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Graph of a speetrum analyser presenting information on energy and energy spread 
versus time of stoehastieally eooled beam during an internal experiment run . The 
time axis runs vertieally from top to bottom displaying the behaviour over the full one­
hour period after whieh the beam is dumped and a new eycle starts. Beam intensity is 
color eoded spanning 40 dB from dark blue to red for highest values. It is evideneed 
how the brillanee of the beam is raised dramatieally after about 15 minutes of eooling. 
The measurement was taken during a COSY-11 run at a proton momentum of 3.24 
GeV/e and 1010 protons in the ring . The plot demonstrates eonvineingly that effeets of 
beam heating in the longitudinal and vertieal phase spaee and energy degrading all 
resulting from beam-target interaction are fully eompensated after reaehing 
equilibrium. This state of affair eonstitutes an ideal situation to investigate reaetion 
processes close threshold. An artiele on longitudinal stoehastie eooling is eontained 
in the report. 



Professor O.W.B.Schult (right) and his successor Professor H. Ströher on 
the occasion of the colloquium in honor of Professor Schult on March 31,1998. 

Professor O.W.B. Schult retired on March 31, 1998 as director of the Institute of 
Nuclear Physics 11. During the more than 25 years serving in that position he has 
made key contributions to many fields. His early work on high precision gamma ray 
spectroscopy with high resolution crystal spectrometers was followed by nuclear 
structure investigations with a gas-filled magnetic separator (JOSEF) that was 
directly linked to the Juelich research reactor 0100 to study neutron rich spallation 
products. Among these was for example the double magic nucleus 132Sn one of the 
few such nuclei which lie far from stability. He had been instrumental in the 
development of the magnetic spectrograph BIG KARL which was the largest 
experimental installation at the isochronous cyclotron JULIC and served for many 
years in the field of high resolution particle spectroscopy. Ideas to raise the 
luminosity and resolution of this instrument further spurred aseries of evolutionary 
design concepts which ultimately culminated in the construction of COSY. With 
ANKE, a large magnetic spectrometer residing inside the accelerator ring specialized 
for zero to small angle spectroscopy with internal targets, he added a new chief 
experimental facility to the COSY ring . 



Preface 

This jointly prepared report compiles the activities of the year past of our institute, our part­
ners from eANU and other international collaborations at eOSy as weil as experiments of 
our scientists that have been carried out at other laboratories. 

Let me first mention a most notable event for our institute, the retirement of Professor 
O.W.B. Schult who had been in charge as director for the Institute of Experimental Nuclear 
Physics 11 for more than 25 years. With deep gratitude we remember his many contributions 
and scientific visions wh ich have helped the institute to obtain with eOSY and ANKE new 
powerful research instruments. We are fortunate that he will be still at our institute which 
allows us to benefit also in the future from his distinguished experience. 

At the same time it is a great pleasure for me to welcome Professor Ströher, who seamlessly 
took over the now vacant position . His past activities had been centered at the University of 
Mainz doing research on electro- and photo-production of mesons and his name was ciosely 
connected with the installation and use of the TAPS spectrometer were he had been for 
three years the speaker for the international collaboration using this instrument. Fundamen­
tal work had been carried out with this spectrometer at the accelerators of GSI and MAMI. 
The research he is going to perform now at eOSY, although different, is in many aspects 
complementary to his former field. He has taken over the responsibility for the scientific use 
of the new large spectrometer ANKE. The commissioning of this new instrument under his 
guidance, which was performed in three runs, has been very successful and first data is 
under analysis. 

Top priorities for the accelerator team were the commissioning of the internal spectrometer 
ANKE, the optimization of stochastic cooling, stochastic extraction and the acceleration of 
polarized protons. Reliability scores of eOSY have been as good as in the year before and 
the percentage of beam time for experiments has been further extended. 

Beam stability problems induced by the new magnetic chicane of ANKE have all been solved 
and the accelerator has been verified to work up to the specified dellection angle of 10.60 of 
the spectrometer. Longitudinal stochastic cooling prolited tremendously by a new optical 
notch filter system wh ich has been routinely used lor the ongoing research program at 
eOSY -11. The effectiveness of stochastic extraction at higher energies was successfully 
boosted to over 65%, a crucial requirement for the MOMO K+K- low cross section 
measurement. We also succeeded to accelerate polarized protons up to the full energy of 
eOSY conserving a high degree 01 polarization despite the crossing of several depolarizing 
resonances. First polarized beams were delivered to external experiments. 

The time of flight spectrometer TOF has been fully mended by replacing about 50% of the 
scintillators of the ring detector which had prematurely deteriorated. Through the addition of 
the barrel detector, built in Rossendorf, TOF can now be operated with three big hodoscopes 
and a distance between target and "quirl"-detector of 3.3 m . TOF was in December the first 
experiment 10 use extracted polarized protons for the investigation 01 bremsstrahlung. 

eOSY-11 wh ich made optimal use of stochastically cooled stored beam has been again very 
productive shedding light to the threshold production of 1')' and comparing the production 01 A 
and }20 at low energies. 

The GEM-collaboration succeeded in measuring for the first time p d -? t 11+ and p d -? He 1(0 

simulianeously over a large angular range at BIG KARL. 



The EDDA collaboration has completed their unpolarized excitation function measurements 
and started their first measurements with a polarized atomic beam target. Their support has 
also been essential for optimizing the acceleration of polarized beams. 

The MOMO collaboration was able for the first time to collect in a single run about 1800 
K+K--events from the reaction pd -7 3He K+ K- in an exclusive measurement. 

The efforts of the theoretical group were in consonance with the work carried out by the ex­
perimenters. Precise predictions for the threshold parameters of pion-nucleon scattering 
have been obtained in the framework of chiral perturbation theory, as weil as an observable 
which is sensitive to isospin violation. In addition, a parameter-free prediction for the strange 
magnetic formfactor of the proton has been made. The meson-exchange model has allowed 
predictions for Phi-meson production in proton-proton scattering. A non-perturbative struc­
ture function of the nucleon has been developed enabling a unified description of the flavour 
asymmetry of the sea antiquarks and proton production in deep inelastic scattering. 

The EUROBALL-collaboration studied options for gamma-ray tracking. It was found that the 
signal shapes of Ge-detectors depend on crystal orientation. This finding has direct impli­
cations with respect to the design of position sensitive germanium detectors for gamma rays. 

Work on the European Spallation Source (ESS) has been intensified. A super conducting 
linac cavity was ordered to allow tests for its application in a super conducting linear accel­
erator. Furthermore, a fundamental physics program has been pursued on this matter and 
new experiments TETHYS and JESSICA have been proposed. To avoid restriction of the 
ongoing physics program we are looking for a possible extension of the experimental area. 

The accomplishments summarized in this report would not have been possible without the 
dedication of our technicians and engineers, the IKP service groups, the colleagues of the 
infrastructure of the Forschungszentrum Juelich, and the students that have advanced the 
scientific case with their diploma and PhD-theses. The fruitful and amicable collaboration 
with CANU and the outside users is gratefully acknowledged, that has been a key element 
for the common success. 

We also like to express our gratitude for the advice and help we have obtained by our advi­
sory committees and for the commitment of the board of directors for COSY. 
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Status of the Teehnieal Development of the TOF - Deteetol' 

R. Bilge?, H. Clement', K. Däring', A. Erhardt', D. Filges', H. Hadamek', G. Hansen' , H. Kämmerling', 
R. Klein', K. Kilian', J. Kress', C. Meixner', N. Paul', W. Renftle' , E. Roderburg', H. Stechemesse", 

H. Wyrwich', for the TOF-Collaboration 
, Institut fur Kernphysik, 'Zentralabteilung Technologie, 'Physikalisches Institut Universität Tübingen 

1. The new "Ring -Detector" 
a) Manufacturing the new scintillator layers. 
The new high class scintillator material BC 408 had been 
delivered from BICRON. TI,e scintillators which have to 
replace the two useless layers of the "Ring-Detector" are 
complete manufactured at the Forschungszentrum Jülich 
workshop. The scintillator material had been cut and 
milled with special diamond tools and fmished by polish­
ing with polishing tools plus polishing paste. Every step of 
this very sensitive process are made under conditions to 
avoid stress to the scintillator material. Tbe result are scin­
tillators with best surface and high light output (see fig­
ure 1). 

b) Assembling of the "Ring-Detector" 
Ta assemble the "Ring-Detector" without giving stress to 
the scintillator-elements we constructed and build in coop­
eration with ZAT of FZ-Jülich !wo support rings of low 
density material. These rings are placed between layer 1 
and layer 2 respectively layer 2 and layer 3 of the detector. 
Short 0.3 mm thick carbon fiber foils are inserted in CNC 
laser cuted slits. TI,ese foils support the long scintillators 
and held it in positions. 
The new assembled llRing-Detector" is now a high preci­
sion part of the TOF-Detector scintillator hodoscope (see 
figure 2) build of excellent scintillator material. 

Fig. 1: Tbe new build "Ring-Detector" with the nave 
support for mounting still inside. 
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Fig.2: Tbe completed "One Barrel TOF-Detector" with 
"Ring-DetectorU and IIQuirl-Detector" 

2. Progress "Three Layer Barrel Detector" 
Ta start producing the scintillators for the "Three Layer 
Barrel Detector" several questions have to be answered 
before. 
The ZAT of FZ-Jülich made investigations to fmd out the 
influence of heating up and cooling down the scintillators 
for different temperature ranges and temperature gradients. 
Tbe change of the physical properties and dimensions are 
recorded. Also the quality ofthe surface of each scintillator 
strip has to be checked when it is delivered and also after 
heating procedure and bending. Tberefore a new optical 
system has been developed to give quantitative infamtation 
about the surface and to compare different scintillators. 
The search for the right material surface on which the 
heated up and soften scintillators can be bend was an other 
point of investigation. An air oven wiu, fine regulating 
temperature ramps and very small temperature differences 
inside has been ordered. This oven is big and lang enough 
to handle the 4.40 m lang scintillators inside. A few origi­
nal shaped scintillator strips are erdered to start first 
bending tests in 1999. 



3. Energy Deteetor 
To get additional information about Öle particJes, whieh are 
produeed in Öle TOF-target, we eonstrueted adetector to 
measure the energy of these partieles. With the additional 
stop signal we ean ealeulate the mass of it for exarnple. 
In eooperation with a group of the University of Tübingen 
adeteetor eoneept of 84 hexagonal shaped seintillator 
bulks are developed, plaeed direetly behind the "Quirl­
Deteetor", but still in the vaeuum region of the TOF­
Deteetor. Figure 4 shows the detector arrangement. Eaeh 
of the deteetor bulks has a widöl over Öle lIats of 140 mm 
and a lengöl of 450 nun. (s. fig. 3) The design of Öle de­
teetor is ready. The seintillators are delivered !Tom 
BICRON and tested in Tübingen. 

Fig. 3: Cross Seetion ofthe "Quirl-Deteetor" ineluding the 
"Energy-Detector" with only one Scintillator in­
stalled. 
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The making ofthe detail eonstruetion is given to Öle ZAT 
of FZ-Jülieh, to make the drawings for manufaeturing the 
pieces. Finite Elements - (FE) ealeulations have been 
made for the eomplete TOF-Deteetor installation ineluding 
the new "Energy-Detector". These calculations shows the 
stress in the material and also the deformation of all pieces 
eoming from the outer atrnospherie pressure and the addi­
tionalload of the 80 mm ötiek end eap with 85 big holes 
in it, the 84 seintillators, Öle supporting eonstruetion and 
the magnetie shield outside. To bring the scintillators of 
the "Energy-Deteetor" as close as possible to the "Quirl­
Deteetor", the physies of Öle measuring system make it 
necessary, the whole "Quirl-Detectorll has to be reassem­
bled and the nave of it reeonstrueted. The complete system 
will be installed and tested in 1999. 

Fig.4: Arrangement ofthe 84 Seintillator Bulks, seen 
from tbe Back Side 



Associated Strangeness Production at COSY-TOF* 

The COSY-TOF ColI.bor.tion 

Experiment E7 (Spokespersoll: W. Eyrich) 

The associated strangeness production in elementary 
reactions like pp -7 KYN close to reaction thresholds is 
one of the main topies to be investigated at eOSY -TOF. 
In c.se of the channel pp -7 K+ Ap several measure­
ments at beam momenta of 2.50, 2.59, 2.68, 2.75 and 
2.85 GeV/c have been performed. The concept of the 
event reconsrruction is based on the identification cf the 
delayed decay of the A-hyperon into two charged parti­
cles p and 1<', which gives • unique signature. Since the 
highly granulated detector covers almost the full phase 
space all differential distributions .s weil as total cross 
sections and the A-polarization can be extracted from 
the data. The resuHs of the 1996 runs at bearn momenta 
of 2.50 and 2.75 GeV/c have already been published in 
parts in [I]. For the 1998 measurements at 2.59, 2.68 
and 2.85 GeV/c we expect a total yield of about 10000 
completely reconstructed A-events giving a strongly 
improved database for further analysis. As an exarnple, 
the missing mass distribution of reconstructed A­
hyperons for a subsarnple of the 2.85 GeV/c data is 
given in figure 1. 
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Fig. I: Missing mass distribution of reconstructed A-
hyperons at p",= = 2.85 Ge Vlc 

In order to improve precision and redundancy in event 
reconstruction and to get access to other reaction chan­
nels like pp -7 K'L+n or K"1:+p, the startdetector system 
has been extended for the 1998 runs by two new com­
ponents: 

• a double sided silicon ring microstrip detector with 
128 segments on the back in addition to the existing 
100 concentric rings 

• an intermediate fiber hodoscope with 2 layers of 
192 scintillating fibers each 

Especially, U,e additional information of the microstrip 
detector is necessary to measure the short tracks of the 
E+-hyperons near the target before they decay into p"o 
or mt+, which (in contrast to the A-decay) only gives a 

kink in the charged track. Furthermore, 

• a large area scintillator wall 

has been added behind TOF for the measurement of 
both primary and decay neutrons appearing in the E+­
channel (see figure 2). 

• supponed by BMBF and FZ Jülich 
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Fig. 2: Scheme of the TOF setup 1998 

Tne analysis of the 2.85 GeV/c data is in progress, a 
first event of the type K"1:+p could be extracted and is 
shown together with the startdetector scheme in figure 3. 
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Fig.3: Side view of the first identified K"1:+p-event 

Future measurements with an extended TOP version will 
also al10w to investigate the rO-production. Moreover, a 
polarized bearn will be used at eOSY -TOP. 

[I] R. Bilger et aJ. , Phys. Lett. B 420 (1998), 217 



1\vo Step Mechanism for Meson ProductiOlI 

A. Hassan; K. Kilian, T. Sefziek 

The meson production in the proton-deuteron system at 
proton momenta below the threshold of the ffee nucleon­
nucleon collisions should allow 10 dislinguish different 
reaction mechanisms. At these beam mo menta the energy 
necessary for production of the corresponding meson can 
be gained in a single step reaction from the internal mo­
tion of nueleons inside the deuteron oe by a two step eeac­
lion. The simplest example might be: pd -4 3He ,., divided 
into step A: pp -4 d,,+ and step ß : 1l'+n -4 ,.,p. 
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Figure I : Shape of the angular distribution of 3He pre­

dicted by the two step model in pd -4 3He r,. 

It was shown by Kilian and Nann [1] that the meson 
production in the two body proton deuteron interaction 
(pd -4 3He X or pd -4 3H X+) might be enhaneed in 
a narrow beam energy and angular range if it proceeds 
by a lWO step mechanism due to a selective fusion of 

• permanent address: Atomic Energy Aulhority. NRC Cairo. Egypt 
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the three outgoing baryons because they are matched in 
velocity. Experimental proof of such an enhancement in 
the cross seetion of pd -4 3He ,., would proof the impor­
tance cf lhe 1wo step reaclioß. The contribution cf the two 
step mechanism alane 10 the cross seetion of the reaclioß 
pd -4 'He,., is simulated. An approach is used wh ich is 
relativistieally eorreet. For the first time the folding pro­
cess includes the angular and energy dependence of the 
two subsequent steps and the correet off mass shell situa­
tion also in the 'He fusion and not only as in [1] with the 
bound reaction partners from the original target deuteron. 
The angular distribution predieted by the two step pro­
eess (Fig. 1) shows a forward peak of 3He in the center of 
mass system and it enhances the cross seetion in a rather 
narrow energy range (Fig. 2). lt has its maximum contri­
bution to the total cross seetion at approximately 50 MeV 
exeess energy [2]. The forward peak of 3He is in contrast 
to the direct single step reaction wh ich is known to create 
a rise of 3He in the backward direction. An experimental 
seareh for this effeet is planned at casy [3]. 
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Figure 2: Shape of the cross seetion eontribulion of the 

two step model to the reaetion pd -4 3He as a funetion of 
beam momentum and excess energy. The calibration may 
not be precise, 
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Improving the cool down time of the liquid H2 1D2 target using aluminum 
in comparison with coppel' 

S. Abdel-Samad*. U. Goldmann. K. Kilian. R. Klein 

The liquid hydrogen/deuterium target [1.2] is 
used in the external COSY experiments TOF. 
GEM and MOMO. The time during the 
experiment is one of the most valuable 
parameters. It is important to save time during 
cool down the target to the working 
temperature or heat it up to the room 
temperature or for purposes of evaporating 
condensates. The time needed depends on the 
available cooling power. heat conductivity and 
the heat capacity of the arrangement [3.4]. At 
liquid hydrogen temperature alurninum has 
three times higher thermal conductivity than 
copper. By calculations we found that in our 
apparatus the cool down time with an 
aluminum conductor is about 0.7 of that for a 
version with copper conductor used so far. 

Experimental results are shown in Figure 1. for 
copper or aluminum conductor of 275 rum 
length and 16 rum diameter (350 geu. 
110 gAl). Figure 1 shows that the cool-down 
time of the target to 16 K using copper is 160 
minutes and by using aluminum it is only 100 
minutes. Aluminum sa ves 60 minutes in cool 
down time and a similar time also in warming 
up to room temperature. 

