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Preface

The workshop an "Scalar Meson Production at ANKE/COSY was held at the Madralin
Conference Center of the Polish Academy of Sciences close to Warsaw, Poland, an
May 22/23, 2002. The meeting was jointly organized by the Andrzej Soltan Institute for
Nuclear Studies (IPJ) and the Institute for Nuclear Physics of the Forschungszentrum
Jülich GmbH (FZJ). It was the third in a series of topical workshops of the ANKE col-
laboration, the first took place at ITEP, Moscow (2000) 1 and the second at PNPI,
Gatchina (2001) 2 .

During the workshop the tatest experimental results an the production of ap+(980) reso-
nances in proton-proton interactions, obtained with the ANKE spectrometer at the syn-
chrotron COSY-Jülich, were intensively discussed . 15 scientists from Poland, Russia
and Germany joined the workshop and 11 talks were presented . These presentations
focussed an yet unpublished data from ANKE, an possible theoretical interpretations of
these data, and an future measurements at ANKE. In addition, two talks were given an
related experimental results from other facilities (WASA@CELSIUS, TAPS@AGOR&
GSI) .

The workshop benefitted greatly from financial support by the German Ministry for Edu-
cation and Research (BMBF)3 , the Polish State Committee for Scientific Research
(KBN) and the board of management of the FZJ which is gratefully acknowledged . Last
but not least we would like to thank the local organizers for the organization of the meet-
ing. We enjoyed very much the inspiring atmosphere at the Madralin Conference Center
which led to extremely lively and fruitful discussions .

Jülich, June 2002

Markus Büscher, Vera Kleber and Iza Zychor

I Berichte des Forschungszentrums Jülich, Jül-3801, ISSN 0944-2952, Editors M.Büscher and V.Kleber (July 2000)
2 Berichte des Forschungszentrums Jülich, Jül-3922, ISSN 0944-2952, Editors M.Büscher, V.Kleber, P.Kulessa and M.Nekipelov (Nov . 2001)
3 WTZ-POL-99/007, WTZ-POL-01/015
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Investigation of Light Sealar
at ANKE

M . Büscher

Institut für Kernphysik
Forschungzentrum Jülich

52425 Jülich
Germany
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The investigation of the light scalar resonances ao / fo(980) has attracted wide interest
during the last decades, both an the theoretical and experimental side. However, it is
not clear yet whether they are members of a J' = 0+ qq nonet or whether they have a
different structure . Some authors claim (see e.g . [1]) that these states are of dynamical
origin, e.g . genereted via strong final-state interaction (FSI) effects . The existing data an

the production of the light scalars in pp, 7r-p and p(450GeV)p reactions do not allow to
draw unambiguous conclusions about their nature . The experimental program an the pro-
duction (in pp collisions) and decay of the ao / fo(980) [2,3] with the ANKE spectrometer
at COSY-Jülich aims at additional information which might be sensitive to the structure
of these resonances .

In a first set of experiments the reactions pp -3 dK+Ko and pp ---> d7r il were studied
up to the maximum COSY beam energy of Tp = 2.83 GeV by detecting two coincident
charged ejectiles, dK+ or d7r+, with high momentum resolution . This beam energy is
ideally suited to study the production of the pure isospin (I=1) state aö close to the
KK threshold . It has been pointed out [1] that reactions of the type pp -> dP1 P2 (the
Pi denote pseudoscalar mesons) are sensitive to both the meson-meson and meson-baryon
final-state interaction, in particular close to threshold where FSI effects are supposed to
be large. Furthermore, the deuteron in the exit channel is a spin-/isospin filter which
might simplify the interpretation of the data .
The first measurement was carried out in the beginning of 2001 at Tp - 2 .65 GeV. Both

reaction channels could be identified, the data are almost background free for the dK+

case, whereas the q signal sits an a huge background in the d7r+ missing-mass distribution
[4,5] . It is expected that the total production cross sections (for KK and 7ril), differential
distributions like Dalitz plots (see also [6]) and angular distributions can be extracted from
the data . However, it will be difficult to model-independently determine the fraction of
resonantly produced KK pairs since only a limited mass range of OMKK -- 45 MeV/c2
is accessible in this experiment .
The (very perliminary) shape of the K+K mass distribution measured during a second

beam time at Tp = 2.83 GeV in spring 2002 agrees well with model predictions [7] . Since
these data cover a significantly wider mass interval, OMKK -- 100 MeV/c2 , it should be
possible to separate the aö signal from the non-resonant background [4] .
A proposal [3] to measure the production of the neutral a0')/ fo resonances in pn -> daölfo

reactions has already been approved by the COSY-PAC and three weeks of beam time
have been granted. It is planned to perform the measurements in 2003 using the detectinn
system for K- mesons which has been taken into operation in spring 2002 . Additional
information about the structure of the neutral scalar states might be obtained here from
the measurement of isospin breaking ao (I=1)-fo(I=0) mixing [3,8] .

[1] E.Oset et al ., Eur.Phys.J 12 (2001) 435-446; nucl-th/0109050 .
[2] M.Büscher et al ., COSY proposal #55, available via www .fz-juelich .de/ikp/anke.

[3] M.Büscher et al., COSY proposal #97, available via www .fz-juelich .de/ikp/anke .

[4] V.Kleber, contribution to this workshop .
[5] P.Fedorets, contribution to this workshop .
[6] A.Sibirtsev, contribution to this workshop .
[7] V.Grishina, contribution to this workshop .
[8] C.Hanhart, contribution to this workshop .
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Scalar rnesons above and below 1 GeV

Frank E. Closel
Department of Theorelical Physics, University of Oxford,

Keble Rd., Oxford, 0X1 3NP, United Kingdom

Nils A. Törngvist 2

Dept of Physical Sciences

University of Helsinki, Finland

Abstract

We show that two nonets and a glueball provide a consistent de-
scription of data an scalar mesons below 1.7 GeV. Above 1 GeV the
states form a conventional qI nonet mixed with the glueball of lattice
QCD. Below 1 GeV the states also form a nonet, as implied by the
attractive forces of QCD, but of more complicated nature . Near the
center they are (gq)3(qq)3 in S-wave, with some qq in P-wave, but
further out they rearrange as (gq) I (qq) 1 and finally as meson-meson
states . A simple effective chiral model for such a system with two
scalar nonets can be made involving two coupled linear sigma models .
One of these could be looked upon as the Higgs rector of nonpertuba-
tive QCD .

l e-mail : F .C1oseOphysics .ox .ac .uk
2 e-mail : nils .torngvistChelsinki .f i
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Measurement ofthe aö (980)
at ANKE

" Deuteron in final state --> (iso-)spin filter

" Detection of both decay channels in a single experiment

" Good missing mass resolution Am - 10 MeV/c2

" Determination of absolute production cross sections

H2 cIuster
target (Univ.Münster)

momentum

p(2 .65 . . .2 .83 GeV)p ---> da',
K+Ko

momentum, (MeV/c)

Clean sample of

pp ---> d K+ (n+) X
events

M.Büscher, (D 2002
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COSYbeam-time schedule 2002
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aö (980) mesons at ANKE

T = 2.65 GeV

OKK ' 46 IVIeV'

Nc efiiefency correctionl

MeV/C2) , mm(d), (MeV/c2
-600 events

900 1000 1100

M .Büscher, (D 2002



aö (980) production Cross section
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Dalitz Plot for the reaction
p(2.65 GeV)p ~ dK+RO
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2. ANKE
Proposa197 (M. Büscher):
The proposal to study the ao properties at ANKE (proposal 1155) had received strong support from the
PAC, resulting in 2 weeks of beam-time allocation in 2001 . The collaboration has carried out the
measurements and observed evidence compatible with ao production in pp -) dao+ reaction at 2.645
GeV . Based an these data, they propose to study neutral scalar meson (a00/fo) production in pn
collisions using a deuteron cluster-jet target and a new detection system for negatively charged
particles, available in the beginning of 2002 .

The PAC expressed its

	

nimous appreciation for the proposal . The physics case of the nature and
the dynamical interaction of the ao(980) and fo(980) is one of the open problems which need
clarification . The proposal represents a focussed effort that might lead to new knowledge . In addition,
possible effects of isospin violation can also be investigated, which could represent an interesting
cross check of the results of the experiment 59.5 . In conclusion, the PAC feels it is important to verify
that the observed events actually do represent an ao . PAC thus encourages the collaboration to carry
out detailed Dalitz analyses . With this caveat, the PAC accepted the

	

roposal and agreed with the
estimate, based an the counting rate for the ao+ production, of th4ks necessary to collect few
thousands of neutral scalar mesons . The collaboration is encouraged to present a request for beam
time at the November PAC meeting .



aolf~(980) mesons @ANKE

" violates isospin symmetry
" 'new' observabie

	

structure of ao/fo
" distorts angular distributions

	

" Asymmetric analyzing power

45 90 135 180
c.m. emission angle, [degr.]

	

c.m . emission angle, [degr.]

olarized proton beam

" Neutron target -> s ectator proton detection

" Detection of n gativ ly charged decay products

K+K-

45 90 135 180

al challenes

M.Büscher, (D 2002



K detection @ANKE
Commissioning
Spring 2002

1

Spectator
counters

F_! K .

Long-term perspectives

First measurements, Feb./March 2002 : p(2.83 GeV)p --> pp 0
Plans: pn -> d aolfo , 0 and

	

pA -~ KKX

spectator and vertex detectors
polarized beam&target: double polarization exp's HK ) .C,), 14 .31

frozen-pellet target: high luminosity

	

a at 1 �, ;3()
photon detector. neutral mesons, . . .

