructed hit positions and their energy dependence and the double hit resolution of the detector.
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Werner Hamsink
Westfalische Wilhelms-Universitat

Development of a computer-assisted control system for the COSY-11
clustertarget

Muinster, 1994

Abstract:
In this diploma thesis a complete control of the COSY-11 clustertarget was developed. The existing electronic was
debugged and taken into operation. The computer control is based on an OS-9 operating system. This multitasking
system allows to run parallel several processes that can exchange information. The control of the system via con-
figuration files allows a flexible operation with the possibility to change the control software without changing the
entire programme and requires little effort to understand the functioning of the programme. In the near future the
system will be improved and documentation will be prepared to make sure that the system can be operated in the
future.
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Stephan Brauksiepe
Ruhr-Universitat Bochum
stephan.brauksiepe@koeln.de

Die Effizienz des Zwei-Protonen-Triggers am internen Experiment
COSY-11

Bochum, 1996

Abstract:
Fur das Experiment COSY-11 wurde eine flexible und schnelle Triggerelektronik fur die Untersuchung von
Schwellenreaktionen aufgebaut und erfolgreich eingesetzt. Die Triggerlogik erlaubt die Aufnahme von Ereignissen
unterschiedlicher Multiplizitaten mit einstellbaren Untersetzungsfaktoren bei beliebiger Verknupfungsmaoglichkeit.
Die ersten Messdaten der COSY-11 Installation wurden analysiert und elastisch gestreute Protonen selektiert.
Dabei wurde eine Rekonstruktion der Teilchenspuren in einer realen Magnetfeld-verteilung durchgefuhrt. Mit den
Ereignissen der elastischen Streuung konnte eine Energie-verlusteichung des Monitordetektors und des Szintillation-
szahlers S1 vorgenommen werden. Ausserdem erlaubt die Rekonstruktion der Protonen im Magnetfeld bei Kenntnis
des Trefferortes des zweiten Protons im Monitordetektor die Bestimmung des Targetortes, wodurch der Uberlapp
von Target und COSY-Strahl ermittelt werden kann. Durch Monte-Carlo Simulationen wurde die Akzeptanz der
Detektoranordnung fiir die elastische Streuung bestimmt, woraus die aktuelle Luminosiitie&m 2s1 er-
mittelt werden konnte. Bei der ersten COSY-11 MessungzZur — Produktion bei einem Strahlimpuls von 1.224
GeV/c konnte mit der Triggerlogik fur einen Zweiteilchennachweis die Zahlrate durch die Szintillatoren S1 und S2,
bei allen Multiplizitdten, von> 4kHz auf eine Triggerrate vor: 100Hz gesenkt werden, bei einer Effizienz des
Zwei-Protonen-Nachweises von tiber 8®%.



102 Diploma theses

Ruth M. Woodward
ICSTM

Erlangen Kaon Detector for the Reactionpp — pK™A at COSY-11,
Jilich

London, 1996

Abstract:
A large scintillator module with the dimensions of 65 cim24 cm was prepared by the Erlangen team with the aim
of improving theK* identification and efficiency at COSY-11. Data were taken to study the performance of this
detector in the actual experiment. The reactigm— pK*A was analyzed and compared to the standard COSY-11
setup, especially with respect to tke' detection.
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Christoph A. Quentmeier
Westféalische Wilhelms-Universitat

Aufbau eines Clustertargets und systematische Untersuchungen zur
Clusterproduktion