Note that aluminum gives faster cooling down 
even at higher temperatures where its thermal 
conductivity is less than copper. Th.is is due to 
the lower heat capacity of Aluminum. 

Figure 2 shows the measured results for the 
thermal conductivity of our copper and 
aluminum conductors as a function of 
temperature. As shown. at low temperatures 
the thermal conductivity of our aluminum 
material is nearly three times higher than that 
for our copper. This means that at the working 
conditions of the target (liquid hydrogen! 
liquid deuterium) we have a faster response of 
the temperature stabilization system. 

Aluminum instead of copper might allows for 
much longer conductors between the cooling 
machine and the target cel!. This could be 
important for the future. 
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Silver remains to be tested. lt has even lligher 
thermal conductivity than aluminum. 
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Status of the development of a straw-tracker for the TOF experiment 

C.Fanara, D.Filges, R.Geyer, K.Kilian , K. Nünighoff, M.Schmitz 

The studies of the properties of a straw detector 
prototype went on. The gas leakage of a single 
tube was determined to be 1.0* 10-5 mbar*l/s, 
which is in agreement to the theoretical expec­
tat ion for the diffusion through the 30 ftm thick 
mylar foil. No changes were found during foul' 
weeks under vacuum conditions. The requiered 
pressure of 10-3 mbar in the TOF vacuum sys­
tem can be achieved even with the complete 
tracker with its 3,000 channels. 
The influence of the gravitation on a horizontal 
tube led to a deflection of about 2 mm. It was 
found that overpressure inside the tubes has a 
minor effect on this deflection. 
A special crimping technique was developed to 
fix and center the 20 ~tm thick anode tungsten 
wires under a tension of 0.4 N. 1 mm thick 
copper tubes with an inner hole of 100 ftm are 
being used as crimp sleeves. The maximum 
load the wire fixation holds was tested for dif­
ferent adjustments of the crimping tool. As a 
parameter the smallest thickness of the sleeve 
after crimping was used (Fig. 1) . The crimping 
method was tested more than 100 times in a 
range between 610ftm and 690 ftm. In all tests 
a wire tension of larger than 0.8 N was reached 
which is just below the tensile strength of the 
wire itself. 

The concept of the readout electronics has been 
further completed. The signals of the anodes 
will be forwarded via very thin kapton-cables 
(thinner than 100 ftm) to the preamplifier. The 
ASD8B chip [1] will be used. This chip con­
tains amplifier, shaper and discriminator for 8 
channels and is a special development for 
straw-detectors of the university of Pensylvania. 
The sensitivity of the amplifier allows for 
thresholds of 2-3 fC which is low enough to 
operate the straw detectors at moderate gas am­
plification of a few 104 The drift time infor­
mation will be digitalized by VME TDC 
modules. We are still testing two different 
types of CAEN (CAEN 767 [2] and 
CAEN 673 [3]) . Both modules use a deadtime­
less conversion method and have a high inte-

gration density. First results show that with 
both of them a minimum of 1,000 events per 
second can be converted wh ich fuilfills the 
needs of the TOF experiment. 

The first 200 straw tubes for the first complete 
double plane are nearly finished. The frame 
and readout-electronics are under construction. 
This plane will be the basis for last tests and 
optimizations for the final version of the 
detector. 
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First Research with ANKE 

K. Sistemich for the ANKE collaboration 

The magnetic speclrometer ANKE for the deteclion of producls from 
proton-induced reactions at internal targets has been installed in May 
1998 in the casy accelerator ring. The commissioning of casY wilh 
this additional installation, the tests of the facility wilh ils detectors as 
weil as il5 calibration have been carried out. First invesligations of the 
production of Kt-mesons in proton-carbon collisions al projectile 
energies above and below the free nucleon-nucleon threshold of 
1.6 GeV have also been performed. 

ANKE consists of three magnets (01, 02, 03), see fig. 1, which, in 
the straight cooling section, guide the circulating casy beam through 
a Ihin target and allow the separation of ejecliles, emitted in forward 
and backward direction, fram the beam and their analysis wilh respect 
to emission angle and momentum. Presen! research goals at ANKE 
are studies of nuclear medium effects on elementary processes as in 
the subthreshold K'"- and K - production and in the deuteron break­
up. Also phenomena associaled with the production of mesons like 1[, 

00,9 and a ~ , in proton-proton and proton·neutron interactions, will be 

investigated. 
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Fig. 1: ANKE with the presently available detectors. 
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The first step towards the scientific use of ANKE was the 
development of the casy acceleration procedure with these new 
components inside the ring. The facility affects the acceleraUon 
because of a change of the orbit, the occurrence of eddy currents (in 
particular in the vacuum chambers of the dipoles) and the presence of 
high er multipole components in the magnetic dipole fields. The 
change of the orbit length does not exceed Ihe acceptable variation of 
orbits in CaSY, in spite of the fact that deflections with angles up to 
Ci = 10.6° are used at 01. (Nota bene: the deflection angle can be 
optimized for each experiment lhrough a convenient choice of the 
field strengths in the ANKE magnets and a displacement of 02 
together with the targe!!). Thus it could be accounted for by a proper 
setting cf the CaSY parameters. The eddy currents, although small 
because of a special construction of thin vacuum chambers, and the 
multipole components caused more serious problems which were 
overcome through the development of a new tune for the componenls 
of CaSY's straight section and lhe use of back-leg windings. 
Acceleration of high intensity (n s 4'10'o) proton beams up 10 energies 
of 2.3 GeV as weil as w1th the maximum defleclion angle in ANKE is 
now rout1nely achieved. 

The next tasks of the preparation of ANKE for experiments were the 
development of procedures to optimize the overlap of the beam with 
Ihe target and tests of the detector performance. Strip targets of 
carbon and polyethylene with typical dimensions of 2 x 20 mm2 and 
thicknesses between 40 and 200 l-lg/cm2 have been used. It turned 
out that the best procedure is to move Ihe beam after acceleration 
towards the target. Sufficiently constant reaclion rates at luminosities 
of up 10 about 1032 cm'2 s" could be achieved: the beam is moved 
swiftly to a touching position and then slowly further with varying 
speed. 
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The detector properties have been tested with protons and pions from 
pe interactions and with mono-energetic pions from Ihe two body 
reaction PP"7drt induced al polyethylene strips. Various energies of 
pions \Vere used with a change of projeclile energies between about 
320 and 520 MeV. The detector system which has been used during 
the studies in 1998 consisted of the side detector system near 02 and 
two hodoscopes in more forward direction. The ejectiles which leave 
the vacuum chamber through 0.5 mm lhick AI-windows at the side 
and at the far end can be sludied. The ejectiles reaching the side 
detector system are horizontaUy focused according to their 
momentum. This detector system is particularly demanding since it is 
made to allow, in the subthreshold studies, the identifrcation of K'"­
mesons in an up to 106 times more intense background of pions and 
protons. The fOlward hodoscopes detected the fast deuterons from 
the pp--)di-t reaction. 

Particles reaching the same side telescope have the same 
momentum provided they originale from the target. Hence, f1ight times 
and energy losses discriminate K'"-mesons from pions and protons. 
The l!.E difference between pions and kaons is enlarged through the 
use of Cu degraders which slow down the latter so thai their energy 
loss in the scintillator behind it, is increased, The detector dimensions 
have been developed on the basis of laboratory tests and of results of 
extended Monte Carlo calculations. It was to be confirmed under the 
experimental conditions at casy that the delector components have 
the desired specifications, in particular that a time resolution of about 
600 ps between the Ihin and long start detectors, placed in the strong 
stray field of 02, and the stop scintillator counters can be achieved. 
The tests had also to check the performance of the two multiwire 
proportional chambers which are used for the identification of 
particles stemming from the target and the determination of their 
momenta and emission angles, 

The measurements on Kt produclion wilh carbon targets have been 
performed al projectile energies of T p = 2.3, 2.2, 1.8, 1.5 and 1.2 GeV 
and hence above and below the free nucleon-nucleon threshold. 
While the measurements above threshold, because of the larger 
cross seelions, served mainly for tests of the K'" -deteclion system, the 
ones below were ~produclion runs~ for the determination of inclusive 
momen!um spectra for forward emitted kaons in the range from about 
150 to 600 MeV/c. The tests showed that the detector system largely 
fulfils the demands, where mending was needed and improvements 
could be made. The production runs, according to the presen! status 
of the data analysis, were successful. K'" -mesons could be identified 
also at the lowesl value of Tp where the production cross secUon is 
low, but where the co-operative effects of the nucleons inside the 
carbon nucleus must be especially pronounced. The results suggest 
that a measurement even al Tp=1.0 GeV should be possible al ANKE; 
it is scheduled for June 1999. 

The experiments at ANKE have also been used 10 test and improve 
the electronical set-up, the data acquisition and the data analysis 
software. The data acquisition system mus! allow the handling of very 
high rates, since otherwise the intense background would hamper an 
efficient use of the available luminosity for meaningful K'"-studies. In 
fact, rates of more than 5000 events/s can be stored. The installation 
of a fast trigger system which suppresses background through the 
seleclion of allowed start-stop detector combinations is still necessary 
for the measurement al Tp=1.0 GeV. 

Parallel to these studies, the ANKE collaboration has conlinued the 
development of additional detectors: multi-vlire chambers for the 
forward detector system and backward detectors near 01 (tests), 
considerations concerning spectator and vertex detectors close to the 
target and detectors for the study of K'-mesons which can be 
investigated at the side of 02 opposite the K'" system. Also additional 
targets are being set up and buHt: a cluster jet target for H2 and O2 
which is in the test phase outside the caSY ring, and a pellet target 
for H2 and O2 but also for heavier gases, as weil as a storage cel1 
target with an atomic beam source for polarized protons and 
deuterons. Finally the development of the scientific program for ANKE 
has been continued. A proposal to study Ihe (() and $ produclion in pd 
interactions has been accepted by the PAC. 

Oetailed descriptions of the activities of the ANKE collaboration are 
presenled in separate contributions to this report. 



Fil'st test of the angulal' acceptance of the spectl'ometel' dipole D2 at ANKE 

M. Büscher> H. Junghans and V . J(optev 1 

Data taken during the first ANKE beam times were 
used to determine the angular acceptance and mo­
mentum resolution [1) of the spectrometer dipole D2. 
The goal of the first data analyses presented here is 
to proof that the design values for the horizontal an­
gular acceptance b.tJ = ±10' ean be verified under 
experimental conditions. 

Start #1 

/ 
Telescope #11 

Figure 1: Time-of-flight speetra for teleseope #11 
and all 23 start counters. Indicated by the box are 
spectra with narrew TOF peaks for protons indicat­
ing a weIl defined momentum of these particles. 

Fig. 1 shows 23 time-of-flight speetra for ejeetiles 
passing through the TOF-start counters which are 
located elose to the exit windmy of the vacuum cham­
ber of D2 and the TOF-stop counter in telescope 
#11. In most of the spectra olle can see two narraw 
peaks stemming from pions and protons produced in 
the target and deflected in D2 onto the teleseope. 
Within the angular aceeptanee of D2 all ejectiles 
lütting a certain telescope should have a weIl de­
fin ed momentum since all telescopes are located in 
the focal surface of D2. In ease of telescope #11 the 
stap counter should be reached by ejectiles with mo-
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menta p = 419 ... 454 MeV /c for a field strength 
of B = 1.54 T in D2 whieh was used during the 
measurements. Thus, the TOF distributions for t hese 
particles show narrow peaks with a width of - 600 ps 
whieh is basically given by the intrinsic counter res­
olution. Such peaks are visible e.g. for start counter 
#13 which corresponds to an emission angle at the 
ta rget of f) '" 0' . 

For emission angles larger than 1191 '" 10' the fo­
cussing properties of D2 deteriorate and ejeetiles 
with momenta outside the nominal values reach the 
telescopes. Thus, one expecl-s that the two clear 
peaks first smear out and finally vanish when leav­
ing the angular acceptance of D2. This ean be seen 
in Fig. 1 for start counters with low and high num­
bers. The box in the figure (start counters #8- 21) 
indicates spectra where t he width of proton TOF 
distribution is - 600 ps. Our analysis showed that 
for start #7 and #22 this width already inereases. 
It should be noted that the width of the pion peaks 
is less effected sinee the speed of pions (due to their 
lower mass) depends weaker on their momenta than 
in the case of protons. 

The start counters indicated by the box in Fig . 1 
correspond to emission angles at the target of f) ~ 
-10 .. . + 14'. For different telescopes in the focal sur­
face and henee for ejectiles with different momenta 
similar angular ranges with good momentum separa­
tion were found in our analysis. T hus l we conclude 
t hat D2 meets the design va lues of the horizontal 
angular acceptance. 

Refe l'ences: 

[1) G. Borchert et a I. , contribution to this report, p. 

1 St. Petersburg Nuclear Physies Institute 



First analysis of the reactioll pp -7 pn1T+ measul'ed at ANKE 

G. Borchert, M. Büscher, S. Dymov', V. Komarov' , A. Kulikov', V. Kurbatov', S. Yaschenko' 

The calibration of the ANKE setup is being clone 
using the reaction pp -t d,,+. In this process also 
data on the reaction pp -t pn,,+ are obtained which 
allows the study of the two-nucleon system at small 
effective mass [IJ. Here we give a short summary of 
the analysis of data obtainecl during a beam-time in 
July 1998. The data were obtained under the fol­
lowing conditions: beam momentum Pbeam = 1.036 
GeV le, detledion angle ofthe COSY beam in ANKE 
10.5° J one run with a carbon target, a second with a 
polyethylene target. The trigger conditions in both 
runs were (L:~3 START) . (L:(STOP; . Ll.E;)). These 
conditions were chosen such that the peak from 7J"+ 
mesons produced in the calibration reaction pp -t 
d,,+ was located in STOP lelescope 13 [2J. Thus, for 
normalization purpo,es (subtradion of CH, and C 
data) we used STOP telescope 15 where only pions 
from carbon can be detected [3J. Only events with 
one charged particle in the Side Detector were used 
for the analysis. 
In Fig. 1 the spedrum of the reduced mis,ing mass 
squared is shown for partieIes hitting telescope 13 
where in coincidence a fast particJe was delected in 
the Forward Hodoscope [3J . The spectrum is the dif­
ference between the corresponding spectra obtained 
for CH, and C targets. 
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Figure I: Reduced missing mass squared spectrum 
for STOPI3 

The reduced missing mass squared was calculaled 
according to the formula 

M;, = [(Eb .. m +mp - E,)' - (Pb .. m - p,l'J/md', 

where Ebeam, Pbeam are the energy and rnomentum 
of the proton beam, E .. iJ, the same for the ejec­
tile pion. mp1 md are the masses of the proton and 
deuteron, respectively. 

13 

Under the conditions required, only pions can be de­
tected in Lhe Side DeLeclor and a proton or deuteron 
hits the Forward Hodoscope. It is seen timt there 
is a c1ear peak at Mx' Imd' slightly less than I. The 
reasons for lhe small shirt is still under investigation . 
In Fig.2 Lhe reduced missillg mass squared spectra 
for STOPll and STOP12 are shown under the same 
conditions as for Fig. 1. 

Figure 2: Reduced missing mass squared spectrum 
for STOPll (filled) and STOP12 

The small peak at missing mass below I for STOP12 
stays at the same position as for STOP13 and corre­
sponds to pions from the calibration reaction pp -t 
d1T+. Events with a missing mass larger than 1 can 
be attributed to thc one-pion production reaction 
pp -. pn,,+ . 
The accuracy of the reconstructed missing ruass in 
the region of the deuteron mass is equal to UM. = 
1.7 MeV le'. The aceuracy in the pion momentum 
at P.+ "" 282 MeV Ic is estimated to be U(6p./p . ) = 
1.0 %. These numbers are in good agreement with 
eslimates obtained from simulation calculations [4J. 