	

dd--> 4He aö

M.Büscher, (D 2002



The reaction dd -~ 4He a.ö

dd -.> 4He ao is forbidden, if isospin is conserved

isospin-breaking mechanism

" Observation of dd -~ 4He nii
= indication of isospin violation !

" Needs photon detection

" pbeam - 3.7GeV/c!

" Possible advantage compared to dd --~ 4He n°

iw~yi?a '/iltw



20



Status of Data Analysis :
pp ---> dK+K'

at ANKE

V. Kleber

Institut für Kernphysik

Forschungzentrum Jülich

52425 Jülich

Germany
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Two experiments an the production of the aö (980) resonance in pp collisions have
recently been performed with ANKE at COSY Jülich . The first was carried out in the
beginning of 2001 at an energy of T=2.65 GeV, the second in the beginning of 2002 at
T=2.83 GeV. The goal of these experiments is to investigate the aö (980) resonance, a
candidate for the light scalar meson nonet, in the reaction pp --> da' .
The ao (980) is known to decay into KK, 7rr7 and 21y. At ANKE the deuteron and the

decay K+ or 7r+ can be detected . The mesons are identified by TOF and energy loss, the
coincident deuterons by their TOF relative to the mesons. Subsequently the aö (980) is
investigated with a missing mass analysis .
The focus of this talk an aö (980) data analysis are the investigations of the KK decay

channel at T = 2 .65 GeV . A clean sample of about 600 dK+K events is obtained due
to the unambiguous identification of K+ mesons and deuterons at ANKE as well as to
energy and strangeness conservation .

In the missing mass distribution m(pp, d) a narrow peak structure is observed, mainly
given by the KK production threshold (mmin=992 MeV) and the COSY beam energy of
T=2.65 GeV (_mmax=1038 MeV) . Due to this limited mass interval it is difficult to judge
whether the KK pairs have been produced via an aö or not . The missing mass m(pp, K+)
allows to investigate the FSI of the d and the Ko . The experimental distribution is
compared with predictions by Oset et al . for a certain set of parameters [1] . It looks quite
different but the data is not acceptance corrected yet . It becomes clear from the following
transparencies that the acceptance is rather flat for the m(pp, d) distribution but varies
strongly in case of m(pp, K+).

In order to perform a model-independent acceptance correction it is necessary to deter-
mine the acceptance in dependence of all kinematic variables which describe the reaction .
The two squared invariant masses of the Dalitzplot and two angles (azimuthal deuteron
angle, angle of the K+K plane to the deuteron - beam axis plane) have been chosen .
The acceptance has been obtained as a four dimensional matrix in dependence of these
variables . Any distribution will then be corrected model independent with this matrix
(i .e . independent of the initial distribution at the target) as it has preliminarily been done
an transparency 10 as an example . The performing of acceptance correction has just been
started . The experimental resolution has to be included and the procedure to be checked
though .
The -600 experimentally observed dK+K events correspond to a total cross section

of (50 f 6 f 16) nb. According to the prediction of the model developed by L .Kondratyuk
et al . [2,3] these events dominantly stem from aö production .
A preliminary analysis of the new data at T=2.83 GeV has been performed . Again

clean dK+K events can be identified and the mass interval m(pp, d) became substantially
wider which will make it easier to determine the ratio of nonresonantly and resonantly
produced K+K pairs . A rough estimation of the Cross section at this energy yields
6(2.83GeV) - 3 - u(2.65GeV) .

In order to complete the analysis of the 2001 data the acceptance correction has to be
performed . For the new data the first and most important task is an improvement of the
momentum reconstruction in the forward detection system .

[1] E .Oset et al ., EPJA 12, 435 (2001)
[2] V .Yu.Grishina et al., EPJA 9, 277 (2000)
[3] V .Yu.Grishina et al., Phys. Lett . B 521, 217 (2001)



Status of Data Analysis :

p+p--->d+K'+K°
at ANKE

p+p--~d+aö
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both decay channels ao ---> KK / nil
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The goal of the investigations at ANKE is a simultaneous measurement of two decay
channels of the aö resonance : aö ~ 777r+ and aö --> K+K° . It is expected that differential
and total cross sections for both channels as well as therr branching ratio can be extracted
from the data .
The measurements were performed at two different energies ; T = 2 .65 GeV in Jan-

uary/February 2001 and T=2.83 GeV in February/March 2002 . The status of the data
analysis for the K+K° channel was shown by V.Kleber . In this report the current results
for the 7r+77 channel are discussed .

According to the compilation by the PDG, the 7r+77 channel is the dominant ao decay.
At ANKE this channel was detected using the forward detection system (3 MWPCs,
scintillator hodoscope) for deuterons and the positive side detection system (TOF-Start
counters, 2 MWPCs, side-wall counters) for pions .
The Separation of pions from protons was achieved by TOF between the TOF-Start

and side-wall counters . The information from the MWPCs was used for the rejection of
scattered background . The deuterons were discriminated against fast protons via a 2d
Plot, Ot (between 7r+ and a forward particle) versus then momentum of the forward
particle .
About 120 .000 deuteron-pion pairs were selected at T = 2.65 GeV. Most of them are

background events from multi-pion production . There is a shoulder around 980 MeV
(m(aö)) in the missing mass distribution mm(pp, d) . The distribution of mm(pp, d7r+)
contains a background distribution with a distinct peak at the mass of the 71 meson .
After background subtraction, assuming a uniform behavior under and outside the peak,
2300 events remain in the missing mass distribution mm(pp, d) . These events are peaked

at 980 MeV with a width of 40 MeV. This is a strong indication, that the peak in
mm(pp, d7r+) at 540 MeV is connected with the pp --> daö ---> dr/7r+ reaction . The missing
mass spectra are without efficiency and acceptance corrections though .
During the data analysis it was found, that the 71 peak from mm(pp, d7r+) is not seen

in each side-wall counter . The peak is absent in the counters 1,2 (lower momentum) and
starts to be visible from counter 3 and increases wich the Counter number (counter 6 is
switched off from the trigger) . However, the shoulder at m(aö) is present in the mm(pp, d)
distributions for each side-wall counter. As a first attempt to understand this behavior,
GEANT simulations of the reaction pp -> daö -3 dg7r+ including the procedure of mo-
mentum reconstruction were performed . The simulations Show that from counter 1 to
counter 5 :

- the number of d7r+ events going into the ANKE acceptance increases ;

- the width of the peak in the mm(pp, d7r+) distribution decreases from 50 MeV to
25 MeV.

This might explain the observed suppression of the il peak in the lower counters .
For T=2.83 GeV about 370 .000 deuteron-pion pairs were selected . The range of

the missing masses is larger due to the larger available phase space. In the mm(pp, d7r+)
distribution there is no distinct q peak visible . The Parameters of the momentum recon-
struction in the forward direction are not finally established though.
As a conclusion, we can say, that the 7r+,q decay channel can be detected at ANKE, but

the background reactions demand a more detailed analysis . For the analysis of the angular
distributions we need acceptance corrections, which are in progress now.
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The WASA (Wide Angle Shower Apparatus) is a large acceptance detector system
installed at the CELSIUS accelerator and storage ring located at The Svedberg Laboratory
in Uppsala, Sweden . CELSIUS provides a high-quality proton beam up to 1360 MeV
incident kinetic energy. The WASA set-up has been built around an internal pellet target.
The target system provides a stream of hydrogen pellets of about 40 Mm in diameter and
a production rate of the pellets of about 8 kHz.
The detector has the capability of measuring photons, electrons and hadrons . It has

been designed to study rare decays of light mesons, the q meson in particular, as well
as to measure total and differential cross sections for meson production in pp, pd and
dd interactions . More information an the WASA detector can be found in Ref . [1] . The
detector now is after the commissioning phase and the precise calibration of the central
calorimeter is in progress.

Physics program
Since the q meson is an eigenstate of both C and CP a violation of these symmetries

can be searched in the decays of this meson. There is no precise experimental limit for
the CP violation in the flavor conserving sector . The experimental limits an some decay
channels are not very stringent . Moreover even the most frequent decay channels of the
meson are not well understood. The decay rates q -> 7r+7r -7r° are sensitive to the mass

difference mu - md and the Dalitz decays can give new information about the meson
transition form factor .
The near threshold meson production can be sensitive to short range interactions be-

cause large momentum transfers are involved . The small number of partial waves that
are involved make the theoretical analysis simpler .

Some results
An extensive study of the 7r - and 77 production near threshold has been done with the

forward part of the WASA detector, 2x56 CsI crystals from the central calorimeter and
a cluster gas-jet target . The deuteron target was used to study the 77 production in the
proton-neutron interactions .
On the basis of the obtained results the following conclusions can be drawn :

1 . The energy dependence of the cross section for pp --+ pp7r° near threshold is well
described by phase space modified by pp final state interaction, but the absolute
value of the cross section is much higher than expected from pion rescattering alone .
This confirms an earlier finding of the Indiana group [3] . Heavy meson exchange and
off-shell modification of the 7rN is needed . It was shown that already at an energy
of 310 MeV the higher partial waves became important and the Sd state strongly
influences the pion angular distribution via its interference with the Ss state [4]

2 . An enhancement was observed close to threshold in the ratio between the measured
cross section and the phase-space predictions both in pp -> pp7l and pn -> dr7 reac-
tions [5] . This is most probably due to the strong attractive 77 -nucleon interaction .

3 . The production of the 77 in pn interactions is about 6.5 times more abundant than
in proton-proton collisions [6] .