Munster, 1997

Abstract:
Im Bereich der Kern- und Elementarteilchenphysik stellen Streuexperimente die wesentlichen Mittel dar, Zusam-
mensetzung und Verhalten von Materie zu erforschen. Zu diesem Zweck kénnen Teilchen, zum Beispiel Protonen,
auf Energien von heute bis zu 1 TeV pro Nukleon beschleunigt und dann auf ein Target geschossen werden. Bei Ex-
perimenten mit einem Ringbeschleuniger besteht die Mdglichkeit, entweder ein externes oder ein internes Target zu
verwenden. Beim externen Target wird der Strahl aus dem Ring extrahiert und auf das Target geschossen. Teilchen,
die nicht mit dem Target wechselwirken, gehen dabei fir das Experiment verloren. Das interne Target befindet
sich hingegen direkt in der Flugbahn der zirkulierenden Teilchen im Strahlrohr. Teilchen, die nicht mit dem Target
wechselwirken, stehen nach einem weiteren Umlauf erneut fir eine Reaktion zur Verfiigung, so dass mit geringeren
Targetdichten gearbeitet werden kann. Der Einsatz eines internen Targets ist daher besonders sinnvoll, wenn Reak-
tionen unter Einzelstossbedingungen untersucht werden sollen, gleichzeitig aber eine hohe Luminositat verlangt
wird. Die Funktionsweise eines Clustertargets beruht darauf, dass das durch eine spezielle Dise stromende Gas
adiabatisch expandiert und teilweise zu kleinen Mikro-Tropfchen, den sogenannten Clustern, kondensieren kann.
Ein Clustertarget zeichnet sich durch eine hohe, variable Targetdichte im Bereich von bis zAtdfielcn?
und eine kleine, wohldefinierte Targetregion unter Beibehaltung von UHV-Bedingungen in der Streukammer aus.
Bei Proton-Proton Streuexperimenten, die an der KFA Julich im Rahmen des COSY-11 Experiments, zum Beispiel
zwecks Untersuchung der Produktionsmechanismen von Mesonen nahe der Schwelle, durchgefiihrt werden, wird ein
Wasserstoff-Clustertarget mit grossem Erfolg eingesetzt. Basierend auf dem Konzept dieses Clustertargets, wurde
ein weiteres entworfen. Ziel und Gegenstand dieser Arbeit war es, das Clustertarget aufzubauen und zu testen. In
diesem Rahmen wurden systematische Untersuchungen zur Clusterproduktion durchgefiihrt. Im Besonderen wurden
der Einfluss der Gastemperatur, des Gasdrucks und des Dusendurchmessers auf die Targetdichte detailliert unter-
sucht. Dabei zeigte es sich, dass das Clustertarget besonders hohe Dichten erreichen kann, wenn sich das Gas vor
der Expansion nicht mehr wie Ublich im gasférmigen, sondern als unterkiihltes Gas im fliissigen Zustandsbereich
befindet. Dariiber hinaus wurden bereits erste Testmessungen zur Produktion von Helium-Clustern durchgefihrt.
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Rudiger Grossmann
Universitat Tubingen

.

[

Suche nach einer schmalen Dibaryon-Resonanz an COSY-11
Tlbingen, 1997

Abstract:
In Experimenten zum doppelten pionischen Ladungsaustausch (DCX) wurde bei niedrigen Pioneinschussenergien
eine resonanzartige Struktur unterhalb der Delta-Resonanz gefunden. Diese Struktur kann beschrieben werden,
wenn zusatzlich zum konventionellen DCX-Mechanismus auch ein Prozess Uber eine Dibaryon-Resonanz ablauft.
Das Deuteron als triviales Dibaryon ist wohlbekannt, jedoch hat die hypothetische Dibaryon-Resonanz eine nicht-
triviale Quarkkombination. In gewissem Sinne stellt sie einen angeregten Zustand des Deuterons dar und wird de-
shalb d’ genannt. Da die Experimente zur DCX-Reaktion an Kernen durchgefiihrt wurden, ist die Moglichkeit nicht
auszuschliessen, dass ein Kernmediumseffekt der Grund fir diese resonanzartige Struktur ist. Um dies entscheiden
zu kénnen, muss man nach freien Dibaryonen suchen. Ein erstes Experiment zur Erzeugung von freien Dibaryonen
in Proton-Proton Kollisionen wurde 1995 am CELSIUS-Speichering mit dem WASA-PROMICE-Detektor durchge-
fuhrt. Bei der Auswertung dieser Daten konnte tatséchlich eine schmale Struktur bei einer Masse v@e®,@63
gefunden werden. Ein weiteres Experiment wurde im Juli 1996 am Cooler-Synchrotron COSY mit dem COSY-11
Aufbau durchgefiihrt. Mit der Auswertung der in dieser Strahlzeit gewonnenen Daten beschéftigt sich diese Diplo-
marbeit. Das COSY-11 Experiment ist sehr gut geeignet, um Reaktionen an der Schwelle zu messen. Es wurden
Daten bei 3 verschiedenen Strahlenergien aufgenommen, direkt an der Schwelle der hypothetischen d’-Resonanz
(po=1.360 GeVI/c), uberhalb der Schwellp€1.374 GeV/c) und unterhalb der Schwelf®%£1.330 GeV/c). Die
Existenz der d’-Resonanz konnte nach Auswertung der Daten mangels Statistik nicht nachgewiesen werden, jedoch
wurden 3 Ereignisse mit je 2 Protonen und einem positiven Pion gefunden. Mit Monte-Carlo Simulationen konnte
gezeigt werden, dass man bei der d’-Schwellenenergie jeweils ein Ereignis aus der konventionellen 2-Pion Produk-
tion und ein Ereignis aus der d’-Resonanz erwarten wirde. Dies ist in Einklang mit den Daten. Neben diesen iden-
tifizierten pprt—Ereignissen wurden auch 2-Spur-Ereigniépe, prt™ und " 1th) sowie 1-Spur-Ereigniss@t)
untersucht. Im Allgemeinen stimmen diese Spektren recht gut mit Monte-Carlo Simulationeniiberein.
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Dorota Wyrwa
Jagellonian University
dorota@mail.desy.de