References: 

[IJ COSY Proposal #38, "Nucleon-nucleon Final 
State Interactions in Single Pion Production" I 
IKP FZ Jülich 1997 

[2J M. Büscher et al, IKP Ann. Rep. 1996, FZ 
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[4J V.A. Artemov et al, IKP Ann. Rep. 1996, FZ 
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Detection of 1]~, 1J/~, w- and ag~ mesons with ANKE via their decays containing photons in the 
final state 

M. Büscher·, Ye.S. Golubeva" ·, L.A. Kondratyuk2,. and H. Ströher 

It was proposed recently [lJ to study at ANKE the 
reaction pd ---> dwp,p (J) deteeting the final deuteron 
and proton-spectator and identifying the w-meson 
in the missing mass distribution. This method can 
be applied if the signal-to-background ratio is not 
too small. The moment um distribution of proton­
spectators has asharp maximum at about 60 MeV Ic. 
If events with spectator momenta 30-90 MeV Ic are 
considered then there is a clean signal of reaclion 
(1) because of the comparatively large cross section 
of the reaction pn ---> dw (- 10 - 20 pb at 1.9-1.95 
GeV). It can be measured even with a moderate res­
olution of about 5-10 MeV Ic 2 for the missing mass. 
A different situation arises if one want.s to measure 
the w - p elastic cross sectiOlI by selecting events 
with fast final protons that receive a significant re­
coil from the elastic collision with the w. The relative 
contribution of the rescattering term is about a few 
percent as compared to the spectator term. There­
fore, the selection of reaction (1) is more diflicult 
because the relative contribution of the background 
due to the misidentification of protons as deuterons 
will be larger by about two orders of magnitude. 
Moreover, the efficiency to detect fast scattered pro­
tons is lower. Therefore, it will be important to iden­
tify the w-meson by measuring its radiative decay 
w ---> ,,0')' --->3')' (B.R. 8.5%). 
Other interesting reactions which can be studied 
at ANKE are, for example, pd ---> dry(,),,),)p,p (2), 
pd ---> dry'(n)p,p (3), pd ---> dag(rrOry)p,p ---> d(4')')p,p 
(4), pp ---> ppag("Ory) ---> pp(4')') (5). The cross sec­
tion of 1J' production in the reaction pn ~ d1]' can 
be ab out 200 nb at 2.6 GeV [2J. The cross section 
of ag production in the reaction pn --+ dag is ex­
peeted to be comparably large [3J. This means that 
for the discrimination of reactions (3)-(4) (and ap­
parently (5)) against background particles it is also 
desirable to directly identify the 7]'- and ag-mesons 
by measuring their decays ry' ---> "I')' (B.R. 2.11%) and 
ag ~ 11°1] ~ 4, (dominant decay), which eontain 
photons in the final state. 
The development of adetector for neutral particles 
for ANKE has begUlI. Jt could consist of PbWO., 
a fast and compact scintillator material with a ra­
diation length of only 9.38 mm [4J. For acceptance 
estimates we have assumed a detector in the shape 
of a hollow cylinder with an inner diameter of 12 cm, 
a thiekness of 15 cm and a length of about 20 cm. 
It covers an angular range of {), '" 20' ... 100'. It 
eould be combined with a high aceeptance specta­
tor counter. The deteetion of the deuterons in the 
forward deteetors of ANKE is deseribed in [IJ. 
A typical result of our simulations for reaction (1) 
at 2 GeV is presented in Figs.l a and b. In Fig.l a 
we show a two-dimensional plot whieh describes the 
correlation between the photon angle and momen-
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tum. It is seen thai the main part of photons can 
hit the detector. The solid curve in Fig.l b describes 
the probability that all three photons hit the detec­
tor as a function of the maximal value oe the back­
ward angle eb, covered by the deteetor. The dashed 
curve describes the same probability with a cut on 
the deuteron forward angle Gd ::; 5° corresponding 
to the angu lar acceptance of ANKE. In case of the 
dotted curve a second cut has been applied: ed :::: 5' 
and P'p ~ 50 MeV le. The maximal value of the prob­
ability is about 0.5 for eb '" 100'. In the case of two 
photons (reactions (2) and (3)) the maximal value of 
the probability is 0.6 and in the case of four photons 
(reaction (4)) it is about 0.3. 

Py, GeVlc er, deg. 

Figure 1: Angular and moment um distribution of de­
cay photons from the reaction p(2 GeV)d ---> dwp,p 
(a) and deteetion probabilities for all three ')"s as a 
function of the maximum detectable backward an­
gle(b) . See text for details. 

T herefore, a photon detector covering only the for­
ward angular region is sufficiently effective for mea~ 
surements of 1J-, 1]'_, w· and ag-mesons with ANKE 
through their decays containing photons in the final 
state. 
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'1- and ,(-meson produetioll in the rCRetioll pn ~ dM IIeRr thc thre.hold 

V.Yu . Grishina',·, L.A. l<ondratyuk2,., M. Büscher' , C.lIanhart, J .lIaidenbauer and J.Speth 

The total cross sectiOll of the reaction P" ~ d'I has 
recently been measured near the threshold at CEL­
SIUS [IJ . In this report we present results of our cal­
culations of this cross sedion within the framework 
of the two-step model (TSM), whieh was previously 
applied Lo the description of the POlltecorvo reactions 
J ~ pM (sec, •. g., Hef. [2J and referenees therein) . 
W. give also predicti<>ns for the cross section of the 
reaction pn --+ d,,'. 
In the TSM the react.ion pn ~ dM proceeds in two 
steps: i) the initial nucleons produce an '1- or '1'­
meson (denoted as M) via the virtual rr-meson ex­
change; ii) the proton and neutron form a deuteron 
via a final-state inter action. 
Near threshold the amplitude A(p" ~ dM) can be 
expressed through the S-wave amplitude of the re­
action ,,-p ~ uAI and the structure factor Msp, 
which contains the integral over the deuteron wave 
function in momentum 'space, the propagator of the 
virtual meson and the rrN N form factor F(q2). 
The values of the S-wave cross sedions, 
u'_ P-+"" = (21.2 ± 1.8)p· pb and 
u.- p -+".' = (0.35 ± 0.03)p· pb, 
(where p. is the c.m . ll10mentum of the final meson 
in MeV jc) are taken from [3J. The form factor F(q2) 
is taken to be of monopole form wit.h a cutoff mass 
A2 = 0.7 - 1 (GeV jc)2 (see, e.g., [4J and references 
therein) . According to [2J the contributions from ex­
changes of heavier virtual mesons such as wand (I 

should be relatively sIlIall as compar"d with t.he ,,­
meson exchange. We found that this is indeed true 
in the present case. The D-wave part of the deuteron 
wave fundion can also be neglected. 
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Figure 1: Cross sedions of t.he reactions pn ~ d'I 
(Ieft part) and pn ~ d~' (right part) as a function 
of thc c,m. cxcess ellergy. Upper and lower curves 
correspond to the cutoff mass squared A 2= 1 an<.! 
0.7 (GeV je)2. Experimental points in the left part 
are taken from [lJ. In the right part data for the 
reaction PP ~ pp'l' are show wh ich are from [5J (open 
eireles) and [6] (filled eirel.s), respectively. 

The ca\culated total cross sections are show in Fig. I 
as a function of t.he C.m. excess energy Q = 0-1113-
"'4. The result.s for the reaction p" ~ d'I are shown 
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on the left side and the ones for pn ~ d," on the 
right sidc. The upper and lower curves correspond 
to a cutoff mass squared A2= 1 and 0.7 (GeV jC)2. 
'fhe experimental points for reaction pn ~ d~ lie in 
most cases betwecll those two curves. Initial state 
interaction might givc a damping ractor or about 
0.5. Clearly such a big eorrection would destroy the 
agreement with the data. One would think that there 
is an essential campensation of the initial and final 
state interaction corrections. 
We note that the TSM predids that the near­
threshold cross sectiOlI of the reaction pu ~ d~' 
is much larger than the cross section of the reac­
tion PI' ~ pp~', wh ich WaS recently measured at 
COSY [5J (cf. the open circles in the right part 
of Fig. 1) and SACLAY [6J (black eireles in the 
right part of I'ig. 1). The ratio of the cross secLions 
R(,1'l = Upn-+d.,jupp-+pP.' is about 6-10 at Q = 4-8 
MeV and increases to a factor of about 30 at Q :: 2 
MeV . This is in qualitative agreement with the near 
threshold behaviour of fl('I) = CTp"-+d',/Upp->pp" [I]. 

Duc to a comparatively large cross sedion of the re· 
action ,m -+ cl,,, it looks quite feasible that this re­
action can be rneasured at ANKE when the photon 
detedor described in [7J will be installed there. 
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Possibility to study fast nudear fragment production at ANKE 

G.Borchert', A.I<.Kacharavab.', V.I.J(omarov' , A.V.Kulikov', M.S.Nioradzeb, G.G .Macharashvilib", H.Müllerd , 

A.Yu.Petrus', S.V.Yaschenko' 

The feasibility of inclusi ve studies of the productiOll 
of fast nudear fragments in 'proton-nucleus inlerac­
tions at ANKE is investigated. The physical goals 
of such experiments are elucidated in [i]. Studies of 
such processes require measurements of the momen­
turn of fast light nudei produced in pA reactions 
at sm all forward angles. We constrain the consid­
erations here to characteristics of the scintillation­
counter part of the deteetor system excluding the 
track detection part (multiwire chambers). 
All the charaeteristics are discussed here for 
the speeific case of the process p + l'e --+ 
(p, d, 3H, 3He, 4He) + X ... (1), at Tp = 800 MeV. 
The ANKE facility is presently equipped with three 
groups of deteetors: the Side Detector (SD) for pos­
itively charged reaction products, the forward sys­
tems consisting of the Forward Detector (FD) itself 
and a Side Hodoscope (SH) which is positioned be­
tween SD and FD, and the Backward (BD) detec­
tors. The possibilities to identify the particle type 
(rr+, p, d, 3H, 3He, 'He) in the SD and FD ofscintil­
lation counters have been considered in [1],[2J. The 
geometrical acceptances of the Forward Hodoscope 
(FH) (wh ich forms part of the FD) and SH for an 
incident energy of Tp = 800 Me V and an deflection 
angle", = 10.6' of the eOSY beam in Dl are shown 
in Fig. l(a,b) . They have been obtained with ejec­
tHes uniformly distributed in the momentum range 
Pej" = 0 .;- 2000 Me V / c and emission angles ~ S 20' 
with respect to the eirculating eOSY beam. Particles 
were considered as detected if they passed any of the 
detector systems and reached the second plane of the 
FH or the first counter plane of SH. It is seen that the 
hodoscopes provide a significanl moment um-angular 
acceptance. It is essential that acceptances of the two 
hodoscopes wh ich are complementary to each other, 
provide measurements of the momentum and angu­
lar dependences of the cross seetions of the partieies 
emission in a rather wide (p,~) range. 
The momentum-angle intervals given by several sep­

' arate elements of the Forward Hodoscope (FH: #1-
9), and some SH modules (SH: #1 - 6) in coinci­
dence with several Start counters (ST: #12-22) , are 
shown in Fig. l(c,d). These distributions have been 
calculated taking into account background from par­
tide interaction with the spectrometer components. 
The mean values of momentum and angle for the 
single charged particles detected in the correspond­
ing areas of the acceptance are listed in Table 1. It 
is seen, that the Side Hodoscope together with the 
Start Counters enables the measurement of momen­
tum and angle of the emitted particles with a rather 
high accuracy (t:J.p/p"" 1.5 - 4.0%; t:J.17 "" 0.6 - 0.8'). 
For the Forward Hodoscope counters alone the ac­
curacy is mueh worse ( t:J.p/p "" 10 - 15%) since 
there are no Start counters in the FD. Therefore, 
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if to study the processes Iike (1) at the high lumi­
nosity levels, where multiwire chambers operation 
can be hampered, using only information from the 
hodoscopes, it would be appropriale to arrange the 
FH behind the SH and to use them together. This 
should improve the accuracy of the moment um mea­
surement (because of the higher accuracy of the coor­
dinate measurements) and reliability of the particle 
type identification (for t:J.E-measurements in 3 or 4 
planes of the scintillation counters wh ich are then 
avai lable). 
Estimations of the expected cross sections of the frag­
ment productiOll and the counting rates of t he de­
teetors have been performed using the Rossendorf 
Collision Model (ROC-Model) [3J. The first line of 
Table 2 Iists inclusive differential cross sections 
Ui(t:J.O), integrated over the angle (17 < 20'), ob­
tained within the ROe model for various types of 
particles produced in the reaction (1). The second 
line lists the cross sections (ßud for the production 
of the same particles , detected in the Forward and 
Side Hodoscope. 
Table 2 .. ROC model-differential cross sections for 
particles from the reaction (1) at Tp = 800 MeV. 

I particle( i) p d I 3H I 3He 

Ui(an m 1.065 34.350 3.330 0.126 0.180 
tJ.u, (mb) F 0.001 3.780 0.350 0.010 0.013 
tJ.u, (mb) SH 0.045 0.720 0.063 0.005 0.012 

The expected counting rates ni can be found mul­
tiplying the cross sections t:J.Ui by the beam-target 
luminosity L. For example at a luminosity L = 
1.0.1031 C111-' S-I, the total counting rate for 4He in 
the Side Hodoscope is equal (0 n'H. = 0.001 mb·L "" 
10 . S-l 

The obtained values show that the processes un­
der consideration can be measured with a good sta­
listical accuracy during a reasonable beam-lime at 
ANKE. 
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SH/ST #1 #2 #3 
#12 490.6± 11.5 

O±60 -1O.71± .71 
6p/p 2.3% 
#13 493.9± 11.5 537.5± 13.8 

O±60 -8.84± .71 -1O.40± .73 
6p/p 2.33% 2.57% 
#14 491.8± 10.9 531.4± 12.9 581.7± 17.3 

O±6t? -7.05± .70 -8.58± .72 -1O.23± .73 
6p/p 2.21% 2.42% 2.98% 
#15 489.8± 10.2 526.5± 13.0 573.3± 15.1 

o ± 6t? -5.33± .72 -6.82± .73 -8.49± .68 
6p/p 2.09% 2.47% 2.64% 
#16 487.l± 9.4 523.6± H .7 568.7± 14.4 

O±6t? -3.54± .66 -5.13± .69 -6.89± .72 
6p/p 1.93% 2.24% 2.53% 
#17 486.1± 9.0 520.8± 10.8 562.6± 13.2 

O±6t? -1.87± .67 -3.53± .69 -5.22± .71 
6p/p 1.85% 2.08% 2.35% 
#18 485.8± 8.2 517.6± 10.2 557.8± 12.8 

O±60 -.30± .60 - 1.90± .66 -3.63± .70 
6p/p 1.69% 1.97% 2.30% 
#19 487.6± 8.1 515.5± 9.6 552.6± 12.1 

t? ± 6t? 1.02± .70 -.32± .61 -1.99± .67 
6p/p 1.66% 1.87% 2.19% 
#20 485.3± 8.2 516.9± 9.4 547.8± 11.0 

O±60 2.76± .70 .93± .71 -.4 1± .63 
6p/p 1.69% 1.82% 2.00% 
#21 483.2± 7.2 512.9± 9.2 548.2± 10.8 

t? ± 6t? 4.48± .65 2.64± .68 .78± .70 
6p/p 1.49% 1.79% 1.97% 
#22 480.4± 7.3 507.8± 9.0 541.7± 11.2 

O±60 6.21± .75 4.44± .71 2.53± .75 
6p/p 1.53% 1.77% 2.06% 

Table 1. Mean momentum (MeV /e) and angle (de­
gree) with their RMS, and 6.p/p of the particles 
(Z= 1) passed through the Start and Side Hodoseopes 
(ST is a module number of the Start Hodoseope and 
SH of the Side Hodoseope). 

Fig . 1. Angular-momentum acceptance of the Forward 
(a,c) and Side Hodoscopes (b,d). t?" - projecLion of Lhe 
polar angle t9 of the ejedile with momentum PeJee at the 
median-plane XZ of the spectrometer. Arrows denote the 
lcinematical boundary for the deuteron and pion from the 

. reaction pp --t dtr+ 

#4 #5 #0 

633.9± 20.1 
-1O.22± .69 

3.17% 
625.4± 18.6 696.5± 24.8 
-8.64± .72 -10.42± .68 

2.97% 3.56% 
614.5± 17.7 685.4± 23.3 776.8± 32.6 
-6.99± .72 -8.89± .73 -1O.86± .74 

2.88% 3.40% 4.20% 
607.1± 15.9 672.l± 2 l.l 758.2± 29.9 
-5.43± .69 -7.36± .69 -9.37± .74 

2.62% 3.13% 3.94% 
599.9± 15.1 661.4± 20.2 739.5± 26.6 
-3.88± .71 -5.81± .74 -7.84± .76 

2.52% 3.05% 3.59% 
593.2± 14.7 649.0± 19.0 723.0± 25.8 
-2.28± .71 -4.24± .74 -6.29± .78 

2.47% 2.93% 3.57% 
583.8± 13.3 639.4± 17.8 708.8± 24.0 

-.63± .67 -2.72± .76 -4.80± .77 
2.28% 2.79% 3.38% 

583.5± 12.4 624.0± 17.2 693.9± 22.4 
.50± .66 - .93± .77 -3.25± .77 

2.12% 2.75% 3.23% 

Momenlum Aceeplonce of lhe FH ond SH (Tp=800 MeV) 
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Drift Chambers of the ANKE Backwal'd De tector 

V.Abazova 
I V .ArtemoyO I G.Borchertb 

I H.O hmb, A.Petrusa) I.PotrapG 1 A.Rudenko ll 
1 B .ZalikhanoyG 

The multipurpose spectrometer ANI< E at the aeeel­
erator casy (Jülieh, Germany) is built up for the in­
vestigation of proton-proton and proton-nucleus re­
actions in the inter mediate energy region (subthresh­
old and near-threshold meson procluction, investi­
gation of few-nucleon system ete.) [1] . It eonsists 
of three major deteetor groups: Forward, Side and 
Backward deteetors (see figure on p. of this re­
port). A set ofdrift ehambers forms part ofthe Baek­
ward Deteetor along with a hodoseope of seintilla­
tion counters. The drift eh ambers are designed for 
the track reconstruction of ejectiles with momenta 
of 150 - 650 MeV / e at angles 165· - 180· relative to 
the beam direetion. TDC LeCroy 3377 are used for 
time eoding of the signals from drift ehambers. 
The set of drift ehambers of the Backward Deteetor 
eonsists of three paekages. Eaeh of these paekages is 
made up of two independent modules: one of them to 
measure the X-eoordinate of the track and another 
for the Y-eoordinate. Eaeh module eontains two sen­
sitive planes which are placed inside a common gas 
volume. The drift eells of these planes are shirted 
relative to eaeh other by half the length of a drift 
eell (2em) to get rid of "Ieft-right" ambiguities. The 
chambers have been constructed using a new tech­
nology [2] whieh differs from the usual design based 
on fiberglass frames . The new design is more eom­
pact, simpler for manufacturing and rnaintenance. A 
gas mixture of 80% Ar + 20% iC.HIO is used . 
The ehambers were tested with a eollimated 90Sr ß­
souree in front of the ehamber window. The eleetrons 
erossing the ehamber volume and passing through 
another eollimator were deteeted by a seintillation 
eounter.The scintillator was viewed by PMTs from 
both sides and the signal formed by eoi ncidenee of 
the signals from both PMTs was used as a "eommon 
stop" for the TDC. 
The dependenee of the deteetion efficieney on the 
high-voltage at a 2 I'A threshold exhibits a plateau 
from 2.3 kV up to at least 3.2 kV. The measurement 
also showed that the effieieney has a plateau with re­
speet to changing of the threshold at the fixed high 
voltage. For instanee, at 2.8 kV the registration effi­
cieney retains at the 99% level up to 45 I'A threshold. 
The measurements have also shown a high identity 
of the eharaeteristics for all the ehambers. 
Fig. 1 shows the result of the drift velocity measure­
ment by the shadow method based on scattering of a 
narrow eleetron beam on the 100 I'm diameter field 
forming wires (see deseription of the method and ref­
erenees in [3]) . The measurement.s show that the de­
tection efficieney is highly homogeneous along the 
drift eell . The drift velocity is also eonstant along 
the eell exeept the vicinity of the sensitive wire. The 
drift velocity is 50 I'm/ns in the plateau of it.s field 
dependenee [4] . Thus stable ca libration of the eh am­
ber is guaranteed, 
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Fig. 1. The drirt. velocit.y measurcments by the shadow 
method. 
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Fig. 2. The drirt length dist.ributions at two beam axis 
positions: wit.h and wit.hout. wire in the beam, and the 

deduced difference distribution rar the shadow. 