4 . The cross section for pp --> pp7r+-ff - was found to be much smaller than previously
reported by an old experiment an a deuteron target .

5 . The relation between the cross section for the pion pair production with different
charges are not well described by a model assuming the Roper dominance .

Running experiments and perspectives
At present multiple production of neutral and charged mesons in proton-proton inter-

actions are being studied . It will permit to understand the response of the detector to
different types of particles and the background for the study of 0 decays . The data are
being collected for a high statistic study of the 77 -> 7r°7r°7r° , 77 -~ ir°7r- 7r+and q -> 7r-7r+,y
decay channels . The 77 --> 7r+7r- e+e- decay will be measured in the nearest future . The
energy upgrade of CELSIUS will open up new physics possibilities, such as 77' and 0 me-
son production and decay studies . The production of the q-7r system near threshold can
be studied as well . Since the invariant mass of the r77r system is small relative s-wave
production should dominate . Therefore we will have access to the production of the ao
tail .
The CELSIUS/WASA Collaboration has an extended program of studies of rare decays

of the ~q meson . This will allow to search for violation of fundamental symmetries in
the flavor conserving sector and to provide crucial tests of Chiral Perturbation Theory .
The differential cross sections of single and multiple production of light mesons will be
measured at energies above 1 GeV .

[1] A .Kupsc at the Meson 2000, Cracow, Poland, Acta.Phys.Pol .B 31(2000)2249
[2] R.Bilger et a1 .,Nucl.Phys.A663 (2000) 1073
[3] H .Calen et al ., Phys.Lett . B336 (1996) 39
[4] J .Zlomanczuk et al ., Nucl.Phys . A663 (2000) 452
[5] H .Calen et al ., Phys.Rev.Lett . 80 (1998) 2069
[6] H .Calen et al ., Phys.Rev . C 80 (1998) 2667
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Heavy-ion collisions are the only, currently available, experimental tool to explore the
phase diagram of nuclear matter . A hot and compressed reaction zone is created through
multiple nucleon-nucleon collisions, in which the initial longitudinal momentum of the
projectile is dissipated . Nucleon-nucleon collisions allow not only for a conversion of
longitudinal momentum into transverse momentum, but also for the creation of secondary
particles . At energies per nucleon below the free pion production threshold (280 MeV)
the created particles are pions, hard photons (Ey > 30 MeV) and, extremely rarely,
heavier mesons like q or K+ . These particles witness the early phase of the reaction, the
phase of maximum energy and matter density . Favorite particles are energetic photons,
as they escape the creation zone without the disturbing influence of final state strong
interactions . On the contrast, the observed pion yield is significantly reduced, due to
strong reabsorption effects, compared to the primordial pion flux .

Extracting the information relevant to the thermodynamical state of the dense reac-
tion zone, the principal goal of these investigations, is far from being straightforward .
The complicated many-body problem of heavy-ion collision has to be studied with the
use of sophisticated transport models extrapolating the free nucleon-nucleon interactions
towards increased nuclear density. As an alternative, an empirical approach can be envis-
aged, which is based an the comparison of various observables between heavy-ion collisions
and proton-nucleus collisions . Since in the Gase of proton-nucleus collisions a compres-
sional phase is very unlikely, the in-medium effects can be studied without the complex
dynamics and thermodynamics of heavy-ion collision .
Photon and neutral meson production was studied with the TAPS spectrometer . Ex-

periments were performed with a 180A MeV Ar beam at SIS (GSI Darmstadt) and a 190
MeV proton beam at AGOR (KVI Groningen) . Experimental data an pion reabsorption
processes were obtained at AGOR and GANIL (Caen) .

In the 180A MeV Ar+Ca reaction a variety of observables have been obtained . The
production of the neutral mesons 7r° and q was studied, pointing to the important role of
secondary processes when the production becomes deep-subthreshold (beyond the simple
cooperative addition of the Fermi momenta to the beam momentum) . The correlations
between neutral pions and protons revealed the presence of A-resonances. Assuming
isospin symmetry, the analysis demonstrated that more than half of the observed pions
originate from A-resonance decay. Finally, the careful evaluation of neutral pion con-
tribution to the total photon spectrum allowed the extraction of the direct hard photon
spectrum, expanding our knowledge an the photon production studied previously at and
below - 100A MeV. The observed cross section of hard photons is much larger than the
extrapolation of the existing systematics .

190 MeV proton-induced reactions allowed a simultaneous study of hard photon and
neutral meson production . The energy spectra were measured up to their kinematical
limits . From the target mass dependence of the cross sections the transition between
surface production and volume production was clearly demonstrated .
The important problem of pion reabsorption in nuclear matter was studied in Ar-

induced reactions at 60A MeV and 95A MeV an various targets . A simple geometrical
model with momentum-dependent absorption length was developed and applied to the
existing data . The principal conclusion is that the angular distribution of primordial pions
is independent of the beam energy and collision system : the observed anisotropic angular
distributions can be explained as a result of pion reabsorption in nuclear matter .
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Reaction Kinematics and Dalitz plot for proton-
proton collisions .

Is

	

it

	

possible

	

to

	

isolate

	

different

	

prod uction
mechanisms?

" Partial wave decomposition of dK+Ko
system .

0
Final state interaction between deuteron and K .

o First model results .

Identification of Resona nt aö Structu res

in the dK+Ko Dalitz Plot

What is the difference between aö resona nce and

K+K0
non-resona nt system i n s-wave?

The strategy!

Conclusions and perspectives will be given through
my presentation .



" Reaction Kinematics .

some simple relations useful for the construction
of experimental measurements and theoretical
models

" Reaction threshold in NN collisions :

Invariant collision energy =
s=2MN(2MN + Tbeam)
s=(total mass of final particles) 2 =(~

" Accelerators :

IUCF, CELSIUS, SATURNE, COSY

f) 2

state IUCF CELSIUS SATURNE COSY

NN7r 0 .28 0 0 0 0
NN77 1 .25 0 0 0
NAK 1 .58 0 0
NEK 1.788 0 0
NNw 1 .89 0 0
NN77 / 2 .40 0 0
NNO 2 .59 0 0



" High

	

beam

	

energy

	

resol ution

Reaction cross section u as function of n-body
final phase space ~n and production matrix
element M(gbn)

07 - f 1

	

f IM«Dn) I2 d(Pnlux

-_
(2~3)(n -1)/2 (~ mf )0

.5

9Dn

	

2P[1 .5(n-1)]

	

mf)
1 .5 (N78-

(~

- ~ mf = E ~-excess energy

u(NN--~NNM, NN~NYM) oc E2

f1
\ 1.5n-2 .5

Very strong phase space dependence . Small (even
negl igi ble) error i n reconstruction of E m ight ca use
enormous variation in u
E c [1-->100 MeV] ~ ~ C [1104]

lt is usefu I to i m plement red uced cross section
= U/E2

9 For n = 3 : NN~NYM

d(b3 = dSKydSNY,

where SKY and sNy are squared invariant energies
of the prod uced KY and NY su bsystems .



o

	

Da I itz plot

du -_ 1 IMI2
dsK+Kpds0d	647r5 (s 2 -4smp)

	

'

and matrix element M depends an invariant
collision energy \1-s, invariant masses of the final
KY and NY subsystems and other independent
invariants, which were over integrated within the
Da I itz plot representation .

However, to study structure of K+K0
subsystem

and FSI induced structure of K0d subsystem we
should perform partial decomposition of the three
body final state, i .e . to move beyond the Dalitz
plot ana lysis .

Let me denote by large S, P etc . orbital angular
momentum of the K+K0

subsystem wich respect
to the deuteron, while small s, p, etc. i s the orbital

angular momentum of the K+KO subsystem itself.

Beca use of the qua ntum nu mbers conservation,
the lowest allowed final state are Ps or Sp or
their mixture . The Ss final state is forbidden .

Nevertheless, in the following figures the
unphysical Ss calculations will be also shown in
order to illustrate the difference with respect to
the Ps, Sp final states as weil as thei r mixtu re .
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" Calculations for pp-->K~K0d reaction at proton
beam energy of 2.85 GeV. Dalitz plots are shown
for Ss (a) and Ps final states . The Dalitz plot
projections for K+K0 (c) and dK0 (d) su bsystems
are shown by the hatched histograms for Ps and
by open h istogra ms for Ss states .
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o Calculations for pp->K+K
0
d reaction at

2 .85 GeV . Dalitz plots are shown for Ss (a) and

Sp fin al states . The Dalitz plot projections for

K+
Ko

(c) and dK0 (d) subsystems are shown

by the hatched h istogra ms for Sp and by open

histograms for Ss states .
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Moreover, calculated projections are the same as
resu lts shown in :

E .Oset, Jose A . Oller and Ulf-G . Meissner, Eur.
Phys . J . A12 (2001) 435,

" V. P. Chernyshev, P.V . Fedorets, A. E . Kudryavtsev
and V.E . Tarasov, nucl-th/0110069 .

lt is absolutely clear that Ps and Sp final
states have different signatu res and what is more
i mporta nt - both of them strongly d iffer from Ss
resu lts .

Moreover, K+
K0

squared invariant mass
distribution seems to be more sensitive the the
partial wave content .