Analysis of one and two track events in scintillation counters
Krakéw, 1997

Abstract:
In general, the aim of this work is to analyse the probability of distinguishing between two cases when one or two
particles are passing through a scintillator. The main information about the mechanism of losing energy by the
particles and also about the distribution of their energy loss are contained in the first chapter. In the second one the
accordance of the experimental data to the Bethe-Bloch formula in the range up to 2 GeV is examined and in the
third part the problem of the identification of very close tracks is considered. 'Close’ means that the distance of two
trajectories is so small that the drift chambers cannot resolve them. For measurementspf-thepX reactions
very close to threshold the momenta of the protons are comparable and their trajectories are very close. With the
drift chambers a resolution of two tracks as close as 3 mm is achieved. For closer tracks a separation via the drift
chamber reconstruction is not possible, these are identified as a single track. But such events could be analysed if
the particle multiplicity in the scintillator is known, the single track could be interpreted as two tracks with identical
momenta and the missing mass of the system X could be calculated. A multiplicity signal is in principle given by
the energy loss in the scintillator. Due to the energy loss distribution a clear separation of the multiplicity 'one’ and
'two’ is not efficient with a single scintillation dE/dx signal. The analysis of several scintillator elements is needed.
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Isabell-Alissandra Pellmann
Westfalische Wilhelms-Universitat
isabell@mail.desy.de

Luminositatsbestimmung am Experiment COSY-11: Vergleich
verschiedener Methoden

Miunster, 1998

Abstract:
In dieser Arbeit werden verschiedene Methoden zur Luminositdtsbestimmung am internen Experiment COSY-11
untersucht und miteinander verglichen. Die Luminositat kann aus Strahl- und Targeteigenschaften oder durch Anal-
yse von Reaktionen mit bekanntem Wirkungsquerschnitt bestimmt werden. Sie ergibt sich dann aus der Zahlrate, der
Grosse des analysierten Raumwinkels und dem aus der Literatur bekannten differentiellen Wirkungsquerschnitt. Im
Rahmen dieser Arbeit wurden die Reaktiongm— ppund pp— drt™ untersucht. Die Analyse der letztgenannten
Reaktion wurde in diesem Experiment zum ersten Mal zur Luminositatsbestimmung genutzt.
Zusatzlich wurde ein Luminositatsmonitor (Vieldrahtproportionalkammern in Verbindung mit Szintillatoren) en-
twickelt, mit dem sowohl die Luminositét online wéhrend der Strahlzeit Gberwacht als auch der Wechsel-
wirkungspunkt von Strahl und Target in Projektion senkrecht zur Strahlrichtung bestimmt werden kann. Zur Analyse
der Daten wurde ein Auswertungsprogramm entwickelt, mit dem sowohl reale Daten als auch Ergebnisse von Monte-
Carlo-Simulationsrechnungen analysiert werden kénnen. Erste Daten wurden bereits aufgenommen und bestatigen
die volle Funktionsféhigkeit des Detektorsystems.
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Virginie Bollini
Jagellonian University
virginie.bollini@ademe.fr

Badanie produkcji mezondéw w zderzeniach protonéw z protonami przy
energii 2.4 GeV