Fig. 2 indicates the observed spacial resolution of 
150 I'm. With eorreetions for scattering of the ß­
part icles on t.he entranee window of the eh amber it 
is 140 I'm (see [3] for eorreetion proeedure). 
Thus , the obtai ned performance eompletely meets 
the requirements for operation at ANKE. 
The authors are grateful to W.Ermer and N.Lebedev 
for their valuable help du ring different stages of the 
work. 
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Fast Multiwire Proportional Chamber with Dieleetl·ic Foil of the ANKE Forward Deteetor 

G.Borehert·, W.Ervenb, R.Koch·, S.Mikirtiehyants', H.Ohm·, S.Yasehenkod , B.Zalikhanovd 

The ANKE facility includes at present three groups 
of deteetors: Positive Side (PS), Forward (FD) .nd 
Baekward (BD) Deteetor systems. Three propor­
tional ehambers will form the eoordinate part of the 
FD system to be installed at the forward exit window 
of D2 (see figure Oll p. of this report). They have 
to operate at a high particle flux (eounting rates as 
large as 5·107s- 1 per plane and up to 3·105s- 1 per 
wire). The signal-wire distanee has to be 1 mm at a 
maximum length of 550 mm in order to reaeh high 
momentum resolution. Thc space limitations by the 
COSY-beam pipe and the side deteetors on the one 
hand and the aim to cover a maximum momentum 
range on thc ather hand necessitate a lean frame con­
struction. 
These features can be realized with eh ambers using 
a new teehnology [1], see fig. 1. The ehamber con­
lains four coordinate planes. The sensitive area of 
the ebamber is 327x261 mm2. Signal wires made of 
20 pm diameter gold-plated W+Re lie on a JOO pm 
thiek dieleetrie foil with a resistivity of 109 Ohm ·em. 
The signal wire tension is 60 g, the step of the signal 
wires is 1.041 mm. The step of the strips is 3.25 mm, 
thc distance between thc strips is 0.2 mm, the thick­
ness of strips is 0.05 mm (silver paint) . The break­
through voltage of the dieleetrie foil is 2600 V. The 
eathode plane, made ofO.025 mm thiek earbon plated 
mylar, is at 2.0 mm from the wires plane. The to­
tal number of signal ehannels is 821 including 314 X 
wires, 128 U strips (X + 18°), 251 Y wires, 128 V 
strips (X - 18°). The gas mixture is 80% CF., 20% 
i-C.H lO • 

X caLhode plane Dieleclric foi! 
X strip plane 

~'" ''''===='''''''''' '~''''' . .. . ~ ...... q6mm 

Y wire plane Y strip plane 

Rod Dielectric foil Y calhode plane 

Fig. 1. Schematic drawing of the chamber. 

Stable operation at 1 mm signal-wire distanee and 
550 mm length is possible sinee the signal wires are 
pressed to the dieleetric foil by forees ereated by the 
strong eleetrie fi eld to the strips. These forees are 
two orders of magnitude stronger than the forces be­
tween the wires. Conductivity of the dielectric foil is 
neeessary for the movement of the anode avalanehe 
to the strip eleetrodes of the eh amber. 
The first eh amber has been built and was tested with 
a 90 Sr ß-souree using front-end electronies designecl 
and produeed by the ZEL [2) . For the strips a signal 
inverter with a gain of -3 was used. It allows to use 
the same electronics for the strip and wire signals. 
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The amplifieation is needed beeause the indueed sig­
nal on the strips is hvice less than that of the an­
ode . The time and amplitude speetra and the effi­
ciency characteristics were measured both for wires 
and strips. T he inlensities were 2.105 s- l cm- 2 . The 
efficiency curves for the X and Y wires and strips are 
shown in fig. 2a. The plateau begins at about 1600 V 
whieh is very important beeause the break-through 
voltage ofthe dielectric foil is 2600 V. The amplitude 
speetra from the ehamber (see fig. 2b) are -3 times 
wider than for the standard ehambers. The eause of 
this phenomenoll is a peculiarity of the avalanche for­
mation. The time speetra for the X and Y wires and 
strips are practically the same. In fig. 2c olle time 
speetrum is shown. The threshold of the diserimina­
tor was 20 l1l V. It eorresponds to 2J.lA threshold of 
the amplifier entranee. The noise eharaeteristics of 
the chamber are 6 signals per second per wire for the 
voltage on the strips U=1700 V, and 50 signals per 
seeond per wire for U=1750 V. 
The ehamber fulfils the requirements at ANKE. 
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Fig. 2. Efficiency of X and Y wires and strips as a function 
ofthe voltage on the strip plane (a). Amplitude spectrum 
ofsignals from Y wires (b). Time spect.rum of signals from 
a single wire. One channel corresponds Lo 0.25ns (c). 
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ANKE Forward Hodoscope: first beaul Illeasurelllents. 

G.Borcherta, W.BorgsQ
, S.Dymovb, M.Rartmann Q

, V.I<omarovb, A.l<ulikovb, V.I<urbatovb, 

G.Macharashvilib", H.Müllerd , M.Nioradze', A.PeLrusb , B.PrieLzschkd , B.Rimarzigd, 

R.Schleichert", A.Volkovb, N. Zhuravlevb 

The Forward Hodoscope (FH) consists of LWO planes 
of verLically orienLed scinLillaLors viewed by PMs 
from bOLh ends. The FH design and its performance 
in cosmic ray tests have been described earlier [IJ . 
Here we present the first resulLs of its use in ANKE 
beam runs. 
In the data analysis we treated as 'I(a hit in the 
counter'" events where the time signal was present 
(in the meantimer channel) and the amplitudes from 
both PMs exceeded the threshold values. For ampli­
tude analysis we used the normalized sum AN of two 
pulse heights defined as: 

Au AL 
AN = C· (-A--+ -A-J, 

Um.p. Lm.p. 

here Au and AL are the ampli tudes from the upper 
and lower PMs of the counter, rn.p. denotes !!'most 
probable)" values of pulse height distributions, Cis 
the normalization CODstant. The amplitude correc­
tions for the longitudinal hit coordinate were not in­
cluded here, so the obtained pulse height resolution 
can be improved further . 
The data taken with a 1.036 GeV /c proton beam 
and two different targets, C H 2 and C, were analysed 
with the final aim to observe the pp -) d,,+ pro­
cess with the well-known 'CHz - C' method . The 
ANKE data acquisition system was triggered by a 
coincidence of an OR signal from the Side Detec­
tor (SD) Start counters [2J with OR of any SD tele­
scope [3J . This trigger was tuned for detection of pi­
ons but could accept also part of the protons. The ,,+ 
counting rate was concentrated for the CH2 target in 
telescope 13, and for triggers with this telescope the 
response from FR counters 2-6 was present, as ex­
peeted with deuterons from the pp -) d,,+ reaction. 
In general, a clear correlation between the nu mb er of 
the SD start counter and the number of FH counter 
was observed. 
From the time and amplitude spectra of the signals 
it is confirmed that deuterons constitute the main 
part of particles deLected in FH at these conditions. 
Indeed, the time spectrum received with a SD signal 
as START and FH signal as STOP (Fig. 1) shows a 
single peak when only SD telescope 13 contributes to 
the trigger (shaded spectrum). A small background 
is observed when aB sn telescopes participate in 
the trigger (dear histogram). The width of 600 ps 
(FWHM) of the deuteron peak is defined b)' the time 
resolution of the FH and SD counters, by the Lime 
of flight dispersion of ,,+ and maini)' d (due to mo­
mentum spread). 
The amplitude spectra of the FH counters also dis­
playa distinct peak of deuterons. Such a peak (for 
counter 2) is seen in Fig. 2 in channels 750- 1000, 
its width is FWHM= 25 %. The peak near channel 
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225 is causcd by fast ace iden tal protons as has been 
confirmed in measurements with aC-target. 

99/0")/07 

Boo 
300 

600 

200 
' 00 

>00 200 

0
0 

- --~ - -- .. - Ti~·I:·: :-~ 

d 

P 

I\.. ~: 

700 '00 600 Boo ' 000 °9HO 1000 107.0 !O~o 1060 '080 
Fiq.' Fo'" 2.3 .... contime •. m:: ,1'1 riq.2 Fe. w 2.2 ompliludell . ODe eh 

Fig. 3 is a typical picture demonstrating holV the 
inclusion of FH data improves the quality of data 
in SD for the pp -) d,,+ process. There are shown 
the amplitude spectra in Stop and b.E counters of 
SD telescope 13. The c1ear spectra are taken for all 
partieies detected in this telescope and the shaded 
ones for the particles accompanied by hiLs in FH. 
The background is essentiaJly decreased in the last 
case. 
To summarize, the beam measurements have demon­
strated a proper performance of the Forward Ho­
doscope in conditions of the pp -) d,,+ and pe -) 
"+(J(+)+p+X processes and the advantages of its 
use in data analysis. 
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Optimization of the degl'adel' thicknesses in the K+ telescopes at ANKE 

M. Büscher, H. Junghans, V. Koptev' and I. Zychor' 

During the first ANKE beam times data on 1(+ pro­
ductiOil in proton-carhon interactions were taken at 
beam energies T = 1.2,1.5, 1.8,2 .2 and 2.3 GeV. It 
is weil knowll that the cross section for 1(+ produc­
tion in proton-nucleus coHisions strongly increases 
with beam energy whereas the background rate of 
pions and protons stays almost constant. At 2.2 and 
2.3 GeV the expected background-to-I(+ ratio on 
the side-detection system used for kaon identifica­
tion is ~ 100 [IJ . The data taken at this high energy 
were used to test the detection efliciency of the de­
tectors and, in particular, to tune the thicknesses of 
degraders located in the 1(+ telescopes. 

Fig. I shows a sketch of a telescope used for kaon 
identification. The properties of the telescopes are 
described in detail in [2, 3J. Ejectiles leaving the tar­
get after a hadronic interaction are deflected in the 
speetrometer dipole D2 of ANI(E. The telescopes are 
loeated in the focal surrace of the dipole and , thus, 
ejeetiles hitting a partieular telescope have weil de­
fined momenta [4J. Typically, the momentum spread 
on one telescope is around 5% and is defined by the 
momentum dispersion of thc spectrometer. Thc ejec­
tBe momenta increase from left to right on each tele­
scope. 

Stop 

v 
Cerenkov 

Degrader I 

~E 

Degrader" 
Veto 

K+ 
Pmax 

delayed signals 

Figure 1: Sketch of a telescope used for the detec­
tion of 1(+ mesons. Kaons can be identified by their 
energy lasses in the scintillation counters cr by de­
tecting delayed signals in the veto counter stemming 
(rom e.g . decay muans. 

Eaeh telescope consists of a TOF-stop counter, a 
Cerenkov counter (in telescopes 7-15 only), a AE 
counter and a veto counter for the rejectioll of fast 
particles like pions. For a given moment um , the ejec­
tile ranges in the detector material decreases with 
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the ejecti le mass. Thus, protons are stopped in each 
telescope between the stop and AE counter and can 
easily be rejected. Pions have larger ranges and can 
pass through all telescope components without sig­
nificantly loosing energy. In order to identify kaons 
adegrader made from copper is installed in front of 
the AE counter. Here they are slowed down such 
that they are stopped at the end of the AE counter 
or in the second degrader. The thicknesses of the first 
degraders and the AE counters were optimized with 
the help of s imulation calcu lations in order to give a 
maximum energy 1055 in this counter. 

lt is foreseen to identify kaons based on TOF mea­
surements as weil as on the determination of their 
energy losses in the scintillation counters. In addi­
tion, one can make use of the fact that kaons decay 
into charged partieies with a decay time of 12.4 ns. 
Fig. 2 shows the time difference between detection of 
particles in the 6.E and veto counters summed over 
all 15 te lescopes. Since the spatial separation of the 
two counters is less titan 5 cm , pions are expected 
to give prompt signals. They were rejected using a 
software cut t::..t). 4 ns. 

At (Vflo-AE).allld .. B" 1.sJ7 T. T - 2.)1 GtV 

Figure 2: Time difference (in ns) between detec­
tion of particles in the AE and veto counters for 
T = 2.3 GeV. Prompt signals (At< 4 ns) were re­
jected by an off-line software cut. 

lt can be seen from the figure that the remaining 
events show an exponential slope which corresponds 
to 12.2 HS. We conclude that most of the events with 
At(veto - AE) > 4 ns are, in fact, kaons. In the 
following they are used to test the predictions of the 
simulation calculations on the range of kaons in the 
telescopes. Note that for kaon identification basically 
only the time information from the AE and veto 
counters was used except for very mild cuts on the 
amplitudes in the scintillation counters. 

The upper spectrum in Fig. 3 shows the energy 
loss of the kaon events in the A E counter of tele­
scope # 15. The data were taken at be am energies 
T = 2.2(2.3) GeV and field strengtilS in D2 of 
B = 1.4751(1.5370) T. Corresponding to the dif­
ferent settings of the magnetic field the ejectile mo-



menta on eaeh teleseope differ by 4 %. The mean mo­
menta covered by the telescope in the two cases are 
560 and 583 MeV /e, respectively. From range tables 
we deduce a range difference of ....... 1 cm in cop per . 
One can see from the speetra that at 2.3 GeV the 
kaon energy loss is significantly smaller and al ready 
dose to the expeeted peak of pions which was de­
duced from simulations and is shown in the lower 
spectrum. At 2.2 GeV the kaons deposit a much 
larger fraction of their energy in the counter. This 
can be interpreted such that the degrader thiekness 
in this telescope is weH 9uited for measurements at 
B = 1.4751 but that for lügher field strengtilS in 
D2 approx. 1 cm of cop per should be added to the 
first degrader. Since .it is planned to continue the 
kaon measurements in spring '99 at B = 1.5370 T 
the modification of the degraders has already been 
started. 
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Figure 3: Measured (upper) and simulated (lower) 
energy-Ioss spectrum of kaons in ßE counter #15 for 
the two different field strengths in D2. For compar­
isen, the expected Ioeation of pion events was also 
simulated. These events were rejected during data 
taking by setting corresponding th resholds and dur­
ing data analysis by software cuts. 

The lower spectrum of Fig. 3 shows the result of sim­
ulation calculations for the two different settings of 
D2. The simulation can reproduce the location of 
the peaks for both cases. The width of the simu­
lated distributions is sm a ller since in the simulation 
slightly simplified conditions (e.g. no hadronic inter­
actions) were assumed . The simulations allow Lo de­
termine the loeation were the kaons are stopped in 
the telescope and it turned out that the degraders are 
slightly too thin for the higher energy. The analysis 
for the remaining 14 telescopes is in progress. 

Summarizing, we have developed one possible 
seheme to identify K+ mesons at ANKE based on 
the detection of delayed eharged particles from kaon 
decay. Furthermore, these kaon events are used to op-
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timize the thicknesses of the degraders needed to stop 
kaons in I.he telescopes. Measured and simulated ßE 
specLra were compated and a good agreement was 
found. This is important fot the continuation of OUf 

kaon studies far below the free NN-threshold since 
here the background conditions are much worse and 
a weil understood deteetion system is mandatory. 
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Polal'ized Atomic Beam Source fOI' tbe ANKE-Spectl'ometer. 

R.Baldauf, R.Engels', S.Geislel', H.Kleinesl
, N.Koch3

, V.Koptev', A.Kovalev', P.Kravtsov', 
S.Lorenz3

, M.Mikirtytchiants', S.Mikirtytchiants', M.Nekipelov' , V.Nelyubin', H.Paetz gen 
Schieck', F.Rathmann, U.Rindfleisch, J.Sarkadi l

, O.Schult6
, H.Seyfarth, E.Steffens3

, 

A.Vassiliev', K.Zwoll l 

Future experiments at the ANKE spectrometer like 
those on deuteron break-up [1,2], non-strange [3,4] 
and strange [3,5] meson production will make use of 
polarized hydrogen and deuterium gas targets. For 
that purpose a polarized atomic beam source (ARS) 
is being built by the ANKE collaboratioll. All 
components of the ARS, sbown in Fig. I, bave been 
designed, have been a!ready built [6] or are presently 
under construction. In the following we describe the 
status of OIe project. 

Vacuum System 
Tbe complete vacuum system of the ARS has been 
assembled and tested. One of OIe main restrictions 
for the flux of atoms from the nozzle is the Iimited 
pumping speed in the fust chamber (I). TIlerefore foe 
this stage an optimization of the pumping system has 
been carried out [7]. Two different schemes, shown 
in Fig. 2, bave been tested. Tbe pumping speed of 
the system with the additional turbo pump (Fig. 2a) 
stays constaut up to a hydrogen gas flow of -
5 mbar IIs, while for scheme 2b areduction in 
pumping speed is a!ready observed at 2.4 mbar IIs. 
Tbe additional pump significantly increases the 
compression ratio of the system and therefore leads 
to au improved perfonnauce at higher flows. 