Now, I would like to understand whether the
mixture of Ps and Sp final states can emulate
the results from unphysical Ss calculations .
Whether possi ble observation of uniform ly
occupied Dalitz plot might contradict the
qua ntu m number conservation low .
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9 Calculations for pp-->K+K()d reaction at

2.85 GeV. Dalitz plots are shown for Ss (a) and

mixed Ps and Sp final states . The Dalitz plot

projections forK+

Ko

(c) and dK0 (d) su bsystems

are shown by the hatched histograms for mixture

of Sp and Ps states and by open histograms for

Ss states .
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" Calculations for pp->K+KOd

2 .85 GeV. Dalitz plots are shown for Ss (a) and Ps

final states . The Ps calculations as well include

the f in al state interaction between the deuteron

reaction at

Il n

and K -meson . Th e Dalitz plot projections for

K+KO (c) and dK0 (d) subsystems are shown

by the hatched histograms for Ps state with KOd

FSI and by open h istogra ms for Ss states without

FS I .
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" Calculations for pp--->K+K
0
d reaction at

2.85 GeV. Da I itz plots are shown for Ss (a) and Ps

final states . The Ps ca lcu lations i ncl ude the Kid

final state interaction and resonant structure of

the KRK° subsystem . The Dalitz plot projections

for K+KO (c) and dK0 (d) subsystems are shown

by the hatched histograms for Ps state with Kid

FS I and aö and by open h istograms for Ss states

without FS I .



Conclusions

o The Sp and Ps fi na I states of pp->K+KOd
reaction ca n be d isti nguished experi menta I ly, if
they are not mixed . The Ps state alone might be
identifyed and K+

K0
su bsystem i n s-wave ca n be

studied . The aö-meson denotes as well a K+
KO

system i n s-wave .

" lt is important to measure the K+
KO

angular
distribution to ensure independently s-wave .

" Withi n ANKE kinematics the range of measured
K+
K0

invariant mass is too small to conclude
whether the K+

KO
system in s-wave has some

resonant structure or not .

"

	

lt seems to be a bsol utely i mpossi ble to d isti ngu ish
between resona nt a nd non-resona nt contri bution
to pp--~K+KOd reaction when K+

KO
subsystem

is in s-wave . But it is valuable to concl ude about
p-wave contribution to produced K+

KO
state .

" The fi nal state interaction between the deuteron
0

and K -meson should be well identified, if such an
interaction actually exists . If not - it might ma ke a
troubles in our understanding of the pp--->K+KOd
reaction mechanism .
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Hyperon production in pp~pK+Y reactions
at 2 .65, 2.7 and 2.83 GeV.
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" 2 .70 GeV is close to the production threshold of E(1480)
with quantum numbers I=1 , Jp =?', I' = 30 - 80 MeV
and branching ratios KN/A7r = 0.7±0 .5, A7r/E7r = 0 .8±0 .5

" 2 .83 GeV is 19 MeV above the threshold of 11(1520) production whereas the
11(1520) has a width of about 16 MeV

r
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INTRODUCTION

Presented in this report are the results of the first fast analysis of the data an
hyperon production in pp interactions obtained as a by-product during nix weeks
of beamtime at COSY proton beams. The cluster target has been used providing
luminosities of (1 - 4) - 1031 cm-2s-l with beam intensities of about (2 - 4) - 1010
stored protons . The main goal of these studies is not to give the final answer an
cross sections or branching ratios but to understand how effective ANKE can be
used in this field of physics . Most attention has been paid to E(1480) which is
marked in the 'Review an Particle Properties' by the Particle Data Group wich
one Star only and presented not as a particle but a bump wich unknown quantum
numbers and uncertain decay branching ratios .
For this analysis there were no special studies of the K+ detection efficiency in
the telescopes . This has been done and described several times before . There were
also no special studies of the forward MWPC efficiencies for track reconstruction .
A fast analysis showed that in February-April 2002 it was higher than in Febru-
ary 2001 (about 50%) .
To minimize background to the level of less than (10-15)% rather strong TOF
Cuts were applied to select protons in the forward detector and protons or pions
in the side detector in coincidence with K+ mesons . In this case pion or proton
detection efficiencies were estimated to be about 80% . The side MWPCs track
reconstruction efficiency was estimated as (85-90)% . No analysis of the informa-
tion from the negatively charged particles detector has been done.
During these beamtimes we used the side wall detector for the K+ detection for
the firnt time . To make the studies an hyperon production more complete several
additional figures are presented . These data were analysed in 2001 and presented
by Polina Kravchenko at the Gatchina workshop in June 2001 (nee proceedings) .



" trigger 1 : K+ mesons (TOF) in the 'proper' start-stop combinations (tele-
scopes) in coincidence with any particle in the forward hodoscope

" trigger 2 : 999 times prescaled signals from FD counters were used for lumi-
nosity studies from pp-elastic and pp -> d7r+

" only one layer of the side wall (SW1) was working, SW2 was off . SW1 did
not fit to the kaon detection and its position was good for FSI studies but
not the best for PFD - PSD - K+ correlation studies

" SW1 was shifted side-close to telescope 15 . The momentum gap in the region
of 600 MeV/c disappeared and SW1 could identify p and 7r+ with momenta
up to 1000 MeV/c (restricted by SD-MWPC2)

DETECTOR POSITIONS AND TRIGGER CONDITIONS

T = 2.65 GeV, pp -~ daö beamtime

negatively charged particle detector (ND) was not yet ready

T = 2.83 GeV, pp --+ daö beamtime
set-up : the side wall set-up was strongly modified

SW2 was an and moved downstream from SW1 to a distance of - 2 m. At this
position SW2 allowed us (by TOF) to select kaons (the number of identified
kaons in SW2 corresponds to 35% of the kaon count rate in telescopes 8-15
used for aö studies) . SW2 in this position was able to analyse kaons in the
momentum range of 600-900 MeV/c but the range of 600-700 MeV/c was
shaded by the telescopes . In the future it will be good to shift SW2 by 10-
20 cm away from the telescopes and to move it closer by 40-50 cm to SW1 .
lt will make SW2 more efficient in the range of 600-1000 MeV/c

" ND was an (two MWPCs, 20 start counters and 16 stop counters) . Starting
from run 4507 it is possible to detect and analyse particles with momenta
above 350 MeV/c . Low momenta stop counters are in progress



" trigger 2 : unchanged

trigger conditions

" trigger 1 before run 4507: coincidence of kaons in TEL or SW2 with any
particle in FD and no signal from ND

" trigger 1 after run 4507: coincidence of kaons in TEL and SW2 with any
particle in FD . ND was not in the trigger but partially read out or had its
own trigger

" trigger 5 : coincidence of kaons in TEL or SW2 with any particle in FD and
any particle in ND

" trigger 4 : coincidence of kaons in TEL or SW2 with any particle in ND
requiring no signals from FD

2 .70 GeV, pp --> ppo beamtime
The set-up was the Same as for 2 .83 GeV,

only two triggers were deployed

" 5 ND Cherenkov counter were tested

" trigger 2 : unchanged

" trigger 4 : kaons in TEL or SW2 in coincidence wich particles in ND



EVENT SELECTION

Since we understand the operation of plastic scintillation counters slightly bet-
ter than the operation of MWPCs, the first stages of kaon separation from Back-
ground were done with the information from the scintillation counters only .

l . First step : Cuts an TOF . Shown in the upper-left subfigure an the next three
pages is the TOF distribution between the Start and the stop / sidewall
counters . The Cuts were 2-3 times stronger than in the hardware fast trigger
for both telescopes (kaon TOF peak around 300+/-20) and SW2 (kaon TOF
peak around 375+/-25) .

2 . Second step for daö : For hits in the telescopes a cut an energy loss in the
De-counters (bottom-left) is done, for hits in SW2 a coincident hit in SWl
is demanded .

3 . Next step : Selection of coincidences with particle signals which were not
included in the hardware trigger (e .g . 7r+ or protons in telescopes or in SWI) .

4 . Sometimes veto signals were used to suppress background (more than 50 ch.
in the TOF distribution between the stop and veto counters (top-right) and
energy loss cuts (bottom-right)) .



The MWPCs were only used at a stage close to the final analysis of the da-
ta and it helped to better understand the Crack reconstruction efficiency of the
SD-MWPCs. This is demonstrated with the next figures where the inefficiency of
the SD-MWPCs is determined at different stages of the analysis (described in the
previous chapter) .
Each figure consists of 6 subfigures . The upper left figure Shows the TOF distri-
bution for particles passing the Start and stop counters (left peak) and particles
passing the Start and the side wall counters (right peak) . Only valid Start-stop
combinations are taken into account . The upper right figure contains the TOF
distribution between the stop and the veto counters in the telescopes . Pions cause
a prompt peak, kaons a delayed signal . The middle left figure reflects the devi-
ation from a straigt track line starting at the target (left : telescope hits, right :
side wall hits) . The right-middle distribution Shows the inefficiency for each stop
and SW2 counter . In the lower left figure the energy loss of particles in the DE
counters is presented, in the lower left figure the energy loss in the veto counters
is shown.
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SD-MWPCs are used after the first analysis step
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track reconstruction
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TOF-cut

SD-MWPCs are used after the second analysis step
Run/ 669. haons . TOFtel-15. DeQ-200. TOFswl -sw2-25. FD-p. trgl
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SD-MWPCs are used after the third step, when kaons were selected
in coincidence wich a FD-proton, a second proton in the telescopes

or SWl and a particle in ND
Run4508-710.kaons. TOFtel-20 . TOFsw2-25.MWPC-p.SW1-ha.Fd-MWPC.trg5

Run4508-710zka-TEI20-SW25 .M VAL
.SVACTe-.~'d-MWPC .trg5 18/05/2002-12 .20 .55
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inefficiency of
track reconstruction
TEL15: 0.1, SW2 : 0 .3

inefficiency of
track reconstruction
TEL15 : 0.14

SW2: 0.1+/-0 .05



DeQ-cut

Kaon spectra at 2 .83 GeV from telescopes with delayed Veto
Run4468-710 .Sa-ka . Veto50.DeQ150.trgl
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Conclusion :
The efficiency of track reconstruction by the SD-MWPCs

is not worse than 0.9!