Krakow, 1999

Abstract:
Celem pracy jest analiza danych zebranych w pomiarach przyprogowej produkcji nigaezderzeniach protonu
z protonem pod katem produkcji innych mezondw na przyktad meapcay K.
Aby sprawdzt czy aparatura COSY-11 pozwala na badanie reakcji w ktérych produkowane sa raeeonit
dane przeanalizowano poszukujac zdarggu: pp — ppX, pp— prt-X orazpp— pK*X. Identyfikacja zdarze
pochodzacych z reakcpip — prtn pozwolita na wykonanie wstepnej kalibracji nowo zainstalowanego detektora
neutronowego.
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Heinz-Hermann Adam
Westfalische Wilhelms-Universitat
adamh@uni-muenster.de

n-Mesonenproduktion in der Reaktion pd — 3Hen am Experiment
COSY-11

Minster, 2000

Abstract:
In der vorliegenden Arbeit wird die Produktion dgsMesons in der Reaktiopd —3 Hen bei einem Q-Wert von
10.8 MeV (peta— Schwelle= 1.572 GeV/c,psiran = 1.593 GeV/c) am COSY-11-Experiment untersucht. Diese
Reaktion ist deshalb besonders interessant, weil mit inr zwei konkurrierende Modejlézoduktion getestet wer-
den kdnnen. Dabei handelt es sich um das sogenannte Resonanzmodell und das Zwei-Stufen-Modell.
Bisherige Messungen an COSY (GEM), CELSIUS (WASA-PROMICE) und SATURNE (SPES2) konnten noch
keine eindeutige Aussage fir oder wider eines der beiden Modelle machen. Bei COSY-GEM existiert bisher nur
ein Datenpunkt bei Q = 49.3 MeV, der mit dem Resonanzmodell in Einklang steht. Die Ergebnisse von WASA-
PROMICE sind bisher nur vorlaufig und kdnnen daher noch nicht eingeschéatzt werden. Die Datenpunkte der
SPES2-Kollaboration reichen nur bis zu einem Q-Wert von 7 MeV und werden durch das Zwei-Stufen-Modell
gut beschrieben. Weitere Messungen nahe der Schwelle sind also zur Klarung notwendig.
Die COSY-11-Kollaboration plant daher Messungen bei einem Q-Wert im Bereich von 0 bis 50 MeV. Der in dieser
Arbeit ermittelte Wirkungsquerschnitt bei Q = 10.8 MeV ist hierbei ein erster Schritt, weitere Daten fir Q = 40
MeV stehen zur Analyse bereit. AuSSerdem sind Messungen zur Regidies® Hen’ vorgesehen bzw. bereits
vorgenommen worden.
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Jacek Sobczyk
Jagellonian University
sobczyk@img-pan.krakow.pl

Komora dryfowa z celami szé&ciokatnymi do eksperymentu COSY-11
Krakéw, 2000

Abstract:
Tematem pracy jest budowa nowej komory dryfowej do eksperymentu COSY-11 pracujacego na akceleratorze
COSY-Juelich. Komora te pozwala na rozszerzenie akceptancji COSY-11 na olaszgchipedéw. Jej szczegdina
cecha jest rama do mocowania drutéw w ksztaicie litery U, zliwiajaca rejestracje toréw czastek w pabli
jonowodu z petna wydajrszia. Komora zawiera cele stokatne utaone w siedem ptaszczyzn detekcyjnych
pozwalajacych na tréjwymiarowa rekonstruk§dow. Druty katodowe wykonane sa z aluminium, co znaczaco
ogranicza efekt rozpraszania katowego czastek. Wstepne testy komory przeprowadzono ze zrédtem promieniotwor-
czym%5Fe. Jako gaz roboczy zastosowano mieszanke gazowa P10. Testy potwierdzity sfckelmory oraz
prawidtowe dziatanie poszczegdinych cel.
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Peter Winter
University of Bonn
peter.winter@psi.ch

First measurement of the analyzing powetA, in the reaction pp — ppn
at the experimental facility COSY-11

Bonn, 2002

Abstract:
Measurements at the experiment COSY-11 at the synchrotron COSY in the Research Centre Jilich prioritise studies
of near threshold meson production in nucleon-nucleon collisions. Due to the high momentum transfer between the
baryons involved such experiments are sensitive on small distances and the relevant interactions in these regions.
Experiments on meson production therefore enable to understand the fundamental hadronic interaction and the un-
derlying reaction mechanisms.
A study of the influence of higher partial waves succeeds with polarization observables which are sensible thereon.
The analyzing power represents besides the spin correlation coefficients one of these measurands. For its determina-
tion the polarization of one of the two colliding particles is necessary.
First results of the analyzing power are presented using data in the reggtionp pn taken at the experiment facil-
ity COSY-11 with a beam momentupheam= 2.096GeV/c according to an excess energy Q = 40 MeV. A selection
of the pm final-state is done via a kinematical complete reconstruction of this three body system. The determination
of the relative luminosity of both spin states is based on the simultaneous measurement of the elastic proton-proton
scattering.
Individual interference terms of amplitudes of partial waves were determined and enables a comparison with theo-
retical forecasts.
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Christian Kolf
Universitat Bonn
kolf@th.physik.uni-bonn.de