RF Dissociator 
Tbe design of the rf dissociator allows us to vary and 
optimize tlle operating conditions of the gas 
discharge. The distance between the plasma in the 
Pyrex tube and the nozzle can be changed online, 
wbile the plasma is burning. 
For easy access the complete dissociator cao be 
extracted from the ARS chamber while the oozzle 
aod its cooling system stay in place. The cooling 
water of the dissociator is guided by coaxial glass 
tubes. 

Nozzle eoolillg System 
Tbe cooling system of the oozzle is based on the 
results described in ref. [8]. Tbe most critical part is 
the connection of the Pyrex discharge tube to the 
nozzle. Tbe metal support components are designed 
such that no forces are exerted on the Pyrex tube. 

Sextupole MagIlets 
A set of six pennanent NdFeB sextupole magnets 
with pole-tip fields of 1.5 T has been ordered from 
Vakuumschmelze Hanau. nuee materials differing 
in remanence and coercivity (V ACODYM 51OHR, 
383HR, 400HR) are used to produce the magnets 
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Figure 1. Layout of the ABS. 



consisting of 24 segments. Highest remanence and 
lowest coercivity is used for segments magnetized 
radiaUy with respeet to the magnet surface (SIOHR) 
while highest coereivity and lowest remanence is 
used for segments magnetized tangentially (400HR). 
For other magnetizalion direclions a material with 
medium remanence and coereivity (383HR) is used. 

Transition UlJits 
The hyperfme transition (HFT) units (labelIed HFT 
in Fig.l) neeessary to obtain veetor and tensor 
polarization of hydrogen and deuterium are under 
development at Universität Erlangen-NUmberg 
(diploma thesis S.L.). 

First stage First stage 

TPH2200 

TMH260 

TMH260 

l.\1D8 
b 

Figure 2. Different sehemes with Pfeiffer 
turbomoleeular (TPH2200 and TMH260) and 
diaphragm pumps investigated for use in the fIrst 
ABS chamber. 

Too!s Jor optimizotioll 
For the optirnization of the atOlnie beam souree 
different tools are under development. 
For the measurements on the degree of dissoeiation 
in a framework of a diplama thesis (M.M.) a device 
with a erossed-beam quadrupole mass spectrometer 
has been designed and is presently manufactured. lt 
will be mounted on a two dimensional manipulator 
which allows us to measure the degree of 
dissocialion of the be am and also to determine the 
beam profile. 
Another diploma thesis (M.N.) aims at absolute 
intensity measurements based on the use of a 
compression tube. For that purpose tl,e compression 
tube will be placed at the same location as the 
feeding tube of the storage cell (300 mm from the 
exit of the last magnet). lt is plaMed to measure the 
intensity in a plane perpendicular to and 3long the 
beam axis (z) using a combination of xy- and z­
manipulators. A special calibrated unpolarized gas 
system will pennit to measure the absolute beam 
intensity with an accuracy of a few percent. 
For measurements of tl,e beam profile a two­
dimensional monitor of the atomic flow has been 
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developed [9]. TI,e monitor is based on the 
recombination heat transfened to tl,e surface of thin 
hmgsten wires. 
lt is anticipated to use a Lamb-sh.ift polarin,eter which 
is under construction (Ph.D. thesis, RE.) at the 
Universität zu Köln to measure the polarization of 
hydrogen or deuterium atoms injected into or emerging 
from the storage cell. 

S!OlV Contra! System 
For a reliable operation of tl,e ABS during tl,e 
optimization phase and later operation in the COSY ring 
a modular control system is used. This system, based on 
the Siemens S7-300 modular line by Simatic [10], is 
conneeted to a PC via a MultiPoint Interface (MPI). 
Anather PC, connected by a PROFIBUS interface and 
operated under WinCC, provides remote control, 
visualization, and recording of alt necessary parameters 
ofthe ABS. 

I Zentrallabor fllr Elektron.ik, FZ JUlich 
, Institut fitr Kernphysik, Universität zu Köln, D-S0937 
Köln, Germany 
) Universität Erlangen-NUrnberg, D-91 OS8 Erlangen 
4 High Energy Physics Departrnent, St. Petersburg 
Nuclear Physics Institute, 1883S0 Gatchina, Russia 
, St. Petersburg State Technical University, St. 
Petersburg, Russia 
, professor emeritus, former director at IKP 
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Cluster targets for CaSy 

H.H. Adam*, A. I(houkaz* , T. Lister* , C. Quentmeier*, R. Santo* , C. Thomas* 

Cluster beams are of growing interest for internal 
accelerator experiments. Produced in Laval-nozzles, 
they can be used as windbwless targets of very high 
purity. The absolute density ean easily be varied b)' 
orders of magnitude by changing the nozzle temper­
ature or the gas input pressure. Different to gas-jet 
beams they provide a spatiall)' weil defined target 
beam with a homogeneous density distribution . 
In the IKP at Münster extensive studies on cluster 
beam produetion, espeeially of hydrogen, have been 
performed in the framework of designing optimized 
cluster targets for storage ring experiments [1). Two 
cluster targets have been build up for the CaSY stor­
age ring at the FZ-JÜlich. The first one was instalIed 
in 1995 at the target place TP3 as part ot the COSY-
11 installation. Several months of beam time have 
been earried out using hydrogen cluster beams with 
areal densities up to 1014 atoms/em2. Detailed infor­
mation about this target ean be found in [2, 3). 
For experiments at the ANKE installation the see­
ond cluster target for casy was build up in 1998 in 
the IKP at Münster and moved to FZ-Jülieh in the 
same year. A sketch of the meehanieal assembly of 
this cluster target is shown in Fig. 1. Test measure­
ments with the ANKE target have been performed 
at Münster and the FZ-Jülich and confirmed the ex­
peeted performance comparable to the COSY -11 tar­
get. The installation of the cluster target is seheduled 
for week 31 in 1999, thus first experiments within the 
ANI(E installation are planned for fall 1999. 
For control purposes via ethernet a slow control sys­
tem based on a LINUX PC-system was designed and 
built up in the IKP at Münster. This cluster target­
remote contro] allows to switch devices on Of off 
and displays pressure values in the different pumping 
stages, nozzle ternperature and gas input pressure as 
weil as the status of target eomponents like pumps, 
sutter and valves. Furthermore, two identical switch 
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side of the storage ring, enable the manual control of 
the cluster target. The complete system was already 
suceessfully set into operation. 
During several test runs of the COSY-ll cluster tar­
get it was shown that also deuterium can be used 
as target material whieh , with the use of proton­
spectator detectors, provides neutrons as targets in 
the quasi feee scattering. Ta avoid high operation 
costs during future beam times using the more ex­
pensive deuterium, a reeuperation system is under 
construetion in the IKP at Münster by collecting the 
gas after the pumping system. After cleaning the gas 
by means of absorption filters it is compressed ($ 20 
bar) and fed back to the existing gas supply system, 
wh ich includes a hydrogen/deuterium palladium pu­
rifier for the final cleaning of the gas. 
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Fig. 1. Conslruction of the cluster target. for the ANKE experimenl at COSY. 

bords, one forseen at the target place and one out-
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Study of the reactions p + d -+3 H + '/1"+ and the 3 He + '/1"0 reactions in 
the transition region 

The GEM Collaboration 

For the understanding of pion production on 
nuclei the knowledge of the elementary process is 
mandatory. We, therefore, have completed existing 
cross seetion data for the reaction pp -t d7J'+ elose 
to threshold where so far no data existed [lJ. These 
studies elose to threshold were performed by using 
only the magnetic spectrometer. It was also used in 
a study of the precision of the absolute accelerator 
momentum calibration. There, we made again use of 
the above mentioned reaction. Around a momentum 
of 1930 MeV/c are the laboratory momenta of the 
forward emitted pions nearly those of the backward 
emitted deuterons in the centre of mass system. Both 
could be measured in coincidence and from their mo­
mentum difference was the absolute beam momen­
tum calculated [2J. 

The next logical step to study meson produetion 
in nuelei is the measurement on a deuterium target, 
i.e. pd-t3 H7J'+. 
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Figure 1: Tbe response of tbe G ... wall. Sbown as a 
scatter plot are the energies deposited in the quirl 
detector (6E) versus energy in tbe first pizza detector 
(E). Tbe diHerent particle types are indicated next to 
the appropriate bands. 

because deuterons are very extended objects with 
rather small binding energies the process is usually 
treated as a pp -t d7J'+ reaetion with the additional 
neutron aeting as a speetator. However, in calculat­
ing the cross seetion one has now to include a form 
factor, which is the probability to have adeuteron 
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formed in an A = 3 system. This leads to strong for­
ward - backward asymmetries. The measurements 
were performed in a transitional region between the 
near threshold region, where systematie data from 
Saelay were reeently published [3J, and the resonanee 
region. In the latter only some inconsistent scatter 
of data exists so far . In order to perform sueh mea­
surements the larger acceptanee of the Germanium 
Wall with respect to the magnetic speetrograph was 
mandatory. The details of tbis deteetor complete 
with its eleetronics is described elsewhere [4J. 
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Figure 2: Tbe reconstructed missing mass of neutral 
pions from the coincident measurements of two protons 
frorn tbe reaction pp -t 2p"o at 850 MeV /c beam 
momentum. 
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Figure 3: The measured centre of mass system 
differential cross sectiODS for the reactioDS pd ---+3 H1r+ 

and pd ---+3 He1r°as nlDction of the centre of mass 
system emission angle of tbe pion for an incident beam 
witb 800 MeV /c momentum. The solid curves represent 
fits by Legendre polynomials to the data. 

To shortly summarize the main features of the sys­
tem: it consists of up to four annular planar strip 
detectors made of HP Germanium. The fust has 
200 Archimedes' spirals left and right bended on the 
front and rear side, respectively. It is called qulrl 
and served as tracker as well as AE detector. It iB 
followed by up to three E detectors with 32 wedges 
on the surface (called pizzas). A scatter plot of the 
events as function of the energies deposited in quirl 
and the fust pizza is shown in Fig. 1. One can 
elearly identify the different particle types. In addi­
tion to the above mentioned reaction it was possible 
at 850 MeV Ic beam momentum to also analyze the 
pp -t d'/l'+ and the pp -t 2p7T° reactions. In Fig. 
2 is the reconstructed missing mass after measure­
ment of two protons shown. In Fig. 3 are angu­
lar distributions shown for the two reactions with 
A=3 plus pion in the final state. The strong back­
ward peaking of the recoiling nueleus corresponds to 
strong forward peaking of the meson emission. The 
distribution of the 3 H e nuclei is truncated for back­
ward angles, corresponding to small energies because 
these low energy partieIes are already stopped in the 

quirl detector. These will become measurable in the 
future by either employing a thinner quirl detector 
made of Silicon or by applying the reversed reac­
tion, i.e. d + P -t (A = 3) + meson reaction using 
a deuteron beam. This leads to larger momenta of 
the recoiling A=3 nuelei which can not be bent in 
all cases to the foeal plane of the magnetic spectr<r 
graph because of limited magnetic fields . However, 
an exit in the side yoke of the fust dipole magnet was 
instalIed and studied wether it can serve as a foeal 
plane [5J. The present data are also an ideal testing 
ground for isospin symmetry, since for such a study 
almost all systematical errors caneel out. 
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Efficiency of Germanium detectors 

The GEM Collaboration 

The emdency of asolid state detector is infIu­
enced by mainly two effects: partieIes can be scat­
tered out of the detector volume and during stopping 
they can undergo nuelear collisions. The first effect 
has been sirnulated for the Germanium wall and it 
was found that a maximal emission angle being up 
to 1.4 degree smaller than the maximal geometrieal 
angle is sufficient to stop 100% in the detector vol­
ume. The effidency E due to the second effect can be 
calculated according to 

L rE O'(e) 
E = -X Jo "!:(e) de (1) 

with L Avogadro's number, A the mass number of 
the target material, 0' the nuelear reaction cross sec­
tion and ~~ the electronic stopping power. The lat­
ter quantity can be calculated applying the Bethe-­
Bloch theory. In an earlier study the nuelear reaction 
cross section for deuterons impinging on germanium 
was calculated for small energies from aglobaI op-­
tical potential and for high energies from nueleon­
nucleon scattering in terms of Glauber theory [lJ . 
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Unfortunately, for tritium and 3 He no such global 
optieal potential exist. We, therefore choose another 
way to derive at the necessary reaction cross seciion. 
In summary we applied the following prescription: 
we start from a formula, which described well ab­
sorption cross sections in heavy ion collisions. This 
formula is corrected for proton absorption. The fi­
nal equation iB tested against data for a-partiele ab­
sorption. Since this procedure leads to satiBfactory 
results we assumed the equation to be also valid for 
other light ion absorptions. 

The fust step iB the equation valid for ion-ion re­
actions. Kox et al. [2J found 

_ 2 [AI/3 ,,1/3 A!/3A!/3 
0' - '/l'TO • + 0" + a 1/ 3 1/3 

A. +At (2) 

_ (EIA )J2(1- VCOUl) 
c • EIAt 

with TO = 1.1 Im, a = 1.85 and c(EIA.) given for 
some energy intervals. With VCoul is the Coulomb 



barrier denoted . The fust part acCOUllts for the ge­
ometry, the second for the overlap of the two sur­
faces and the energy dependent variable for the nu­
elear transparency. Since the parameters are opti­
mized for beayY ion absorption they are not opti­
mal for light ions as is the present interest. On the 
otber band Carlson [3J fOUlld wben analysing pro­
ton absorption cross section from a few MeV up to 
1 GeV that the quantity ..((u/7r) shows always a 
linear dependence on Ai/' . However, slope and in­
tercept are energy dependent. Employing these pa­
rameters one can caJculate tbe energy dependence 
of the proton absorption cross section for any nu­
eleus. We used such vaJues and - by applying the 
Kox formula - we can extract the transparency func­
tion which also contains tbe necessary correction for 
tbe target mass number. Since our detector is made 
of Germanium [4J we are interested in A = 72 and 
hence fit the function c(E, At = 72). Then the as­
sumption tbat c(E" At = 72) = c(E,,/4, At = 72) is 
tested. Because tbe A-dependence was fOUlld to be 
weak around A "" 72 we choose tbe system er +58 Ni 
for comparison where data exlst. 
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Figure 1: Tbe predicted absorption cross section far 
the indicated reaction (curve) is compared with data. 
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Figure 2: Tbe efficieney for tbe indicated particles in 
Germanium as function of the energy. 

It is fOUlld that the decrease in tbe cross section 
which is due to transparency effects is sufficiently re­
produced. Therefore, we proceed and calculate the 
e!liciency according to Eq. 1. Tbe results are shown 
in Fig. 2. The results fall into two bands: one for 
hydrogen isotopes and one for helium isotopes. The 
similarity for isotopes of one element was already 
fOUlld earlier [lJ. Helium Isotopes bave a much larger 
e!liciency than hydrogen Isotopes due to tbeir larger 
stopping power . 
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Second focal plane of the Big Karl spectrometer 

Tbe GEM Collahoration 

Tbe GEM collahoration is working on several 
projects dealing either with meson production or 
meson-nueleus interactions. For a lot of this projects 
the use of adeuteron heam will be favourable. As 
mentioned in Ref. [lJ use of the dp -+3 H e7r° reaction 
will allow the measure the low energy 3 H e ions be­
cause of the higher momenta compared to the normal 
reaction employing a proton beam. In reactions pro­
ducing a meson at rest to study the meson- nueleus 
interaction, inverse reactions like dn -t3 H e1r- or 
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dp -+3 H e~ as elementary reactions lead to larger 
cross sections (see Fig. 3 in Ref. [lJ. Also the 
study of isospin symmetry breaking by comparing 
tbe p+d-+'H+7r+ and p+d-+3He+7r° reactions in 
tbe vicinity of tbe 1/ production thresbold [2J will 
benefit from tbe inverse kinematics. However, in a1-
most all cases bave the recoiling ions tben so large 
momenta that tbey can not more be bent to the focal 
plane by the magnetic dipoles of the spectrograph 
BIG KARL. Therefore, it was proposed to use the 



hole in Big Kar!'s first dipole side yoke to extract re­
action products: tbis will be ealled the second foeal 
plane. The dipole yoke hole allows for exit of parti­
cles with the rigidity from 2 to 4 times larger than 
partieIes reaching the standard focal plane since it 
was foreseen as the beam dump exit. In order to 
use tbis exit it is first necessary to find out the op­
tical properties and the acceptance of the new foeal 
plane. For tbis purposes the reaction p+p-t d+rr+ 
at the proton beam momentum of 1.206 GeV jc was 
used. At tbis beam momentum the reaction products 
have the momentum ratio equal 2 (deuteron - 0.804 
GeV jc, rr+ - 0.402 GeV jc) resulting in the ratio of 
magnetic rigidities equal 2, thus allowing a kinemati­
cal coincidence measurement between the pion in the 
normal foeal plane and the deuteron in the new fo­
cal plane . The direct proton beam was also used to 
check the performance of the new detection system 
mounted at new foeal plane position. The new detee­
tion system mounted at the first dipole yoke hole (see 
Fig. 1) consists oftwo sets of drift chambers mounted 
40 cm apart and two scintillator layers. The drift 
chambers with double sense wires and active area of 
32x32 cm2 [3] were used. The first scintillator layer 
was mounted just behind the drift chambers and the 
second at a distance of about 3.5 m. The first scintil­
lator layer consists of 4 paddles and the second of 16 
paddles, with the individual paddle area of lOx20 
cm2 and tbickness of 6 mm. The drift chambers 
allow the track determination, the scintillators are 
used to start the drift time measurements and en­
able the particle identification by means of energy 
loss and time of flight measurements. During tests 
it was found that with a count rate of 104 per sec­
ond the drift chambers operate very well. Very good 
particle identification was obtained, as it is shown in 
Fig. 2, where the time of flight spectrum is presented 
with a clearly visible deuteron peak. 
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Figure 1: Scbematic view of the first Big Karl dipole 
with side yoke hole and new detection system consisting 
two sets of drift chambers and two scintillator 
hodoscopes. 
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Figure 2:Time of Bight spectrum for the detection 
system mounted at the Big Karl dipole yoke hole. The 
sharp peak in tbe spectrwn corresponds to tbe 
deuterons emerging from tbe reaction pp~d·7I''+. 
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Figure 3: Horizontal angle vs. horizontal position for 
deuterons detected at the dipole hole in coincidence 
with pions detected at the foeal plane. The density of 
the points corresponds to tbe number of counts and 
varies logarithmieally. 