The bad efficiency determined after the first analysis steps is caused by Back-
ground only .

Proposal: The best way to check this efficiency is to apply the delayed veto
criteria. For the next figures this has been done.

Comment: The 4-fold coincidence (K+ in SD, p in SD and FD and any particle
in ND) is very useful . Kaon are seen in the telescopes with very small background
although only the TOF-criterion was used . Therefore this event sample has been
used to determine the efficiency of the cut in the veto counters. In the future the
same procedure can be performed to determine the efficiency of the cuts in the
DE-counters .

delayed Veto - cut
(prompt peak is at -50)

inefficiency of
track reconstruction
is 0 .05 for telescopes
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Kaons at 2 .83 GeV from te18-15 and SW2 used also for dK+K°

Run4468-710.Sa-ka . TOFte1-15 . TOFsw2-25.DeQ200.SW1-ka .Fd-p .trgl
(efficiency distribution not valid)

pp--pK.Y-2.83GeV
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KAONS IN SW2

studies

5

0

uestion : Do we really see kaons in SW2?
The answer comes from the pp -> K+pM, missing mass distribution .
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Let's use only the MA = 1116 MeV region of the missing mass distribution in
order to select clean events .



Kaons at 2 .83 GeV for te18-15 and SW2 from pp ---> K+pA
Run4468-710.Sa-ka . TOFtel-15 . TOFsw2.DeQ200.SW1-ha.Fd-p .trgl

(efficiency distribution not valid)

pp--pK.Y-2 .83GeV FINALSPECTEA
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Cut in pp ---> K+p(M, r 11) missing mass distribution :

Conclusion : When the reaction is well identified (11(1116)) kaons are Seen
in SW2 practically without Background (see upper left subfigure) . This proves
that the particle in SW2 really are kaons . The peak of MA has it's maximum at
-1140 MeV though???
Following Isa Zychor's studies let's slightly vary the Fd-MWPCs geometry.
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Xl=-55 .03cm

	

Pd interval

	

X1=-55.08cm

in

MOMENTUM RECONSTRUCTION
The figures an the previous pages showed that the efficiency of kaon track

reconstruction of the Sd-MWPCs is about 95% but the peak of the A(1116) is
located at - 1140 MeV . The next missing mass distributions Show the sensitivity
of Mx to the position of the X1 plane of FD-MWPC1 the deuteron momentum .

pp -> dK+(M,--~K°) at Tp = 2830 MeV
Runs4467--710. TEL8-15. TOF15, Vertl0.De200.FD-d.trgl

1600-2100
MeV/c

2100-2550
MeV/c

2550-2950
MeV/c

Questions : Do calibration reactions provide 0 .05 cm accuracy? Are we such
precise in geometry of the beam, target and device?
Conclusion : X1=-55 .08cm looks better. Let's take it!



1 . Experiment
events at M, > 1 .3 GeV are from

A(1405) and E(1385) production
or background from
pp--~K+NA(1116)7r with

< MA, >= 1367 MeV
pp-->K+NE(1193)f with

<ME,r >=1415 MeV
pp---~K+NY7r7r with

< MY� >= 1440 MeV

2 . Simulations of
pp->K+NA(1116) and pp--~K+NE(1193) :
peaks are caused by vertex protons
events at Mx > 1.23GeV are due to protons
from Y-~p7r
Conclusions : no events at Mx > 1 .35GeV

tat
and=6.6±0 .6

?KPE
About pp-->K+NY7r background :
lf QK+NY,r = OrK+NY * a
then in the region T=1 GeV (from literature) :
ce = 1

	

for K-p--~7rA and
ce = 1

	

for 7rp-BKA
no data an pp-->K+NY7r

3 . Simulations of
pp->K+NY7r
Conclusions : a~0.12 and
N(E(1385)) + N(A(1405)) < 300

HYPERON STUDIES

pp ---> K+pM, at Tp = 2.65 GeV

900

7G0

500

~oun um ¢w 1300 X400 X500

~v_-wvx. 7,(1480)

missing mass

	

GeV



K+p(M, = 7r+ + x) correlations
Experimental data

K+ in telescope, p in forward detector

7r+ in telescopes (MWPC1 and 2 were used for pinn selection)

no processes :

	

pp -~ K+p11,

	

pp --> K+pE0

should be seen :

	

pp

	

K+pA*--~Kpl7r+7r -n
pp K+pA*->Kpl 7r+E_

pp -3 K+pEo*--~Kp17r+7r-n
pp -~ K+pEO*-->Kp17r+E_

pp K+nE+*->Kp27r+7r-n

practically no background at Mx < 1 .300 GeV



K+p(M, = -ff+ + x) correlation
Experiment

Simulations : az+rczne0.12

Conclusion : 'A = 55± < 30%,

	

-^ = 35~?E ,

pp-->KNY7r7r is not yet considered (it should give a peak around 1440 MeV)



Conclusion :

tot
1.~ = 6.6 J- 1 .0

KpE

This result is more or less reliable, since is checked in the frame of
two models .

or tot
2 .

	

tot

	

= 55 ± 18 and

	

= 35 :h?
0,KpA(1405)

	

01KpE(1385)

Only stat-model was used to get this result . Since Tp = 2 .65 GeV is
close to the thresholds of E(1385) and A(1405) production the Y*N
final state interaction must be important .

" Peak (??) at 1450 MeV can be connected wich pp-}K+NFFY or
pp->K+pE(1480) . The last reaction is of utmost interest, because
properties of E(1480) are practically not known .
Analysis of these assumptions is in progress .

" In oder to understand the nature of this peak one needs :

- Highest possible beam energy ;
- more statistics .

3 . It has been shown that the cross sections for pp--~K+NzY are
rather high and it

" practically closes the door for heavy hyperon studies in two-fold
coincidences



Trigger 5 :
kaons (selected by the delayed veto
criterion) in coincidence with FD protons
and in coincidence wich Nd particles
No Y peaks . The first peak is caused
by protons from Y decays . The second
one is a mixture of different processes .
This trigger seems to be the best for Z+
studier but with the Nd analysis and in
coincidence with 7r+ in TEL . Kaons must
be analysed without veto criteria .

pp -~ K+pMx at Tp = 2830 MeV

Trigger 1 (after Run1507) :
kaons (selected by the delayed veto
criterion) in coincidence with FD protons
and in anticoincidence with Nd particle .
2000-2500 ev. in the region of 1400 MeV
can be treated as E(1385) and 1(1405) .
A 350-400 ev. enhancement at ti 1480 MeV.
Is it E(1480) ??

Trigger 1 (before Run1507) :
kaons (selected by the delayed Veto
criterion) in coincidence with FD protons
and with not clear information from Nd .
This is equivalent to the rum of the two
previous figs . It contains 25% of the total
statistics and was used only for studier of
K+ , 7r+ , PFD coincidences .

Conclusion : after a small X1 change the Y peaks are in proper positions . 2-fold
coincidences contain not enough information for heavy hyperons studies .
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E(1480) production in pp at 2 .83 MeV (3650 MeV/c)
pp->pK+E° (1480), S ° (1480) --+ r, - (1197)7x+ or --+ E+(1189)7r-

Event selection : K+ were detected by the telescopes only in the
momentum range of 150-600 MeV/c (angular acceptance of 12°) . De-
layed veto signals were used in the Software trigger . A 7r+ or p in
coincidence wich kaons was detected by the complete side detector
(SD or Side) in the Same angular interval and 150-1000 MeV/c mo-
mentum range . Protons in coincidence wich pions and kaons were
detected by the forward detector (FD or Forward) in the angular
interval of 8° and the 1000-3300 MeV/c momentum range (criteria
of event selections are practically the Same as for 2 .65 GeV) .
The following name convention has been used for the shown missing
mass spectra for triple coincidences (x+ : 7r+ or proton in SD) :

1 . pp->K+x+Mx . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . mmSideSide

2 . pp->K+pMx . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . mmSideForward

3. two dimensional distribution of 1 . and 2 . . . mmSideVSForward

4. pp->x +pmx . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . mmSide2Forward

5 . pp->K+x+pMx . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . mmSideSideForward

6. two dimensional distribution of 2 . and 5 . . . . mmSdSdVSSdFd

7. two dimensional ditribution of 4. and 5 . . . . . mmSdSdVSSd2Fd

On the next four pages triple coincidences of a K+, a proton and a 7r+ are
shown . In the subsequent 7 pages coincidences of a K+, a proton and second
proton with different trigger conditions are presented and finally the data at
Tp =2 .7 GeV for K+pp coincidences are shown.



pp -->K+7rSdPFdM� Tp = 2830 MeV, trigl

Missing Mass (MeV). Two Side and One Forward Partielel 4/05/2002-14.59 .23
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In the pp-->K+pM., mm-spectrum (2) three peaks are Seen . Two of them about

50 MeV wide are at 14005 MeV and 14807 MeV can correspond to 11(1405) and

Eo (1480), decaying into 7r+E - (1197) (see peak at ti1200 MeV in pp--~K+7r+pM,)

or into -r- E+ --> 7r- 7r+n . E° (1385) -->7rE is suppressed since the branching ratio

of this decay mode is 12% only .