Spurrekonstruktion in der Hexagonal-Driftkammer am Experiment
COSY-11

Bonn, 2002

Abstract:

The experimental facility COSY-11 at the cooler synchrotron and storage ring COSY at the Research Center Julich
investigates the production of small width mesons in the proton-proton- and proton-deuteron-interaction close to
threshold. At COSY-11, the trajectories of positively charged ejectiles are measured by means of two planar drift
chamber systems. In summer 2000, a drift chamber with hexagonal cells was added to the COSY-11 setup. Conse-
quently, the acceptance for short-living, positively charged mesons like pions and kaons increases. The trajectories
in the hexagonal chamber can be determined with the new track reconstruction software in three dimensions. With
the data of the COSY-11 beamtime in March 2001 a calibration was performed. The position resolution, determined
as the standard deviation of the experimental data, amounts o850
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Rafat Czyykiewicz
Jagellonian University
r.czyzykiewicz@fz-juelich.de

n and n’ meson production in the quasi-free proton-neutron collisions at
the COSY-11 facility

Krakow, 2002

Abstract:
Both, the structure of thg’ meson as well as its production mechanism are still under strong discussion and de-
bate. The most possible hypothesis concerning the explanation of the almost three times larger mass for this me-
son observed experimentally relative to the theoretically calculated mass is a gluonium admixturg’tovélve
function. This gluonium admixture should reflect itself in the production yield offtheneson in proton-neutron
collisions. Since the production of meson through the gluonium exchange is isospin independent, the ratio
Ry = Opnpmy/Opp—ppy Close to threshold is expected to Bg = 1, after corrections for initial and final state
interactions. The close to threshaid production in proton-proton collisions has already been investigated at the
COSY-11 facility. Cross section values in the threshold region have been measured. However, until now no data
have been taken for th§ meson production in the proton-neutron collision. In order to investigate'tpeoduc-
tion in proton-neutron collisions at the COSY synchrotron, the COSY-11 facility has been equipped with two new
subsystems, namely the neutron detector and the spectator counter. The optimization of the topography for these
additional detectors, the selection of the most suitable beam momentum and a discussion for the method of luminos-
ity determination for the quasi-fregn — pnn(n’) reactions are presented in this thesis. Rates for the production of
n andn’ mesons in proton-neutron collisions at COSY-11 have been estimated. For the calculations a special fast
program has been written.
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Siegfried Steltenkamp
Westfalische Wilhelms-Universitat
steltes@uni-mainz.de

Luminositatsbestimmung fur Proton-Deuteron-Streureaktionen am
Experiment COSY-11

Munster, 2002

Abstract:
Im Rahmen dieser Arbeit soll die integrierte Luminositat fir die Bestimmung des Wirkungsquerschnittes der Reak-
tion pd —3 Hen ermittelt werden. Als Referenzreaktion wurde die elastische Proton-Deuteron-Streuung simultan
gemessen. Diese Arbeit befasst sich neben dem experimentellen Aufbau und einer kurzen theoretischen Einleitung
zunéchst mit der Simulation und Analyse von Daten der elastischen Proton-Deuteron-Streuung. In der Simula-
tion beziehungsweise Analyse wird durch Vergleich von generierten und analysierten Daten eine Aussage Uber die
Genauigkeit der Rekonstruktion gemacht. Hierzu wurden Ereignisse simuliert, bei denen verschiedene Aspekte, wie
zum Beispiel der Einfluss des Targetdurchmessers oder der Einfluss einiger Storeffekte, genauer untersucht werden.
Der zweite Teil der Arbeit befasst sich mit der Bestimmung der Luminositat fiir die gemessenen Strahlimpulse von
1,581 GeVlc, 1,593 GeV/c, 1,602 GeV/c, 1,612 GeV/c und 1,655 GeV/c. Die Bestimmung der Luminositét besteht
aus zwei Schritten.
Im ersten Schritt werden die vom Untergrund separierten gemessenen Ereignisse der elastischen Proton-Deuteron-
Streuung ausgezalt. Uber Monte-Carlo simulierte und analysierte Daten wird die Akzeptanz des Detektorsystems
fur die elastische Proton-Deuteron-Streuung bestimmt. Im zweiten Schritt mussen die Wirkungsquerschnitte der
elastischen Proton-Deuteron-Streuung bei den untersuchten Strahlimpulsen aus den Literaturdaten bestimmt wer-
den. Da keine Wirkungsquerschnitte bei den untersuchten Impulsen vorliegen, werden sie mittels der bekannten
Literaturdaten interpoliert.
Zum Schluss wird aus den interpolierten Wirkungguerschnitten sowie aus der ermittelten Akzeptanz und den vom
Untergrund getrennten gemessenen Ereignissen der Referenzreaktion die integrierte Luminositat bei den einzelnen
Strahlimpulsen bestimmt.
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Pawet Klaja
Jagellonian University
p.klaja@fz-juelich.de