As a first step the direct beam was used in order to 
check the optics ofthe part ofBig Karl that transmits 
partieIes to the first dipole yoke hole. It was found 
that by varying the fields of the first two quadrupole 
magnets it is possible to obtain good focus at the 
dipole yoke hole. With optimal quadrupole setting 
the direct beam at tbis position has a diameter of 
3 mrn in both directions. It should be pointed out 
that such a setting will be very useful for all future 
Big Karl experiments, since it allows a bearn inten­
sity calibration in the case when the beam cannot be 
bent to the focal plane. Further tests were performed 
using the pp-tdrr+ reaction at the beam momentum 



of 1.206 GeV /c. The pions and deuterons were de­
tected in the foeal plane and at the dipole yoke hole, 
respectively. The relative acceptance at these two 
detection positions was measured using the ldnemat­
ieal coincidences between the deuterons at tbe dipole 
yoke bole and tbe pions in the foeal plane. In order to 
find tbe optimal setting for tbe Big Karl magnets, tbe 
acceptance measurements were performed fcr various 
quadrupole and dipole magnetic fields. It was found 
tbat tbe maximum relative acceptance is obtained 
witb tbe standard Big Karl setting. Witb such a 
setting tbe acceptance at tbe dipole yoke bole is by 
factar 14 smaller tban tbat for tbe foeal plane. Tbe 
online spectrum of tbe borizontal angle vs. boriwn­
tal position for tbe deuterons detected at tbe dipole 
bole in coincidence witb pions deteeted at tbe foeal 
plane is sbown in Fig. 3. Tbe borizontal acceptance 
cut on tbe right side is due to tbe edge of the mag­
net, while on the left side the horiwntal acceptance 
is llmited by the dimensions of the drift chambers. 

It bas been determined tbat it is possible to increase 
tbe acceptance at tbe dipole yoke bole by varying 
the fields of tbe first two quadrupole magnets. Tben 
tbe acceptance at tbe dipole hole is by factor of 1.6 
larger tban tbe focal plane acceptance. Sucb a set­
ting may be used in any future experiment wben tbe 
bending of higb momenta particles to tbe focal plane 
is impossible. 

References 

[1] Tbe GEM collaboration, Study 0/ the reactions 
p + d -+3 H + ,,+ and the 3 He + ,,0 reections 
in the transition region, contribution to tbis An­
nual Report. 

[2] A. Magiera, COSY - Proposal No. 59 (1997). 

[3] COSY-ll-Collaboration, Annual Report 1995, 
KFA-IKP, 1996, p. 44. 

Investigations of isospin symmetry breaking in the p + d -+3 H + 11'+ 

and the 3 H e + 11'0 reactions at the TJ production threshold 

Tbe GEM Collaboration 

Isospin and cbarge symmetry breaking of strong 
inter action is one of tbe most basic problems of nu­
clear and particle pbysics. Studies of tbose effects 
are bindered by difficulties caused by much stronger 
isospin and cbarge symmetry breaking signals orig­
inating from tbe eleetrcr-weak seetor of the inter ac­
tion. Tberefore tbere are only few attempts to at­
tack experimentally the genulne strang interaction 
isospin conservation violation (see Ref. [1] for a 
reeent review). It is believed tbat on the quark 
level charge symmetry breaking of tbe strang inter­
action is due to the mass difference between tbe up 
and down quarks. Information on this mass differ­
ence cannot be obtained directly. It could be, bow­
ever, extracted from isospin and cbarge symmetry 
breaking on badronic level e.g. taking into account 
mesons mixing ('lr0 - 1/ and pO - w). It was pr<>­
posed [2] to study the isospin symmetry breaking in 
the p+d-+3H+,,+ and p+d-+3He+,,0 reactions. Tbe 
measurements of the ratio R of tbe cross sections: 

R = du/df!(p + d -+3 H + ,,+) 
du/dO(P+ d -+3 He+ ,,0) 

sbould dellver information about isospin symmetry 
breaking. Under assumption of isospin conservation 
tbeory dellvers R=2, with small electromagnetic cor­
rections due to different three nucleon wave functions 
[1]. Coulomb e!reets present in tbose reactions lead to 
mndifications of R value, whicb are bowever, weakly 
energy dependent in tbe llmited energy range. On 
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tbe contrary, tbe isospin symmetry breaking intro­
duces strong oscillations of R value witb energy. In 
tbe backward direction 8~m. = 1800 in tbe interval 
of a few MeV around the incident proton energy of 
900 MeV tbe magnitude of the R variations can reach 
ab out 10% [3]. 

"r-------------------------, 

Figure l :Missing mass spectrum for the 3He events 
detected in tbe Big Karl (Deal plane. The peak 
corresponds to the events originating in the 
p+d-t3He+7r° reaction at the proton beam energy of 
850 MeV. Very small background underlying tbe ".0 

peak proves that this reaction can be identified almost 



background free. 

Such incident energy corresponds to the threshold 
for the p+d-+'He+1) reaction and it is expected that 
strong ,,0 - I) mixing might lead to the large isospin 
symmetry breaking. The most suitable detection 
system for the measurements at small angles is the 
Big Karl spectrometer. In order to obtain sufficient 
accuracy allowing isospin symmetry breaking stud­
ies, the simultaneous detection of emitted sH and 
' He is required. In tbis case most of the system­
atical errors cancel and tbe accuracy of the R-ratio 
is limited by the statistical error. The simultane­
ous measurement of outgoing 3H and 3He may be 
achieved by using the Big Karl focal plane for 'He 
detection and first dipole yoke bole for 3H detection 
(for details see rer. [4]). The feasibility studies of tbe 
proposed investigations were performed in test mea­
surements. It was found tbat the interesting reaetion 
2H(p,3He),,0 can be singled out almost background 
free by identifying 'He in tbe focal plane detection 
system and by selecting a clearly visible ".0 peak in 
the missing mass spectrum sbown in Fig. 1. Witb 
the beam intensity of 7 . 101 protons/s tbe observed 
counting rate for "He was 7 per bour. It was found 
that the geometrical acceptance ratio of tbe detection 
systems at tbe focal plane and at the first dipole yoke 
bole is equal 14 [4]. Unfortunately large background 
in the detectors placed at tbe first dipole yoke bole 
was observed, which originates from the beam dump 
located close to this detection system. Nevertbeless 
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the observed counting rate and the aceeptanee ratio 
of the two applied detection systems allows to esti­
mate that the ratio R ean be measured with the ac­
euraey of about 3%, which should be eompared with 
expected 10% variation due to tbe isospin symmetry 
breaking. In order to obtain such aecuracy redue­
t ion of tbe background at tbe first dipole yoke hole 
detectors is neeessary. It may be aehieved by mea­
surements with inverse kinematie Le. deuteron beam 
ineident on the proton target, sinee tbe beam dump 
is than located at a different, more favourable posi­
tion. Also a possibility of measurements at an angle 
slightly different from zero is considered. Tbis will 
move the beam dump significantly furtber from the 
detection system. Monte-Carlo simulations and test 
measurements will be performed in order to optimize 
the experimental eonditions. 
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Analysis of the pp ----t PP?7' reaction measured at 
eaSY - 11 

Pawel Moskal' for the eosy - 11 Collaboration 

• Institute of Physics , Jagellonian University, Cracow, Poland 

Recently the total cross section for the pp -+ 
ppry' reaction was determined at a few beam 
energies [1 , 2, 3]. The data allows for the first 
comparisons with theoretical models [4, 5], 
and indicates that the proton-I)' interaction 
may have an repulsive character [6] , in con­
trary to the proton-7] interaction. 
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Figure 1: Missing mass in the pp -+ ppX re­
action 

In order to determine precisely the energy de­
pendence for the 1'P -+ PP7]' total cross sec­
tion, the COSY - 11 Collaboration has contin­
ued the measurement at seven excess energies 
ranging between Q = 3 MeV and Q = 20 MeV. 
During the experiment t he proton beam was 

32 

cooled stochastically enlarging the luminosity 
and diminishing the beam momentum spread. 
Consequently, in com parison to the former 
measurements [1] the missing mass resolution 
was improved making the signal to the back­
ground ratio more pronounced, which is very 
important as far as the study of the differen­
tial cross section is concerned. The analysis of 
the data is in progress. 

Figure 1 depicts the missing mass spectrum 
obtained for the pp -+ ppX reaction at the 
excess energy value of Q = 6 MeV. The up­
per picture shows the missing mass distribu­
tion at a broad mass range, where the clear 
peak corresponding to the production of the w 
meson is visible at a mass value of780 MeV /c2 • 

The very sharp peak originated in the 7]' pro­
duction can also be seen at a mass value of 
958 MeV /c2 . The signal of the pp -+ pp.,.,' re­
action is better to be seen in the lower pictu re, 
where the missing mass distribution only in 
vicinity of the kinematical limit is presented. 

The evaluation of the cross section values is in 
progress . 
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Measurement ofnear Threshold LO-and A-Production 

S.Sewerin and G.Sehepers for the COSY-II Collaboration 

As an extension of the COSY-II-measurements of the re­
action pp ........ p[(+ A close to threshold, wh ich have 
been puplished in [I], the hyperon produetion at the 
p[(+ LO threshold was investigated. The eomparison of 
the A .nd the LO produetion yield at the same excess 
energies, relative to their respective thresholds, provides 
useful information for ·the understanding of the coupling 
constants and the production mechanisms in the presence 
of strong channel couplings. 
At the COSY-II facility the four-momenta of the posi­
tively charged p and J(+ are determined directly, whereas 
the neutral hyperon is identified using the missing mass 
method. In figure 1 the detected invariant mass of the sec­
ond particle with the first particle being an identified pro­
ton is plotted versus the missing mass far a beam energy 
above the p[(+LO -threshold. A band in the J(+ -m ass re­
gion is visible which shows enhancements at the A- and 
the EO-masses. 
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Fig. 1: Squared inv. mass of the [(+ versus the missing 
mass of the (pK+) subsystem 

Comparing the results of the first run for LO-production 
with data from [I] has shown a large difference of the 
cross section between A- and ~o-production . Ta optimize 
for equal experimental conditions COSY was used in the 
supercycle mode. which allaws arepetition of a sequence 
of spills of different energy. We used 10 or 20 spills at 
beam momenta equivalent to one excess energy above the 
LO -threshold followed by one spill equivalent 10 the same 
excess energy for A-production. The length of the spills 
was 5 minutes. rhe value of the missing mass of the hy­
peron can be determined with an accuracy ofO.4 MeV. In 
figure 2 the determined cross section values are presented 
graphically. 
Near threshold Ihe following cross sec li on ratio for Ihe 
two hyperon productions is obtained: 

,,(pp ........ p[(+ A) 
R(Q) = ,,(pp ........ p!(+EO) "" 28. ( I) 
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Fig. 2: Cross section of pp ........ p[(+ A (circles) and 
pp ........ pJ(+Eo (stars) [2] . The data of the filled 
circles have been puplished in [I]. The dashed 
curves show phase-space fits to the data. The solid 
curves are fits, which also include proton-hyperon 
final state interaction. 

Both 11:0 and [(+ exchange diagrams can contribute to 
the hyperon production. Assuming onIy [(+ exchange. 
the value of the SU(6) predietion of 27/1 for the ratio 
R(Q) is in very good agreement the measured one. In re­
ality one has to consider significant 7r0 exchange, which 
favours the EO above the A production [2]. However, the 
measured ratio can be explained, if virtuaUy produced 
L'S are converted into A's due to strong EN ........ Ap 
final state interaction. Evidences far these effects are 
weIl known in the literature. [(- absorption in deuteron 
1(- d ........ 11:- Ap [3] shows a very clear indication for the 
foUowing two-step process J(-d ........ 1I:-(EN ........ Ap). 
An additional hint might be the clearly visible irregular­
ity in the mass spectrum of the pA at the E threshold in 
the pp ........ pJ(+ Areaction measured at COSY-TOF [4]. 
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Measurement of the pp --t ppq, reaction at COSY - 11 

Pawel Moskal' and Georg Schepers for the casy - 11 Collaboration 

... Institute of Physics. Jagellonian University, Cracow, Poland 

The CaSY-II collaboration measured the pp --t ppq, re­
action using a proton beam momentum of 3481 MeV Ic 
corresponding to an excess energy of about 24 MeV. The 
improvement cf the data analysis program during the last 
years and especially the more realistic treatment of the 
magnetic field used in the momentum reconstruction [IJ 
encouraged us to reanalyze the data. 

Figure 1 shows the missing mass spectrum for the pp -4 

ppX reaction, where fhe outgoing protons were iden­
tified by reconstructing their mass from the measured 
momentum and velocity [2]. Most of the entries in this 
spectrum originale from the multi-pion production and 
the production of broad mesons like 10 (980) or 00(980). 
The c1ear peak at the mass value of 780 MeV/c' above 
the background corresponds to the production of the w 
meson, however, no indication shows up at a mass of 
1020 MeV/c' , which is the mass of the q, meson. 

Considering that the q, meson decays with 49% into 
the ]{+]{- mesons, and that the mesons 10(980) and 
Qo(980) decay predominantly into 1rtr and 1)1T, respec­
tively [3], it is possible to augment the relative signal of 
q, production by the requirement that additionally to the 
(WO protons also a](+ meson was detected. The missing 
mass distribution obtained under this condilion is shown 
in figure 2. The requirement of a coincident identification 
of two protons and a ]{+ reduces the number of events 
significantly. However, now an enhancement at the miss­
ing mass value corresponding to the mass of the </> meson 
is clearly visible. The run for the q, meson production was 
only 60 hours, since it was regarded as a feasibilily test. 
An extraction of cross seetion is in progress. 

In 1999 further experiments on the q, meson production 
will be performed, which should allow us to improve the 
statistics, to identify unambiguously the production of q, 
mesons in the proton-proton eollisions. and to determine 
the cross seetion at different excess energies. 
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Fig. 1: Missing mass in the pp --+ ppX reaction 
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additional condition that a third particle with the 
mass correspondig to a kaan is registered 
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Production amplitude for the pp -+ ppr/ reaction 

Pawel lvIoskal* for the COSY - 11 Collaboration 

* Institute of Physics, Jagellonian University, Cracow, Poland 

The cross section for the reaction pp --} ppry' 
can be expressed as: 

J phase space . IMpp-tppn,1 2 

(Tpp-tppn' = flux factor (1) 

where Mpp-tppn' denotes the transition matrix 
element for the pp --} ppry' reaction. In analogy 
with the Watson-Migdal approximation [IJ for 
two body processes, it can be assumed that 
the complete transition amplitude of a pro­
d uction process Mpp-tppn' factorizes approxi­
mately as [2]: 

Mpp-tppn' ~ Mo . MFSI (2) 

where, Mo accounts for all possible produc­
tion processes, and MFSI describes the elas­
tic interaction of protons and 1)' meson in 
the exit channe!. Assuming that the pri­
mary production amplitude does not change 
with the excess energy, and that only the 
proton-proton interaction is present in the 
exit channel the Mo was calculated estimating 
the proton-proton interaction according to the 
Cini-Fubini-Stanghellini formula as described 
in reference [3]. 
Figure 1 compares the extracted absolute val­
ues for the modulus of amplitudes for the near 
to threshold production of the ,,-0 (triangles), 
1) (eireles) and 1)' (squares) mesons. It can be 
seen that IMol stays nearly constant with the 
tendency of larger values at small Q for the 
1) meson. Whereas very elose to threshold it 
decreases for the pion production with the sim­
ilar tendency for the 1)' 
The behaviour of the extracted IMol can 
be attributed to the attractive interaction of 
the proton-1) and repulsive interaction of the 
proton-pion and proton-1)' or to the actual 
variation of the primary production amplitude 
very elose to the reaction threshold. 
The large difference between the absolute val­
ues of the obtained modulus of the produc­
tion amplitude for 1) and 1)' mesons, may 
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suggests that the production mechanisms for 
these mesons are different. And since it is 
known that the 1) is produced via the excita­
tion of the baryonic resonance, thus probably 
it is not the case for the 1)' production. 
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Figure 1: Symbols show the results extracted 
from the exprimental data for the reactions 
pp --} pp,,-o (open triangles ) [4], pp--} 
I'P'l (filled eireles) [5, 6], and pp --} PP'l' (filled 
squares) [5, 7J. 
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Rcactions of the Type pp ---) ppK+X near the (K+K-)-Threshold 

T. Lister*. C. Quentmeier*, M. Wolke for the caSY-11 Collaboration 

Studies of the f( R: channel in the proton-proton inter­
action may contribute to disentangle the structure of the 
seal ar objects 10 (980) and ao(980). Their nature has been 
subject of incessant discussions [I, 2, 3,4] and is still 
being controversely interpreted from recent experimental 
data [5]. 
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Fig. 1: Invariant mass of a third positively charged ejec­
tile besides two identified protons in the exil 
channel versus the missing mass with respect 
to the (ppI<+) subsystem at 10 MeV excess en­
ergy above the (J{+ I< -) threshold according to 
Monte Carlo simulations of the reactions pp -4 

ppI<+ f{- (a) and pp ---) pf{+ A (1405) (b). 