Does the sharp enhancement at 1525 correspond to 11(1520)???
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After a mild cut an pp-->K+7r+pM., with Mx =1200±50 MeV there are no
serious changes for A(1405) and E°(1480) . Nn(1405)tiNE(14s0) .The sharp enhance-
ment at 1525 MeV disappears.
For checking it is good to analyse data with trigger 5 . To see pp-->K+pY* reac-
tions with Y*-->7r-E+ decays we must analyse data from Nd (if we have enough
statistics) .
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A puzzle : after the strong cut an pp--~K+7r+pM., wich Mx =1200±30 MeV
practically nothing changes for A(1405) but the S ° (1480) mass becomes narrow-
er (-40 MeV) . Why???
May be there is still influence by pp--~K+p(n7r) reactions or we also analyse
pp--~K+n(Y*)+-~K+nur+Y->K+n7r+7r-p--~K+7r+pM' with the Fd-proton stem-
ming not from the reaction vertex but from a Y* decay. In both cases stronger
Mx cuts decrease the influence of there channels . Simulations must be performed
in order to help to understand this situation .
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pp ->K+7rSdpFdMx, Tp = 2830 MeV, trigl
additional cut : pp->K+per+(Mx > 1290)

Missing Mass (MeV). Two Side and One Forward Particle) 4/05/2002-15 .23 .07
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The peak at 1525 MeV is connected to a three particle missing mass Mx-1320 MeV.
Whether this can possibly be 11(1520) only simulations will Show . To increase
statistics we must select K+ without delayed veto information .
It also is necessary to study the pp -->K+7rNdPFdM, channel from the data with
trigger 5 .



pp --~K+PSdPFdMx, Tp = 2830 MeV, trigl
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TOF criteria were such that K+ are in telescopes and in (SW2-SW1), protons
PSd are in tel . and SW1 and PFd protons in Fd . No signals from Nd . After the
Xl-shift peaks corresponding to A, E, 7r - , K- and (D are at the proper masses
within 0 .5% (accidental???) . But for the events pp->K+psdM., the width of A
peak is 26-28 MeV (as expected) whereas for pp--~K+PFdM, it is 48 MeV and as
a result the 7r- peak is 60 MeV wide .
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pp -}K+PSdPFdMx, Tp = 2830 MeV, trigl
additional cut : pp-}K+p(Mx > 1250) -~ search for Y* production .
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A (65-70) MeV wide peak of about 600 events is seen at Mxr1400 MeV in both
pp--~K+psdM., and pp-~K+PFdM., mm-spectra. This peak could be the sum of
two 45 MeV wide hyperons (SO (1385)-->A7r0 -}p7r - 7r' , E°(1385)--~E+7r-->p7r°7r-)
and (A(1405)--~S °7ro --~A-y7r o --~p7r --y7ro , A(1405)--~E+7r- --~p7r0 7r- ) . Since here
only trig 1 events are analysed, the 7r - must be either soft (P,r- < 350 MeV/c)
or escape out of the close-to-target region of A, E decays at angles larger than the
ANKE acceptance . No evidence of E(1480), only an enhancement of 30-40 events.
Is it a problem of acceptance? This will be clear after simulations are dope .
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pp ->K+pA(1116), Tp = 2830 MeV, trigl and trig5
Missing Mass (MeV). Two Side and One Forward Particle25/06/2002-1 3 .41 .52

Run4508-71 0 .Lombdo-cut .trg 1 -and-trg5

mmSideSide

I
1200 1400 1600
mmSideForward

200

pp--}K+PFdMx
1

	

1

	

1

	

1

	

1

	

1

1250 1500 1750 2000 400
mmSideVSForward

After rejecting events from E(1192) and heavy hyperon production (cuts an the
two-dimensional mmSideVSForward spectrum) about 12500 exclusive and prac-
tically background free events for the reaction pp--~K+pA(1116) survived from
Runs 4508-4710 with trigger 5 and trigger 1 . Additional 3000 events can be ob-
tained from Runs 4468-4507 .
Attractive is to use these events for A polarization studies . In the case of unpo-
larized Beam and target the longitudinal A polarization must be equal to zero .
The angular distribution of protons (or 7r-) from A decays in the A cm-System
with respect to the A direction is a good test for possible false assymetries . The
transverse A polarization will depend an the reaction mechanism and can be ob-
tained from similar angular distributions but with respect to the normal to the
scattering plane (K+A plane in the case of the pion exchange mechanism) . These
studies are in progress and as the first step simulations are necessary .
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pp -->K+PSdPFd(Mx = Nd + x), Tp = 2830 MeV, trig5

Missing Mass (MeV). Two Side and OneForward Particle) 2/05/2002-18.02 .23
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The event selection is the same as for the events presented an the previous
pages, but events presented here are obtained with the hardware trigger 5 or
four-fold coincidences of K+ meson and two protons wich a negatively charged
particle with momenta >350 MeV/c (detected by Nd) . Analysis of data from Nd
is not done yet . About 2500 events are from pp--~K+pA reaction and they must
be used for Nd calibration .
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The 4-fold coincidences (trig5) make Y* studies practically impossible. Only
some hints an E(1480) and E(1385) or 11(1405) are Seen . But this strong criterion
permits to observe a rather clean peak of K- even without any analysis of the
Nd information . The selection of K- mesons permits to look for 11(1520)-~K-p
and E(1480)-->K-p decay modes .



pp ->K+PSdPFd(Mx = Nd + x), Tp = 2830 MeV, trig5
addtional cut : pp--~K+pp(Mx > 460) -~ search for E(1480)--~pK- decay
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No events at Mx-1400 MeV after the K- selection is done. It seems that
the cross sections for E(1480)->pK- and 11(1520)->pK- production are muck
less than those for (D(1020) and nonresonant K+K- production. The last two
reactions are responsible for more than 70% of the events here and strongly shade
possible effects from E(1480) and 11(1520) . I ist not clear whether K+K-p 3-fold
coincidences with K- given by an analysis of the Nd information will improve

the Situation . It is still good to try with a hope to increase statistics and to See at

least a narrow peak of 11(1520) .
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Trig5 data without events containing 11(1116), E(1192) and K- is the 4-
fold coincidence of K+, p, p and 7r - . There seems to be a hint an resonances
at 1400 MeV and 1480 MeV in the (mm SideForward) missing mass spectrum .
This spectrum must be similar to that discussed an pages at the beginning of
this section if 3-fold coincidences (K+, p, 7r- ) are analysed with the use of In-
formation about 7-- from Nd. This analysis must be done because information
about E->7r- E+(1190) and A(1520--}7r- E+(1190) decays can be obtained from
pp--~K+p(Mx = 7r - + x) and pp-->K+7r-pMx missing mass spectra .
lt would be good to separately analyse pp--~K+PFd(Mx --7r- + x) and
pp--->K+PSd(Mx =7r- + x) with protons in Fd or in Sd . At 2830 MeV it is im-
possible because the coincidence with Fd-protons was included into the hardware
trigger . It can be done at 2700 MeV though .
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About 90% of the data at 2700 MeV are analysed .
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Corrected for efficiencies, acceptances and the cross section ratios which are known
from literature, these ratios must be equal to the ratio of integrated luminosities
l -I'2700/L2830, obtained from trig2 data. This could be a good test for the sim-
ulations .
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See discussions an the previous pages with the exception that Tp = 2700 MeV
is close to the threshold of E(1480) production and below the threshold of A(1520)
production .
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Selected K- events at Tp = 2700 MeV can be used only for (P and nonresonant
K+K- production studies . The ratio

n(D = Nom= 0.23 ~ 0 .11,
N2s30

corrected for efficiencies, acceptances and the ratio of integrated luminosities and
multiplied by the cross section of (D production at 2 .83 GeV (known from litera-
ture), can give an estimation of the e production cross section at 2 .70GeV with
the statistical accuracy of about 50% .



SUMMARY

A first fast analysis of the experimental data at 2 .65, 2 .70 and 2.83 GeV has
been done. The goal was not to give the final answer about hyperon production
from the data measured in 2001/2 but to understand what can be seen from this
data. The results of this analysis are at least not very pessimistic . Before starting
a more detailed analysis several problems must be solved :

" Simulation : They started at 2 .65GeV and are in progress at other energies .

It is necessary to understand the problems with resolutions and peak positions
in the missing mass spectra which were discussed above.

o Develop the program of a combined analysis of information about positively
and negatively charged particles .

Only after this is done, it seems reasonable to Start a new step of hyperon
studies and may be starting from the beginning . At 2 .65 GeV this will be done in
the nearest future since there were no Nd-detector .
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Recently we have analyzed different mechanisms of ao (980) meson production in 7rN
and NN collisions . The calculated cross section of the reaction pp -~ daö (980) is in a good
agreement with existing experimental data an the pp -> daö (980) forward differential Cross
section at Plab >_ 3 .8 GeV/c from Berkeley . New preliminary data measured at COSY
are also coincide with our predictions for the pp -3 daö --> dK+K° cross section . An
important problem is to understand the role of nonresonant contribution to pp -> dK+K° .
We considered 7r- and K- exchange mechanisms of the nonresonant KK production in
NN collisions . The calculated K-exchange contribution is negligibly small . To constrain
the 7r-exchange mechanism we use the data an the reaction 7rN ---> NKR . The results
of calculations for the 7rN --> NKR Cross sections in different channels lead us to the
conclusion that the resonant part is expected to be more pronounced at Q < 250 MeV
while the nonresonant background is essential at Q > 250 MeV. We used this results to
analyse the role of the nonresonant background in the pp --~ dK+K° reaction . It was
found that the resonant part is dominant up to Q - 100 MeV. The background mainly
contributes to the P-wave in the K+K°-system, while its contribution to the S-wave is
rather small .