Korelacje proton-proton w reakcji pp— ppX
Krakéw, 2003

Abstract:
Praca péwigcona jest analizie danych z eksperymentu przeprowadzonego przez grupe badawcza COSY-11 w Cen-
trum Badawczym Jiilich w Niemczech. Celem tej pracy jest pokazanie jak korelacja pomigdzy para protonéw,

ktérych pedy mierzone sa w reakgip — ppX pozwala okrélic mechanizm tej reakcji.

Szczegdblna uwaga pwiecona jest produkcji mezomy Narzedziem pozwalajacym dokdngakiej analizy sa
rozktady koincydencji proton-proton. Badanie jgkwego i ilGciowego zachowania tych rozktadéw beopoz-
wolic na wyciagniecie ciekawych wnioskéw o mechanizmach regkeji- ppX.

W pracy opisane sa wlas&t mezonu oraz mechanizmy produkcji mezonéw (mezatyi ) oraz przedstawiony

jest teoretyczny opis rozktadéw koincydencyjnych ze szczegélnym uwzglednieniem funkcji korelacii.

Praca zawiera opis poszczegdélnychati@iktadu detekcyjnego COSY-1%ytego do pomiaru reakcpp — ppX.
Analiza danych opisana w pracy, przedstawia gmkowe zachowanie rozkladéw koincydencyjnych proton-proton
dla reakcjipp — ppn zmierzonej przy pedzie wiazki.@259 GeV/c, oraz poréwnanie funkcji korelacji wyliczonej

z danych déwiadczalnych z modelowymi funkcjami korelacji dwéch zatoych mechanizméw produkcji mezonu

n.

Pomiary koincydencyjne iich analiza pozwolita otrzyemeowe, niedostepne w pomiarach inkluzywnych informacje
0 mechanizmie produkcji mezomuw zderzeniu proton-proton. Rozmiary zrédta, z ktérego emitowane sa protony
przy produkcji mezonuy, sa wyraznie wieksze od rozmiaréw zrodta emisji protondw przy produkcji jednego lub
dwu pionéw. Kret wzgledny pomiedzy para protondéw a nierejestrowanymi czastkami jest znacznie wigkszy dla
pionéw (~ 6) niz dla mezonu (~ 0).
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Joanna Przerwa
Jagellonian University
j-przerwa@fz-juelich.de

Bremsstrahlung radiation in the deuteron - proton collision
Krakéw, 2004

Abstract:
Despite the fact that Bremsstrahlung has been observed many years ago, it is still the subject of interest of many
theoretical and experimental groups. Due to the high sensitivity ditde~ NN gamma reaction to the nucleon-
nucleon potential, Bremsstrahlung radiation is used as atool to investigate details of the nucleon-nucleon interaction.
Such investigations can be performed at the cooler synchroton COSY in the Research Centre Julich, by dint of the
COSY-11 detection system.
For the first time at the COSY-11 experiment signals from gamma-quanta were observed in the time-of-flight distri-
bution of neutral particles measured with the neutral particle detector.
In this thesis the results of the identification of Bremsstrahlung radiation emitted vigpthed py reaction in data
taken with a proton target and a deuteron beam are presented and discussed.
The time resolution of the neutral particle detector and its timing calibration are crucial for the indentification of
thedp — dpy reaction. Therefore, methods of determining the relative timing between individual modules — con-
stituting the neutron detector — and of the general time offset with respect to the detector components are described.
Furthermore the accuracy of the momentum determination of the resistered neutron which defines the precision of
the event reconstruction was extracted from the data.
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Michat Janusz
Jagellonian University
m.janusz@fz-juelich.de

- vafifu.