Results obtained within the framework of the Jülich me­
son exchange model [4] closely relate a f{f{ molecule 
structure of the 10(980) with the strength of the f{ R 
interaction, which determines balh shape and absolute 
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value of the 1r7r ---+ I< R excitation functions [6]. A sim­
ilar effect on kaon pair production cross sections in the 
proton-proton interactian is conceivable. 
At the CaSY-I 1 installation the four-momenta of posi­
tively charged particles are directly experimentally avail­
able. In addition, negative particles can be detected with 
reduced acceptance, wh ich e.g. remains far the f(- de­
tection at a level of more than 40 per cent at excess en­
ergies of 30 MeV with respect 10 the (1(+ f{-) thresh­
old. Details of the experimental technique in case of the 
(pp[{+ [(-) final state are given in [7, 8, 9]. 
With no additional signal from a negatively charged par­
ticle being required the identification of a (pp[{+) sub­
system leads to the reaction type 

pp ---) pp[{+ x. (1) 

In this case the underlying reaction mechanism is not un­
ambigous, as one of the identified protons may originate 
from the decay of a previously produced hyperon Y in 
pp ---) p[{+Y ---) p[{+pX. Thus, in reaction type (1), X 
denotes a system of one or more undetected particles. 
In consequence. the missing mass with respect to the 
identified (pp[(+) subsystem may shift to values too 
small for a (pp[{+](-) hypothesis as demonstrated by 
the simulations in figure 1. An experimental acceptance 
decreasing wirh increasing excess energy favours final 
states elose to threshold, thus a dominant inftuence of 
the hyperons BQ (1385) and A (1405) is expected [9] . 
Furthermore. reactions of the type pp ---) pJ(+ Ax ---) 
p/{+ P7r- X might contribute, Le. reactions with up to two 
additional pions or a number of gammas (x) produced 
along with a hyperon. 
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Fig. 2: Experimental data at an excess energy of 10MeV 
with respect to the ([{+ J(-) threshold. Axes are 
the same as in figure 1. 

Experimental data at Q = 10 MeV in excess of the 
(1(+ J(-) threshold, when compared to the simulations 
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of figure I, show a clear him of the significance of the 
hyperon channels on the (pp/{+) system (fig. 2). The 
lack of at leas t 50 per cent of the expected number of hits 
which are consistent with a g- interpretation in the data 
provides another piece of evidence. 
With only a few ten events of the type (I) being identified 
in total, data taken at five different beam momenta up to 
excess energies of 30 MeV show no enhancement that can 
be considered a dear exdusive signal of one of the reac­
tion channels previously discussed. rhus, at this stage of 
the analysis only upper limits of the total cross section for 
the charged kaon pair production and the hyperon chan· 
nels ofthe E (1385) and A (1405), respectively, are avai l· 
able (fig. 3) [8, 9J. 
To unravel thi s situation, additional data have been taken 
at excess energies of Q = -3 MeV and Q = +3 MeV, 
i.e. below and above the (K+K-) threshold, as weil as at 
a higher Q va lueof 17 MeV in September 1998, the latter 
filling the obvious gap in figure 3. 
A preliminary analysis of the data at Q = 17MeV 
suggests several events with additionally detected K­
mesons. Further evaluation of these dat3 may result in an 
absolute value for. the total cross section of the exclusive 
pp --> pp/(+ 1(- channel in the vicinity ofthe 1.(980). 
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Note on the glue content in the TI' meson 

Pawel Moskal" for the COSY - 11 Collaboration 

x Institute of Physics, Jagellonian University, Cracow, Poland 

The investigations of the 1)' meson aim in a 
better understanding of its structure and its 
interaction with nucleons. The 1)' meson being 
predominantly an /lavour singlet state may be 
built out not only of the quarkonium but also 
out of the gluonium state, making it an very 
interesting object. The possible gluonium con­
tents implies that the creation of this meson in 
the proton-proton collisions may proceed via a 
fusion of gluons emitted from the colliding pro­
tons (1]. 
Similarly, the creation of the 1)' in the fu­
sion of gluons is considered when trying to 
explain the large branching ratios of Band 
D mesons decay into the 1)' meson observed 
by the CLEO Collaboration (2, 3]. Without 
assuming the significant gluonium (4] or char­
monium content in the 1)' meson it is also not 
possible to explain its large mass in compar­
ison to the masses of its counterpart mesons 
from the pseudoscalar ßavour octet. 

Recently it is discussed whether the "gluon 
rich" states are more copiously produced for 
small transverse momentum transfer in the 
reaction pp -+ ppX where the conventional 
quarkonium states are supposed to be sup­
pressed (5, 6, 7]. The central particle produc­
tion in the pp -+ ppX reaction has been stud­
ied by the CERN WA102 Collaboration (8] 
for the high incident beam momenta ranging 
between 85 and 450 GeV jc. There are ex­
am pIes shown in reference (9], that consider­
ing only a large transverse momentum transfer 
I::.PT > 500 MeV jc, the usual qq states like p 
are clearly seen in the '''' invariant mass spec­
trum , whereas they disappear at a small I::.PT 
(I::.PT < 200 MeV jc). In contrary, the 0j!J 
state which is supposed to be dominantly a 
glueball appears at a small I::.PT. 

The performed and planned COSY - 11 ex­
periments on 1) and 1)' production in the pp -+ 
ppX reaction close to the kinematical thresh-
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old mayaIso be analysed in view of the cross 
section distribution as a function of the trans­
verse momentum transfer. For example at 
an excess energy Q = 10 MeV the transverse 
momentum transfer range from zero to about 
100 MeV jc, which is of the same order as a 
small momenta studied at high incident beam 
energies at CERN. 
The 1) is predominantly a /lavour oetet state 
and hence its coupling to gluonium is expected 
to be m uch weaker than in the case of the 
1)' meson. Therefore if the gluon-gluon fusion 
mechanism is to be taken seriously it is ex­
peeted to observe the enhancement at a small 
I::.PT value for the 1)' meson production rela­
tive to the 1). 

The study of the transverse momentum trans­
fer distributions may be performed with a 
very good momentum accuarcy of 1 MeV jc 
achieved at the COSY - 11 experiments. 
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Angular and moment um distributions of the pp ---7- PP7J reaction products. 

J. Smyrski and P. Wüstner for the COSY-ll eollaboration 

The S-wave interaction of 7]-mesons with nucle­
ons inftuences substantially the energy dependence 
of the pp -4 pp~ total cross seetion as observed 
by H. Calen et al.[l]. In angular and momen­
turn distributions of the pp -4 pp~ reaetion prod­
ucts these final state interactions should be more 
sensitive. In order to search for such effects, we 
analysed experimental data eolleeted in the near­
threshold pp -4 pp~ measurements performed at 
the COSY-ll facility. These measurements were 
done for nominal beam momenta varied conti nu­
ously in the range from Q = - 9.6 MeV /e below 
to Q = 20.4 MeV /e above the threshold momen­
turn equal to 1981.6 MeV /e. The nominal beam 
moment um, calculated from the synchrotron fre­
quency and the beam orbit length, was corrected 
by -2 MeV /e based on the differenee between the 
measured missing mass of the two outgoing pro­
tons and the known mass of the 'I-meson. 
Figures 1 and 2 show examples of CM angular 
distributions of the 'I momentum veetor and the 
proton-proton relative moment um vector, respec­
tively, determined for the beam momenta range 
from 1993 to 1996 MeV /e, whieh is equivalent to an 
exeess energy range of Q = 4 Me V to Q = 5 Me V. 
These distributions were obtained by eorreeting 
the experimental counts for the detection accep­
tanee ealeulated from Monte Carlo simulations 
with phase space distribution of the re action prod­
ucts weighted by the (p-p)-FSI. The angular dis­
tributions are flat indicating dominant S-waves in 
the exit ehannel. 
Figure 3 shows the distribution of the event yield 
as a function of the relative momentum of the two 
outgoing protons again determined for beam mo­
menta in the range from 1993 to 1996 MeV / e. The 
solid line indieates the result of a Monte Carto eal­
eulation with phase spaee distribution weighted by 
the (p- p)-FSI whereas the dashed line represents 
calculations with a uniform phase space distribu­
tion. The solid line is normalized to the data points 
at sm all relative momenta, where (p-p)-FSI is par­
ticularly strong. With this normalization, the data 
points at higher relative momenta are underesti­
mated . This ean be eaused by the ('I - N)-FSI 
which has not been taken into account. Theoret­
ieal ealeulations deseribing the three body PPTJ fi­
nal state with indusion of (p- p)-FSI and (p-TJ)-FSI 
would be very useful for testing this hypothesis. 
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Development and Test of the Three Threshold Discriminator 

J. Majewski, A. Misiak for the eOSY-11 and the TOF eollaboration 

The solution of a three-threshold discriminator using a 
two-point constant-Ievel method has been presented in 
the IKP Annual Report 1996 [I]. A first discriminator 
of this type was realised as a hybrid on a printed-circuit 
board with the dimensions 25.5mm x 73.2mm. The unit , 
tested with pulses [rom a generator (trise = Ins, twidth = 
3ns), effectively redueed the time walk in a wide range 
of pulse amplitudes (±50ps for a 300: I dynamie range). 
However, when using [his discriminator with (attenuated) 
pulses from a photomultiplier triggered by a light emit­
ting diode (LED) system [2J (PM+LED) the results were 
nOl satisfactory anymore. The time walk reached values 
up to ±200ps for a 10: 1 dynamie range (with pulses of 
t rise = 30s, twidth = 70s): 11 was fallod that the warsen­
ing of the timing characteristics was caused by the photo­
effeet from the first dynode of the photomultiplier whieh 
disturbed the leading edge of the output signals and thus 
did not allow to set a very low threshold value. 

In order to still improve the eharaeteristies of this 
discriminator, the input circuit was modified Lo eo­
able eonstant-fraetion shaping of the input pulses. The 
new printed-eireuit board of the diseriminator (model 
Mfl M06) has the dimensions 24.8mm x 77.2mm. Test 
measurements with pulses of trise = 3ns and twidth == 7ns 
have shown an improvemem of the timing eharaeteris~ 
ties of the diseriminator after the modifieations. Figure 1 
presents timing charaeteristics of the modified discrim­
inator for different settings of the three thresholds. The 
thresholds were chosen the following way: the highest 
threshold (THR3) was set to the minimum required signal 
amplitude (i.e. particle identification in the experiment), 
the lowest threshold (THRI) arbitrarily to the half of it. 
The middle threshold (THR2) was adjusted for minimum 
time walk over the whole possible ampli tude range. The 
comparison of the THRI timing, which acts as a leading 
edge discriminator, and the resulting output of the whole 
discfiminator circuit shows the timing improvement. The 
time walk is about ±lOOps for a 120:1 dynamie range. 
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Additional drift chamber for the eosy - 11 facility 

J. Smyrski for the COSY-11 collaboration 

The COSY-ll facility uses two plan ar drift cham­
bers for measurements of trajectories of positively 
charged reaction products which are defiected in 
one of the COSY dipole magnets towards the cen­
ter ofthe COSY ring. The chambers cover only the 
upper range of momenta of the outgoing particles. 
It is planned , therefore, to install along the dipole 
magnet an additional drift eh amber extending the 
momentum acceptance of the COSY - 11 spectrom­
eter towards sm aller momenta. This chamber will 
allaw one to measure for example the 11"+ -momenta 
in the reaction pp --+ pprr+,,- near threshold. It 
will also increase the detection efficiency for kaons, 
due to its smaller distance to the target. 

The new chamber contains hexagonal cells (see Fig. 
1), identical with the ones which are used in the 
central drift chamber of the SAPHIR detector [1]. 
The drift field in this type of cells has approxi­
mately cylindrical symmetry, and thus the distance 
to drift time relation is independent of the par­
ticles: angles of incidence . In order to minimize 
the multiple scattering on wires, gold-plated alu­
minium [2] is used for the 110 I'm- thick field wires. 
The sense wires are made of 20 I'm- thick gold­
plated tungsten . As eh amber gas a mixture of 50% 
argon and 50% ethane at atmospheric pressure is 
used. The sense wire potential is about +1800 V, 
whereas the field wires are all grounded. 

Field 
wires 
~---o 

Figure 1: Cell structure. 

The cells are arranged in the detection plane as 
shown in Fig. 2. The chamber consists of three de­
tection planes with vertical wires, two planes with 
wires inclined at - IOo and tWQ with wires inclined 
at + lOo. This arrangement makes it possible to re­
construct particle trajectories in three dimensions, 
also in cases of multi-track events. The chamber 
contains 3x80=240 and 4x77=308 cells with verti­
cal and inclined wires} respectively. 
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Particle 
track 

Figure 2: Orientation of wires in the seven de­
tectian planes af the cham ber. 

The Wlres are stretched between two aluminium 
plates and are positioned by means of sockets with 
inner openings of q, = 50 I'm and if> = 150 I'm for 
the sense aIld field wires} respectively. The wires 
are fixed in the sockets by means of sm all wedges. 
The sockets are inserted in q,=2 mm holes drilled in 
the aluminium plates. The plates are supported by 
two U-shaped frames (see Fig. 3). More stable rect­
angular frames were excluded due to space limita­
tions} however} the applied frarnes are rigid enough 
to hold the total load of 290 kg originating from the 
mechanical tension of an wires. The active area of 
the chamber is 1500 mm wide and 400 mm high. 
The installation of the chamber at the COSY- ll 
facility is foreseen for summer of 1999. 
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Figure 3: Frant view af the chamber. 
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The EDDA Experiment: Excitation Functions of Proton-Proton Scattering at 
Intermediate Energies 

J. Bisplinghoff, F . Hinterberger and W. Scobel for the EDDA collaboration [IJ 

1 Motivation and General De­
scription . 

The EDDA experiment [2] is designed to provide a 
high precision measurement of proton-proton elas­
tic scattering excitation functions ranging from 0.5 
to 2.5 GeV of laboratory kinetic energy, Tp • It 
utilizes the proton beam of the cooler synchrotron 
eOSy [3] operated by Forschungszentrum J ülich. 
The proton-proton elastic scattering [4] is funda­
mental to the understanding of the strong inter­
action. Excitation functions for cross sections and 
polarization observables of the pp interaction, in 
particular the elastic channel, provide the data 
base for phase shift analyses serving as input to 
calculations concerning nuclei and the test of me­
son exchange models [5]. The experimental data 
base is rather poor [6] for energies Tp > 1.2 GeV 
and there is a need for exc1usive data in narrow en­
ergyy increments and over a large angular range. 
Such data is also suitable to either detect dibary­
onic resonances or to place upper limits on their 
existence in case of their coupling to the elastic 
channe!. 

Beam 

10cm --- p 

Figure 1: The EDDA detector (not to sc ale) 

Both for aphase shift analysis as such and 
for its use in identifying dibaryonic resonances, it 
is mandatory to measure not only spin-averaged 

cross sections, but also spin observables such as 
analyzing powers (AN) and spin eorrelation coef­
ficients (ANN, Ass,AsL). This requires a polar­
ized eOSy beam and a polarized EDDA target. 
EDDA was eonceived as an experiment using the 
internal recirculating eOSY beam in order to ob­
tain luminosities high enough for use of a polar­
ized atomie beam target [2]. Data eollection pro­
ceeds during synchrotron acceleration in a multi­
pass technique, so that a full excitation function 
is measured in each acceleration cycle. Statisti­
cal accuracy is obtained by averaging over many 
cycles. This technique requires (and has demon­
strated) a very stable and reproducable operation 
of eOSY. 

The EDDA detector was designed for large solid 
angle coverage in a cylindrieal geometry, and it 
provides a fast and efficient trigger on low multi­
plicity events of a given kinematie signature. Elas­
tic events are identified by coplanarity with the 
beam ('l'I - 'l'z = 180°) and the elastic scattering 
kinematics, whieh impose tan 0 1,lab . tan 0 Z,lab = 
2mpcz/(2mpcZ + Tp ) These conditions are em­
ployed - with different degrees of stringency -
both in triggering and in event identification dur­
ing off-line analysis. The EDDA detector is shown 
in Fig. 1 in a schematie fashion. It consists of two 
cylindrieal double layers covering 30° to 150° in 
0 ern for the elastic pp channel and about 85 % of 
the full solid angle. The inner layers are composed 
of scintillating fibers whieh are helieally wound in 
opposing direetions. They are not required and 
were not installed when measuring spin-averaged 
cross seetions with a eHz fiber target, but are 
essential for measuring spin observables with the 
polarized atomie beam target, as they provide for 
vertex reconstruction. The outer layers consist of 
32 scintillator bars which are running parallel to 
the beam axis and which are read out at both 
ends. They are surrounded by scintillator sem i­
rings. The scintillator cross seetions were designed 
so that each partic1e traversing the outer layers 
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Figure 2: Polarized atomic beam target with dis­
sociator D, cooled nozzle N, permanent sextupole 
magnets S, RF transitions and Breit-Rabi po­
larimeter in the beam dump 

produces a signal in two neighbouring bars and 
rings. Analysis of the fractional light output is 
used to determine the angles of incidence much 
more accurately (by a factor of 5) than would be 
possible on the basis of detector granularity alone. 
Combined with the spatial resolution of the 2.5 
mm scintillator fibers, this provides for vertex re­
construction to aprecision of about 2 mm. Details 
are given in Ref.[2]. 

2 Status and Recent Progress 

Taking unpolarized data with outer detector layer 
alone using CHz fiber targets and C fiber tar­
gets for background subtraction was completed in 
1996, and cross sections resulting from the data 
published [7]. During the run in November 1997, 
commissioning of the inner detector layer and of 
the polarized atomic beam target [8] (see fig . 2) 
was completed as seheduled. The polarized hy­
drogen atoms are prepared using an atomic beam 
souree with dissociator D, eooled nozzle N, per­
manent sextupole magnets S, and RF transition 
units. In the beam dump the polarization is eon­
tinuously monitored using a Breit-Rabi polarime­
ter eonsisting of RF transition, permanent sex­
tupole magnet Sand quadrupole mass spectrom­
eter QMS. Preparing a polarized hydrogen beam 
in a pure hyperfine state yields a peak polariza­
tion of about 85 % with an effeetive target density 
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of 2.5 . 1011 atoms/cmz. Taking the unpolarized 
hydrogen background in the target region into ac­
count the effective polarization amounts to about 
60 %. The FWHM diameter at the target point 
is about 12 mm. The installation of the polarized 
atomic beam target does not preclude the use of 
fiber targets for tuning and referencing. 