[1] M.A. Abolins et al ., Phys . Rev. Lett . 25, 469 (1970)
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An ef ective Lagrangian Approach (parameters)
For the meson exchanges we used form factors at the different

vertices j (j = f1NN, r7NN), which are taken of the monopole
form

Fj (t) =
A?

	

m?
A2 - t

where Aj is a cut-off parameter . In the case of q exchange we
use g~NN/4~r = 3, AgNN=1.5 GeV from Ref. R. Machleidt, K.
Holinde, Ch. Elster, Phys. Rep. 149, 1 (1987) and g,77rao -J-X]Pao :~1r77/q-K,7=2 .5 which results from the width hao -->77,r = 80
MeV . The contribution of the fl exchange is calculated for two
parameter Sets ; set A: gf1NN = 11 .2, AfiNN = 1 .5 GeV from
( V. Mull, K. Holinde, Phys . Rev. C 51, 2360 (1995)), set B:
gf1NN = 14 .6, Af1NN = 2.0 GeV from (M . Kirchbach, D.O . Riska,
Nucl. Phys . A 594, 419 (1995)) and gflao,=2 .5 for both cases .
The latter value for gflao, corresponds to F(fl -- ao7r) = 24 MeV
and Br(f1 -> ao7r) = 34%.



An effective Lagrangian Approach (parameters) The
7rNN coupling constant is taken as f.,NN/47r = 0.08 (See R. Mach-
leidt, K. Holinde, Ch . Elster, Phys . Rep . 149, 1 (1987)) and
the form factor for Bach virtual nucleon is taken in the so-called
monopole (i=1) or dipole (i=2) form form

A4 a

FN (u) -

	

N

AN -f- (u - mN) 2

Following we adopt here a cut-off parameter AN = 1.24 GeV for
i=1 (when we considered the effective One Pion Exchange Model
for the NN -> NNao reaction) and AN = 1.35 GeV for i=2
(this parameter is found from the constraints an the near-threshold
ao production in the reaction ar+p -~ K+K°p) . The coupling

9aoNN/47r r-' 1 haue been employed in line wich the Bonn potential
(See R. Machleidt, K. Holinde, Ch . Elster, Phys . Rep. 149, 1
(1987» .
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of scalar mesons),

raoKK(M)
_
- 9a2oKK

qKK
87rM2

2 q7?
raon7(M) = 9a0777 87rM2

The ao(980) invariant mass distribution in KK and 7rr7 modes
can be parametrized by the well-known Flatte formula which
follows from analyticity and unitarity for the two-channel T-matrix. ,

For example, in the case of the reaction NN --+ aONN ->
KKNN the mass distribution of the final KK system can be
written as a product of the total cross section for ao production
(wich the "running" mass M) in the NN -> NNao reaction and
the Hatte` mass distribution function

d°rKK

	

MRI' KK(M)
dM2 (s ' M) = Uao(s~ M) CF(M2 _ MR)2 + MRrtt (M)

	

(1)

with the total width htot(M) = FaoKK(M) + Pao7rr, (M) . The par-
tial widths

[(M2
- (mK + rnR)2)(M2 - (mK

	

MK)2 )
] 1/2

qKK -

	

2M

_ [(M2 - (mn + m l) 2 )(M2 - (mn - m,1)2)
] 1/2

g7rr7

	

2M

are proportional to the decay momenta in the c.m . system (in case

for a meson of mass M decaying to KK and m1, correspondingly.



The branching ratios Br(ao -~ KK) and Br(ao -~ 7rr7) are given
by the Integrals of the Hatte` distibution over the invariant mass
squared dM2 = 2MdM :

mK+mK

+

	

dM 2 M CF MR I'aolr7l (M)
M2 -M2 - M I`

	

- M 2 + M2 r'2

	

Mm,r+m~ (

	

MR2

	

aoKK(

	

))

	

R

	

ao
�
rr7 (

The parameters CF, gKK, g�7 have to be fixed under the constraint
of the unitarity condition

Br(ao -> KK) + Br(ao -} 7rr7) - 1 .

	

(5)

Choosing the parameter ro = Fao�7(MR) in the interval 50 - 100
MeV (as given by the PDG one can fix the coupling g�, according
to (2) . In A. Abele et al., Phys . Rev. D 57 ) 3860 (1998) a ratio
of branching ratios has been reported,

r(ao (980)) __ Br(ao --> KK)
Br(ao -> mg) 0.23 + 0.05,

	

(6)

for Mao - 0.999 GeV, which gives Br(ao ---> KK) - 0.187. In
another recent study D. Barberis et al. (WA102 Collaboration),
Phys. Lett . B 440, 225 (1998) the WA102 collaboration reported
the branching ratio

r(ao ---> KK)II'(ao -~ 'r7)) - 0 .166 ± 0.01 + 0.02,

	

(7)

which was determined from the measured branching ratio for the
fl (1285)-meson.

"0Br(a dM 2 M
-->KK) CF MR- f raoKK(M)

- (3)
'- 2

mK+m
~M2 M2R) + M2Rr2tot (M)

°°
Br(ao -~7f7%) =

dM2MCFMRhao,r,7(M)+
(4)

mK+m~
J M2 -- M2)

R)
2 + M2

R
r2

tot (M)



In our present analysis we use the results from A. Abele et al.,
Phys. Rev. D 57, 3860 (1998) , however, keeping in mind that
this branching ratio Br(ao -> KK) more likely gives an "upper
Limit" for the ao --> KK decay.

Thus, the two other parameters in the Flatte distribution CF
and 9aoKK can be found by solving the System of integral equa-
tions, for example, Tq.

	

(3) for Br(ao -~ KK) = 0.187 and
the unitarity condition (5) . For our calculations we choose either

haoirn(MR) = 70 MeV or 50 MeV, which gives two Sets of inde-
pendent parameters CF, gaoKK ~ gaoir7l for a fixed branching ratio
Br(ao ---> KK) = 0.187:

Note, that for the K+K- or KW final state one has to take into
account an isospin factor for the coupling constant, i .e . g.'aoK+K- _
gaO KOKO = gaoKK/ v `'1 whereas gaoK+Ko = 9aO K-Ko - gaoKK-

Set 1 (Faoir77 = 70 MeV) : (8)

9aoKK = 2.297, gao�o = 2.189, CF = 0.365

Set 2 (I'ao7r77 - 50 MeV) : (9)

9aoKK = 1 .943, gao�q = 1 .937, CF = 0.354 .
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The background contribution in 7rN -} NKIK was cal-
culated using parameters of the K* exchange from the Jülich
model (See G. Janssen, B. Pierce, K. Holinde and J . Speth, Phys.
Rev. D 52, 2690 (1995)) .

TABLE I. Vertex parameters for t channel exchanges. R.e-
lations between coupling constants are obtained using SU(3)
and ideal mixing between the octet and singlet .

It is important that for the reactions 7r+p -~ pK+K° and
7r-p --> pK°K- , where the KK pair has isospin 1, the main
contributions come from P-wave KK pair production from the
7r7r state and from S-wave KK pair production from the q7r state .
These selection rules follow from G-parity conservation (note that
the G-parity of the KK system with orbital momentum L and
isospin I is given by (-1)L+j) . At the same time for the reactions
7r-p -+ nK+K- and 7r-p --> nK°K° the essential contribution
to the background stems from S-wave KK pair production from
the isoscalar 7r7r state.

Vertex 9 A [MeV]
irirp 6.04 1355
irKK gwKK = 9-rKK* _ _ 29-wwp . 1900
KKp gKxp = =p 2

.
91r7rp 1850

KKw gKKw _ --9KKrv ` i9w-wp 2800
KKO 9K1C4 = -9K-Ke = 1 g,«p 2800
r7KK" 9nKK* _ -9nKK* _ - ä 9ir-Kp 3290
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The Regge-pole Model
There is a single experimental point for the forward differential

cross section of the reaction 7r-p --> aön at 2.4 GeV/c (D . L .
Cheshire et al., Phys. Rev. Lett . 28, 520 (1972) .),

du
(7r-p -~ aön)

	

= 0.49 mb/GeV2 .
dt

	

t~o
Since in the forward region (t r 0) the s- and u- channel dia
grams only give a smaller cross section, the charge exchange re-
action 7r-p --> aön is most probably dominated at small t by the
isovector bl(1+- )- and p2(2--) - meson exchanges (see e.g . N .N .
Achasov, S.A . Devyanin, and G.N . Shestakov, Phys . Lett . B88,
367 (1979» . Though the couplings of these mesons to 7rao and
NN are not known, we can estimate d (7r -p -~ aön) in the for-
ward region using the Regge-pole model as developed by Achasov
and Shestakov (N.N . Achasov, G.N . Shestakov, Phys . Rev. D 56,
212 (1997) ) . Note, that the Regge-pole model is expected to pro-
vide a reasonable estimate for the cross section at medium energies
of about a few GeV and higher (see e.g. A.B . Kaidalov, Sov. J .
Nucl. Phys. 53, 872 (1991) ; L.A . Kondratyuk et al., Phys . Rev .
C 48, 2491 (1993) .and references therein) .
The s- channel helicity amplitudes for the reaction 7r-p --> aön

can be written as

M,\2A2 (-ff-p --+ aön) -

B(s, t)
(PI + pi)a7a

	

2

üa2 (p2)

	

[-A(,3 1 t) -[-

75UA2 (p2),



where the invariant amplitudes A(s, t) and B(s, t) do not con-
tain kinematical singularities and (at fixed t and large s) are related
to the helicity amplitudes as

M++ ^ ,sB , M+- ^

	

tmin - t A.