Wyznaczanie pedu Fermiego neutronu w reakcjipd — pnm
Krakéw, 2004

Abstract:
Celem tej pracy jest wykonanie wstepnej analizy danych oraz wykonanie energetycznego cechowania detektora
spektatora. Dotychczas kwaziswobodne pomiary przyprogowej produkcji meganeakcji pd — pnpspn poz-
wolity zbada zalendst catlowitego przekroju czynnego w zakresie catkowitej energii dostepnej w ukiaidriéa
masyQ od 16 - 109 MeV. W zakresie ciepta reakcji od 0 - 16 MeV nie wykonano jak dotad pomiaréw. W czerwcu
2002 grupa badawcza COSY-11 wykonata pomiar prsagj reakcji bardzo blisko nad progiem przy optymalnym
pedzie wiazki protonowej wynoszacym 2.075 GeV/c. Analiza danych pozwoli na zbadanie catkowitego przekroju
czynnego we wcZmiej niepoznanym obszarze.
Bardzo interesujacym problemem jest fakt oddzialywania badanego mezonu z nukleonem w Steaieyko
Wykorzystujac poréwnanie catkowitych przekrojéw czynnych na produkcje mezendwy w zderzeniach pro-
tonu z neutronem i protonu z protonem bedziezlivee uzyskanie informacji o strukturze mezonu Informacje
uzyskane podczas przeprowdzonego pomiaru produkcji megzenteakcji pn — pnpspn wykorzystane zostana do
przygotownia podobnego eksperymentu z produkcja meganBomiar ten jest planowny na sierpig004 roku.
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Eryk Czerwhski
Jagellonian University
e.czerwinski@fz-juelich.de

Symulacje komputerowe reakcjipp — ppn’ w celu wyznaczenia
szerokdsci naturalnej mezonun’ z pomiarow wykonanych uktadem
detekcyjnym COSY-11

Krakéw, 2006

Abstract:
Zagadnienia fizyki zwiazane z mezonem zyskaly ostatnio dze zainteresowanie w zwiazku z badaniami
planowanymi na akceleratorach COSY, @¥E—-2 oraz MAMI-C, gdzie mezon’ bedzie wytwarzany w reakc-
jach odpowiednio hadronu z hadronem, elektronu z pozytonem oraz kyatadronem. Badanymi obserwablami
beda miedzy innymi szerokoi czastkowe mezomy na rozpady z udzialem mezondworaz leptonéw. Precyzja
wyznaczenia szerokai czastkowych w przypadku gdy lovy bedzie tylko pomiar stosunku rozgatezienia, bedzie
zdeterminowana doklad&oia z jaka znana jest catkowita szerskoaturalna .
DotychczasTy zostata wyznaczona jedynie w dwoch beainich pomiarach ze wzgledna precyzja 30%
oraz 50%. Srednia wartét z tych pomiaréw wynosi 0.3G 0.09 MeV/c? i rézni sig znaczaco od wagoi
0.202+ 0.016 MeV £2 okreslonej p&rednio ze stosunkow rozgalgizieraz kombinaciji szerokwi czastkowych
otrzymanych z przekrojow czynnych. Znacznie bardziej precyzyjny &epai pomiaf,, rzuci noweSwiatto na
te rozbigncse.
Celem tej pracy jest okétenie z jaka dokladriwia mana wyznacz§ szerokét naturalng’ mezonun’ na pod-
stawie reakcjipp— ppn’ zmierzonej uktadem detekcyjnym COSY-11 oraz opracowanie planu przysztego ekspery-
mentu wraz z oszacowaniem czasu jego trwania, aeakiskazanie w jaki sposéb najezmodyfikowa aktualny
uktad pomiarowy, aby uzyskaznaczaco lepsza doktadszo(conajmniej o czynnik pig) od obecnej. Opracowanie
opiera sie na informacjach uzyskanych z trzydniowego testowego pomiaru omawianej reakcji, ktéry odbyt sie w
pazdzierniku 2003 roku. Ponadto wykorzystane zostaly catkowite przekroje czynne na ngpkejg@pn’, ktore
zostaty zmierzone w poprzednich latach przez grupe badawcza COSY-11 w oparciu 0 wyznaczenie masy brakujacej
produktéw do reakcjpp — ppX.
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Symulacje kwazi-swobodnej reakcjinn — dr w oddziatywaniu
deuteronu z deuteronem

Krakoéw, 2006

Izabela Dragowska
Jagellonian University
izud@poczta.onet.pl

Abstract:
Celem tej pracy bylo przeprowadzenie symulacji reakeji— dr, zachodzacej jako kwazi-swobodny proces
w zderzeniach deuterondwld — psppspdTt ), sprawdzenie akceptanciji uktadu detekcyjnego COSY-11 na pomiar
tego procesu oraz oszacowanie dokianavyznaczenia masy brakujacej i energii dostepnej w zderzeniach neu-
trondéw.
Symulacja byta przeprowadzona dla pedu wigzki wynoszaéggg, = 2600 MeV/c. W wyniku wykonanych
obliczen wykazatam ze najbardziej prawdopodobne jeas, proton spektator pochodzacy od wiazki zostanie zare-
jestrowany przez detektor D3, natomiast uktad dwdch komér dryfowych D1 i D2 zarejestruje deuterome oraz
catkowita akceptancja systemu detekcyjnego COSY-11 na reakejedrt realizowana poprzedd — psppspdiT
wynosi A =3.9 103,
Nastepnie zaktadajaze przekréj czynny na reakcign — dmr jest taki sam, jak przekréj czynny na reakcje
pp — dit™ oszacowatamze za pomoca uktadu detekcyjnego COSY-11 i synchrotronu COSY bedzeame-
jestrowa& okoto 5000 reakcjnn — drt~ dziennie. Obliczona niepew&Ddpomiaréw wyznaczenia energii dostepnej
na reakcjenn — drr wynosi 7 MeV (szerokst w potowie wysok@ci). Wynika ona z rozdzielcaai pedowej po-
miar6w protonéw spektatoréw.
Z symulacji przedstawionej w tej pracy wynikae pomiaru przekrojow czynnych na produkcje mezanu
w zderzeniach neutronéw raoa dokona za pomoca aparatury COSY-11 i synchrotronu COSY. Wykonane
obliczenia wykazujaze w czasie kilkudniowego pomiaru bedzie ma zarejestrowaponad 16 zdarzé.
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Krzysztof Tajchman
Jagellonian University

WyznaczenieSwietlnosci w eksperymencie COSY-11 dla zdarzed+p
Krakow, 2006

Abstract:
Tematem pracy jest wyznaczengvietindsci w pomiarach przyprogowej produkcji mezondww reakcjach
dp— dpn orazdp — 3Hen. Pomiary te przeprowadzone zostaly na akceleratorze COSY z zastosowaniem sys-
temu detekcyjnego COSY-11. Do wyznaczegisietindgci wykorzystany zostat proces elastycznego rozprasza-
nia d-p oraz, niezalmie, proces rozpraszania kwazi-elastycznego p-p. Procesy te byly rejestrowane réwnolegle
z reakcjami produkcji mezondw. W pracy przedstawione zostaty dane literaturowe dotyczaesiazkowych
przekrojow czynnych dla elastycznego rozpraszania d-p i p-p oraz opisano zastosowana parametryzacje przekrojow
czynnych w funkcji pedu wiazki i przekazu czteropedu dla d-p oraz pedu wiazki i kata rozproszenia tﬁavpe-p
tino&t zintegrowana wyliczona zostata przez poréwnanie zarejestrowanych rozktadéw katowych dla liczldy zlicze
z rézniczkowymi przekrojami czynnymi opisywanymi przez zastosowane parametryéwjetlna’st’: wyznaczona
w oparciu o rozpraszanie elastyczne d-p jest o ok. 15% wiekgZawigtindt znaleziona w oparciu o rozpraszanie
kwazi-elastyczne p-p. Rozliecst ta mana zrozumié biorac pod uwage efekt zastaniania protonu przez neutron
w deuterze, co prowadzi do mniejszego przekroju czynnego na kwazi-elastyczne rozpraszanie p-p w poréwnaniu
z przypadkiem rozpraszania elastycznego p-p.
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Michat Silarski
Jagellonian University
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Analysis of the differential cross-sections for the reactiopp — ppKK~
in view of the K™K~ interaction

Krakow, completion planned for 2008

Abstract:

Measurements of thep — ppK™ K~ reaction, performed with the experiment COSY-11 at the Cooler Synchrotron
COSY, show a significant difference between obtained excitation function and theoretical expectations including

pp-FSI. The discrepancy may be assigned to the influen&e"#f~ or K p interaction, which may manifest itself in

the distributions of the differential cross-section. This thesis concerns analysis of the event distributions as a function
of the invariant masses of two-particle subsystems. In particular the analysis will be based on generalization of the
Dalitz plot proposed by Chodrow. In the investigation the experimental data, obtained from two measurements at
excess energies ¢ = 10 MeV and 28 MeV, will be compared to the results of Monte Carlo simulations generated

with various parameters of the€" K~ andK p interaction.
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