The differential cross section then can be expressed through the
helicity ampfitudes in the standard way as

dut (7_p ~
aön) _

647rs
1

	

(pl
m

)2d

	

(IM++1 2 + (M+-12) .

Usually it is assumed that the reaction z-p ---> aön at high energies
is dominated by the bl Regge-pole exchange . However, as shown
by Achasov and Shestakov (N.N . Achasov, G.N . Shestakov, Phys .
Rev. D 56, 212 (1997)) this assumption is not compatible with the
angular dependence of du/dt(7r-p ----> aön) observed at Serpukhov
at 40 GeV/c (D . Alde et al., Phys. Atom. Nucl. 59 (1996) 982 ;
S . Sadovsky, in Proccedings of the 6th International Conference
an Hadron Spectroscopy, Hadron'95, edited by M.C . Birse et al.,

(World Scientific Publ . Co., 1996) p . 445.) and Brookhaven at
18 GeV/c (A.R. Dzierba, in Proceedings of the Second Workshop
an Physics and Detectors for DA(DNE'95, Frascati, 1995, edited by
R. Baldini et al., Frascati Physics Series 4, 99 (1996)) . The reason
is that the bl Regge trajectory contributes only to the amplitude
A(s, t) giving a dip in differential cross section at forward angles,
while the data Show a clear forward peak in du/dt(7r-p --} aön)
at both energies .



To interpret this phenomenon Achasov and Shestakov intro-
duced a p2 Regge-pole exchange conspiring with its daugh-
ter trajectory . Since the p2 Regge trajectory contributes to
both invariant amplitudes, A(s, t) and B(s, t), its contribution
does not vanish at O - 0 thus giving a forward peak due to the
term IM++

1 2 in dor/dt. At the Same time the contribution of the
p2 daughter trajectory to the amplitude A(s, t) is necessary to
cancel the kinematical pole at t = 0 introduced by the p2 main
trajectory (conspiracy effect) . In this model the s channel helicity
amplitudes can be expressed through the bl and the conspiring p2

Regge trajectories exchange as

++

	

)

	

P2 (

	

[

	

2

	

P2 ( )~

	

so

(tmin - t)/so Nl(t) x
?i

	

s )ab, (t)

x

	

i exp[-i
2abl (t)]

	

s

	

,0

where 'y�2 (t) - -YP2 (0) exp(bP2t)1 -Ybl (t)

	

= 'Ybl (0) exp(bblt), tmin

-MN(maao - m~)/s2 , so ~ 1 GeV2 while the meson Regge trajec
tories have the linear form aj (t) - ai(0) -I- ai (0)t .

M+ (s, t) -



Achasov and Shestakov describe the Brookhaven data an the
t distribution at 18 GeV/c for -t i� < -t < 0.6 GeV2 by the
expression

dN -
C,1

eAlt +
(tmin - t) C2

eA2t
dt

	

Cl

where the first and second terms describe the p2 and b1 exchanges,
respectively. They found two fits : a) 111 - 4.7 GeV-2 , C2/Cl =
0, Cl f 0; b) A1 - 7.6 GeV-2 , C2/Cl ti 2 .6 GeV-2 ,112 =

5.8 GeV-2 . This implies that at 18 GeV/c the b1 contribution
yields only 1/3 of the integrated cross section. Moreover, us-
ing the available data an the reaction 7r-p --> ao(1320)n at 18
GeV/c and comparing wich the data an the 7r -p -> aön reaction
they estimated the total and forward differential cross sections
u(7r -p -> aön -} 7ror7n) e--4 200 nb and [do- /dt(7r -p --> aön
7ro77n)]t=o ^ 940 nb/GeV2 . Taking Br(aö ---> 7r077)

e-11. 0.8 we find
Q(7r-p -} a0.n) r 0.25 ,gib and [do-/dt(7r -p ---> aön)]t=o r 1.2
pb/GeV2 . In this way all the parameters of the Regge model can
be fixed and we will employ it for the energy dependence of the
7r-p -> aon cross section to obtain an estimate at lower energies,
too .



The mass of the P2 (2-- ) is expected to be about 1.7 GeV and the
slope ofthe meson Regge trajectory in the Gase of light (u, d) quarks
is 0.9 GeV-2 Therefore, the intercept of the p2 Regge trajectory
is ap2 (0) = 2 - 0.9M22 ti -0 .6 . Similarly - in the case of the bl
trajectory - we have abl (0) .~ -0.37. At forward angles we can
neglect the contribution of the bl exchange (see discussion above)
and write the energy dependence of the differential cross section in
the form

dURegge
(�_p

-~
aön)

dt t=o

N

da-
p2

dt It=o
1

	

s )-2.2
(pl.m.)2

SO

This provides the following estimate for the forward differential
cross section at 2.4 GeV/c,

dURegge (�_p --> aön)

	

.d 0.6 mb/GeV2 ,
dt

	

t=ö

which is in agreement wich the experimental data point (D . L.
Cheshire et al., Phys . Rev. Lett . 28, 520 (1972)) . Since the b1
and P2 Regge trajectories have isospin 1, their contribution to the
Cross section for the reaction 7r-p --} a. p is twice smaller,

dURegge (7,-p
app) =

1 dURegge (7,-p - aön) .
dt

	

2 dt
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With the advent of new accelerator technology measurements with very high accuracy
became possible for meson production close to threshold . This improvement opens the
possibility for the investigation of a lot of interesting physics phenomena . Unfortunately,
the theoretical understanding of the production operator as well as the initial state inter-
action is far from complete . On the other hand, for Small excess energies it is still possible
to extract interesting information from meson production reactions . This talk tries to
present an overview over current theoretical understanding/problems .
To produce a heavy meson in a nucleon-nucleon collision demands a large kinetic energy

of the incoming nucleons . For Small excess energies this calls for a correspondingly large
momentum transfer - the mesons are produced at rather short distances . On the other
hand the nucleons can undergo elastic and inelastic scattering as they approach each
other . This interaction is of a lot longer range . Thus, for a quantitative understanding
of the over all scale of meson production in nucleon-nucleon collisions a inclusion of the
initial state interaction is essential . Unfortunately, so far only the calculations for pion
production reactions fulfill this requirement - mostly due to a lack of reliable models for
nucleon-nucleon scattering at the relevant energies .
The production operator itself is equally badly understood' . As an example I presented

the current level of understanding for pion production close to threshold . For this reaction
a complete Set even of double polarization observables for both neutral as well as charged
pion production is available . At present, the only phenomenological model available is
able to predict the data an 7r+ production very well, whereas it fails badly for the pro-
duction of 7r° . Effective field theory was used to give an understanding for this difference .
This discrepancy makes it difficult to argue what might be the most significant class of
mechanisms for the production of heavier mesons.

However, the Situation is not as bad as it might seem . In contrast to initial state
interaction and production operator, that are expected to vary an a scale of the initial
momentum, the final state interaction amongst the outgoing mesons and baryons should
be controlled by the typical final momentum . Thus, it is sensible to assume the energy
dependence induced by initial state interaction and production operator to be negligible
compared to that stemming from the final state interactions at least as long as the
excess energy stays low . This idea allows a construction of the complete transition ampli-
tude in terms of the possible spin structures . The number of terms appearing stays low,
as long as the number of relevant partial waves stays low .
As an example possibilities to extract information an fo - ao mixing were discussed .

After a short introduction, highlighting the difficulties to infer the nature of the resonances
from experiment directly, recent results for the expected signal from the mixing an the
analyzing power and the differential cross section were presented . Obviously, in this kind
of an approach the transition amplitude cannot be determined theoretically, but has to
be extracted from experiment . This observation makes the use of polarization essential,
if the strength of the mixing is to be extracted .

'The initial state interaction is separated from the production operator through the so called last cut
lemma: every interaction that happens before the last two nucleon cut is called initial state interaction .
Thus, any intermediate state after this cut contains at least one meson in addition to the two baryons.
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Two experimental runs, aiming to identify and investigate the production of aö mesons
in proton-proton collisions at ANKE, have been performed in 2001 (at Tp = 2 .65 GeV)
and 2002 (at Tp = 2.83 GeV) . The idea was to exploit the reaction pp dX with
identification of the fast forward moving deuteron and to search for aö production in the
two main decay channels (with a K+ or a 7r+ as a tag) simultaneously .

lt is an important achievement that in both decay channels a signal has been seen
which is consistent with aö production . However, much work lies ahead in order to
prove this assertion in more detail .

o After analysis of part of the low-energy run, it became clear that for a detailed
investigation of the aö meson, COSY would have to deliver a higher beam energy
to extend the range of the missing mass spectrum . This request to the accelerator
crew was actually fulfilled for the second measurement, a significant achievement
for COSY, which we all appreciate .

9 The program at ANKE to investigate scalar mesons and in particular the ao/fo (980)
was from the very beginning accompanied by theory groups, which help and streng-
then this effort significantly ; it is clear to everyone that only such a close cooperation
between theory and experiment will lead to progress in the scalar meson sector .
Therefore, I would also like to emphasize and acknowledge in particular the efforts
of the people from theory.

o Finally, I would like to mention that our understanding always was that those two
experiments are only the beginning and part of a larger program to study not only
the positively charged ao , but also the two other charge states and the isospin I = 0
state (including mixing) for all possible channels an both nucleons . This program
will help to keep us busy for the next years to come, and I am looking forward to
the experimental and theoretical results .

o Last, but not the least I want to thank those speakers of the workshop, who were
educating us in related fields by giving talks an their current fields of research, as
well as to the great local organization .



214