Two runs in June and November 1998 were de­
voted almost exclusively to the eolleetion of an­
alyzing power data using the unpolarized COSY 
beam and the polarized atomic beam target. With 
1.5.106 turns/s and 3.1010 protons in the ring a lu­
minosity of about 1028 /cmZ /s was aehieved. Data 
were taken during acceleration as well as during 
deceleration of the COSY beam. The time period 
of one cycle was about 20 s. The direetion of the 
target polarization was ehanged from cycle to cy­
cle between ±x and ±y thus alJowing a proper spin 
flip eorreetion of false asymmetries [9] . Since the 
target polarization is constant during an aceelera­
tion/deceleration eycle the analyzing power exci­
tation function ean be measured with a high rel­
ative aeeuraey. The absolute calibration is estab­
lished with reference to angular distributions mea­
sured at the IUCF cooler ring near 1000 MeV /c 
and at Los Alamos near 1500 MeV /e with a high 
absolute accuracy. The data analysis is underway. 
Now preparations for measuring excitation func­
tions of polarization correlation observables ANN, 
Ass and ASL are underway. 

The EDDA eolJaboration wishes to acknowledge 
the great support it has been receiving from the 
COSY team. 
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Tbe Storage Cell for tbe EDDA-Experiment at eOSy 

M. Olende, U. Becbsted~ P.D. Eversheim, O. Felden, R. Gebel, U. Rindfleisch, D. Rosendaal 

Tbe EDDA experiment measures excitation functions of 
polarization observables from 0.5 to 2.5 GeV at COSY. It 
uses a polarized atomic beam target whicb provides the 
expected polarization and density distribution[I)[2). For a 
further increase of the target density a storage cell was 
instalIed. 

For a high gain in luminosity the aperture of a storage cell 
should be as small as possible to get a high target density 
and wide enough to let the full accelerator beam pass. With 
the present cell aperture of 12 mm height and 29 mm width 
a gain factor of 56 in target thickness is expected for ex­
periments using the wboJe cell Jength. For the EDDA ex­
periment the region where interactions can be evaluated is 
limited by the angular acceptance of the detector to 
± 15 mm. Tbus the gain in target thickness by the storage 
cell is reduced to a factor 9.6 for the EDDA experiment. 

Since the storage cell reduces the acceptance of the accel­
erator the optimal aperture for the given situation was de­
termined in several steps: 
i) By scrapers [3) and the given ß-functions the beam Josses 
for given apertures at the EDDA experiment were esti­
mated. 
ii) Tbese predictions were tested by real apertures at the 
EDDA experiment. For the envisioned aperture the beam 
intensity was reduced to 43 % in acrordance with the pre­
diction of the scraper test. 
iii) Tbe storage cell was buill Tbe small variation of the ß­
functions alIows to choose a Jength of 300 mm withont a 
perceptible additional beam Joss. 
If the cell is not in use it can be raised to the top of the 
beam pipe to Jet the beam pass undisrurbed for other ex­
periments. 

For a high target density the cell is cooJed to about 
80 K - 100 K. Lower temperarures will cause depolariza­
!ion ofthe stored target gas [4). Evaluating the resnlts of [4) 

for several coatings p2. I can be increased by 25 % with a 
Teflon coating. Another 25 % could be achieved with a 
Fomblin oil coating. (Pressure of Fomblin oil Y-VAC 3: 
5.10.13 Torr at 293 K). 
Tbe present cell is coated with PTFE 3170, a polytetra­
flouretylene form of Teflon, by a proper tempering pro­
ceeding. It is expected to be more resistant as the flouri­
nated ethylene propylene copolymer form of Teflon and 
delivers the same conservation of polarization [4). 

Tbe present storage cell (see figure 1) is made of alumin­
ium manufactured of a single piece to maintain a high heat 
eonductanee. Based on calculations for simulated particIe 
trajectories [5] the part of the cell that is seen by the detee­
tor has a wall thickness of 0.2 mm in order to minimise 
multiple straggling. 
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Figure 1: 
Tbe storage cell with an aperture of 12x29 mm' and 
300 mm length instalIed in the beam pipe at TP2 
In front: Tbe cell part with 0.2 mm wall thiekness. 
Aside: Mount for the feeding tube 
At the top: Connection to the cold finger 

Since the detector adjoin very dose to the interaction zone, 
the cold head for the cell had to be positioned 60 cm above 
the beam pipe. Cell and cold head were linked by an appro­
priate cold finger. Wben the cold head is warmed up, an 
additional rurbo molecular pump cares for eonservation of a 
good vacuum quality. 
Tbe storage cell is operated with a feeding tube fastened at 
the funnel shaped opening at the side of the cell. A spring 
mounting cares for a sufficient pressure between the eell 
and the feeding tube to acbieve a high heat conductanee 
between them. 
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Determination of the A lifetime in hypernuclei 
produced in the 1.9 GeV p + Bi reaction 

1. Zychor for the COSY -13 Collaboration 

The lifetime of tl,e heavy A hypemuclei was measured 
by the observation of delayed fission using the recoil 
shadow method in the p + Bi reaction. The 
measurements were performed at 1.9 GeV proton 
energy and the background was determined at 
1.0 GeV. From the distribution of the fission fragments 
in the shadow region tl,e lifetime 

~ = [ 161 ± 7 (statist.) ± 14 (system.)] ps 
was obtained. . 

Details ofthe experiments are given in Ref. (I] and [2]. 

In Fig. I the experimental and calculated distributions 
are shown for the p + Bi reaction. 

We have used two different targets in our 
measurements. The hypemucleus Iifetime 't was 
ca leu la ted from the experimental event distributions in 
tl,e shadow region usu'g tl,e maximum likelihood 
metllOd applied for the Poisson distribution. In tl,e wire 
range from I to 54 we have recorded 1604 events 
at 1.9 GeV and in the corresponding norrnalized 
background spectra at 1.0 GeV we measured 
146 events. In the wire range from 41 to 54 we have 
recorded 1418 events at 1.9 GeV and 140 events at 
1.0 GeV. This gives a statistical error in the lifetime 
determination equal to 7 ps. 

The shape of the drop-off around tl,e shadow edge is 
predominantly caused by absorption of fission 
fragments in the target and by small-angle scanering 
of fission fragments in a window foil at the bonom of 
the experimental chamber. These effects were 
simulated assurning a Gauss distribution with oGauss as 
parameter. 11,e parameter was varied until the drop-off 
curve ( dashed line in Fig.1 ) fined the data points. The 
target defonnation was a parameter in our Iifetime 
calculations and it was assumed that the lower edge of 
the target was shilled up to 0.4 mm in the direction of 
the proton beam. 

The following contributions were included to the 
systematic error of tl,e lifetime: 
I . target deformation: 
2. different wire ranges: 
3. small angle scattering described by the 

Gauss distribution: 
4. tl,e error ofmeasured lengths and distances 

in the experimental set up (e.g. a target 
length, a distance from tl,e detectors to the 

2 ps, 
3 ps, 

5 ps, 

shadow edge etc. ) 6 ps, 
5. uncertainty in the recoil momentum distribution 
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and its modification caused by tl,e absorption 
in tl,e target: 8 ps, 

6. uncertainty where the eOSY protons hit 
tl,e target in vertical direction: 6 ps, 

7. four different cuts in the event selection 
during tbe track reconstruction for 1 CJ, 1.5 CJ, 

2 CJ and 3 CJ values for both horizontal 
direcHons: 2 PSI 

8. normalizing and shilling of spectra from 
different runs: I ps. 

Assuming independent contributions from different errors 
we get a total systematic error equal to 14 ps. 
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Fig.l. The experimental points shown for channels 54 ( the shadow 
region) were obtained by sublracting the normali zed background 
measu red at 1.0 GeV_ The fullline presents the result ofthe fit of delayed 
fission fragments for a hypemucleus Hfetime of 161 ps_ The dashed line 
is the distribution of prompt fission events mode lied taking into 
consideration absorption and scattering of fission fragments in thc target 
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(I] P.Kulessa et al., Phys. Let. B427 (1998) 403 

[2] K.Pysz et al., NIM..A12Q.(1998) 356 



Influence of the background shape on hypernucleus lifetime 
measured in the 1.9 GeV p + Bi reaction 

I.Zychor for the COSY-13 Collaboration 

Tbe background in Ibe eOSY-13 experimenls, using 
Ibe recoil shadow lechnique, is measurcd al 1.0 GeV 
proton energy. At Ibis energy hypemucleus produelion 
in reaclions induced on heavy targets is very smalI. 
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Fig.l Position distributions obtained in the lower MWPC for 
collisions of 1.0 GeV and 1.9 GeV protons with a Bi target. 
The abscissa is the distance (in I mm wide channels ) along 
the lower multiwire proportional charnber, parallel to the 
eosy beam dircclion. 

After normalizalion of Ibe 1.0 GeV spectrum 10 Ibe 
1.9 GeV spectrurn in Ibe plateau region ( for wire 
nurnbers > 70 ) Ibe background was subtracted from 
Ibe 1.9 GeV spectrum in the shadow region ( < 55 ). 
Tbe lifetime , of Ibe A hyperon was then obtained 
from a fit to Ibe nurnber of net events in Ibe sbadow 
region. lt was found to be equal to 

,= [ 161 ± 7 (slalist.) ± 14 (system.)] ps. 

Delails of the experimenls and lifelime calculalions are 
given in Ref. [1-3]. Spectra measured in the p + Bi 
reaction are shown in Fig. 1. 

To check the background influence Oll tlte calculaled 
lifetime Iwo shapes of background were assurned: a 
constaot background and a "slep background" in Ibe 
sbadow region (Fig. 2). 
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For Ibe "step background" Ibe nurnber of counts in Ibe 
fitted wire range was kept constaot and within the error 
bars equal to the measured nurnber of counls at 
1.0 GeV (after norrnalization). 

For calculalions with the conslant background the total 
nunlber of counts in the wire range from I to 54 was 
varied from 5.4 ( 0.1 count/wire ) up to 54 
( I count/wire ) events. The lifetime decreases with the 
increasing nurnber of subtracted background counts 
from 158 to 149 ps. 

For different sbapes of the "step background" ( in steps 
of 10 wires) we have got the lifetime values from 156 
to 161 ps. 

So, Ibe largest difference between lifetime values ob­
lained for different shapes of the included background 
is 12 ps, then it düfers less!han 7.5 % from the value 
obtained with normalized background subtracted wire 
bywire. 
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Fig.2. An example of the Ustep background" (solid Une) 
shown in the shadow region for wire numbers from 1 to 54 

[I] P.Kulessa et al., Phys. Let. B427 (1998) 403 

[2] K.Pysz et al., NIMM2Q.(1998) 356 
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First Results on Two - Kaon Production at MOMO 

F. Bellemann', A . Berg', J. Bisplinghoff', G .Bohlscheid ', J. Emst',F. Hinterberger' , R. Ibald' , 
R. Jahn', L. Jarczyk' , R. Joosten', A. Kozela', H. Machner, A. Magiera', R. Maschuw', 

T. Mayer-Kuckuk', G. Mertler' , J.Munkel', P. v. Neumann-Cosel', D. Rosendaal', P. v. Rossen, 
H. Schnitker', J. Smyrski', A. Strzalkowski', R. T TIe, and C. Wilkin ' 

The MOMO experiment focuses on near threshold 
meson production via the reactions pd 6 3He nt

1{' and pd 
6 'He K' K. It takes advantage of the high quality of 

the cooled extemal COSY beam and the existing 
spectrometer BIG KARL. The setup consists of a high 
granularity scintillating fibers meson detector near the 
target with a V 45 deg. opening angle, and the spectro­
meter, which is used for ' He-identification. The large 
solid angle and high resolution ofthis detection method 
will yield precision data on the low energy (T<80 
Me V) meson-meson interaction and probe into 
questions like meson-nucleon resonances and 
KK-molecule. 

The MOMO vertex detector consists of 672 scintillating 
!ibers (round, 2.5 mm diameter) arranged in three 
planes tilted 60 deg. versus each other. Each plane is 
subdivided into two identical modules. The !ibers are 
read out by 16-fold photomultipliers. The total 
effieieney was measured to be better than 99% for 
minimal iOlllzmg particles. The BIG KARL 
spectrometer is also fully operational. Its status is 
deseribed in detail elsewhere in this annual report. The 
MOMO scattering chamber houses the 4mm LD2 target 
as weil as a remotely steerable ladder for beam viewers 
and solid targets. The 5 mm thin AI front end of the 
ehamber faces the vertex detector on the outside and 
keeps straggling of the mesons at a small level. 

Until 1997, the MOMO eollaboration measured the pd 6 
3He rc +n- reaction at three different proton beam 
momenta (1060 MeV/e, 1150 MeV/c, 1200 MeV/c), 
eorresponding to 28 MeV, 70 MeV and 92 MeV center 
of m3SS energy above the reaction threshold. In total , 
some 30 000 kinematically eomplete ,,',,' - events were 
observed. The obtained two - pion invariant mass 
spectra showed a strong deviation from phase space at 
all three energies, whereas the 7t - )He missing mass 
spectra followed phase space. The pion angular 
distributions displayed a remarkable sidewise peaking 
(in the e.m.s.) ,nd a preferential back to back emission 
of the two pions. This behaviour can be weil described 
by calculations assuming a p-wave betwecn the two 
pions and 5 - waves in the 1t - 3He system. Several 
articles on theses results have been submitted for 
publication. 

In !Wo beam times in 1998 the MOMO - collaboration 
measured t\yo kaon production via the reaction pd 6 
' He K' K' at a beam momentum of 2.62 Ge V le (Q ~ 56 
MeV). In the first beam time (one week) data taking 
was severely limited by the then available beam 
intensity of 3 x J 07 protons per second and only same 

30 two kaon events were obtained. But at least the 
feasibility of this experiment with the MOMO setup was 
clearly demonstrated. The beam time in August (two 
weeks) was a major breakthrough for MOMO as weIl 
as for COSY. For the first time, an extraction rate larger 
than 60% was obtained at this high beam momentum. In 
addition, ncw beam line optics and various other 
improvements resulted in a bearn intensity of about 
1O'/s. The beam cycle was 12 s beam on and 8 s beam 
off. Furtherrnore, for the first time the bearn halo was 
negligible « 104

). The count rate of the newly 
implemented halo veto counter was only some 80 Kls. 
During the first five days the beam intensity was 
limited to about only 10'Is due to the neutron monitors 
next to our counting roarn. After implementation of an 
additional concrete block wall at the entrance of the 
BIG KARL area this problem disappeared so that we 
could use the maximal available beam intensity. 

The reaction pd 6 'He K' K' was measured at four 
largely overlapping BIG KARL momentum settings, so 
that the full phase space of the reaction was obtained. 
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The ' He partieles could be unambiguously identified by 
Fig. 1: K+ K' invariant mass spectrum from the reaction 



pd 6 'He K' K- at 56 MeV above reaction threshold 
plotted in units of K' K- relative energy, See text. 
time of flight and energy lass measurements. The two -
kaon hits on the vertex wall were uniquely identified by 
their hit pattems and energy lass. Good events must be 
caplanaT in respect to the total meson momentum axis, 
wh ich is defined by the beam and the 'He momenta, 
The newly implemented 16 - fold circular scintillator 
hodoseope behind the vertex deteetor enables good 
kaOJt identification and pion separation. In total , same 
1500 two kaon events were observed, The (still 
preliminary) results of our data analysis are displayed 
in the figures, 
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Fig 2: Angular distributions of the individual kaons in 
the c,m ,s, at 56 MeV above threshold, See text. 
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Fig,3 Distribution of the relative angles between the 
two kaoTl s in the c.m.s .. See text. 
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Fig.1 shows the obtained two kaon invariant mass 
spectrum, A c1ear signal of the phi meson is evident. 
Figure 2 and figure 3 show the kaon angular 
distributions, and figure 4 the kaon - helium invariant 
mass spectrum. In 311 figures, the dashed lines 
correspond to phase space. In contrast to Dur two pion 
data, no signifieant deviation from phase space can be 
observed, Data analysis is in good progress and furt her 
measurements ofthis reaction at different beam energies 
near threshold will be interesting. 
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Fig. 3: K- ' He invariant mass speetrum from the 
reaction pd 6 'He K' K' at 56 Me V above reaction 
threshold plotted in units of K - 'He relative energy, 
See text. 
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1.2 Experiments at External Facilities 
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Strong-interaction effects in the 2p states of antiprotonic hydrogen .nd deuterium 

D. Anagnostopoulos l , M. Augsburger2, G. BoreherI, C. Castelli3, D. Chatellard2, P. EI_Khoury4, J.-P. Egger2, H. Gorke, 

D. Gotta, P. Hauser5, P.Indelieat04, K. Kireh5, S. Lenz, N. Nelms3 ,K. Rashid6, O.W.B. Schult, Th. Siems, L.M. Simons5 

LEAR experiment PS207 used the high quality antiproton 
beam to investigate the characteristic X-radiation from anti­
protonic hydrogen and deuteriwn. In order to achieve suffi­
ciently high line yields the eycJotron trap was used to stop the 
antiproton beam in diJute hydrogen gas of 20 mbar pressure. 
The energy resolution neeessary to be sensitive to the hyper­
flne strueture in the 2p states was aehieved with a foeussing 
Bragg erystal speerometer [I]. 

The energy ealibration was obtained from fluoreseenee X­
rays and the speetrometer resolution was determined with the 
narrow p ' He and p'''Ne lines, whieh are not affeeted by the 

strong interaction [2,3] . To measure the La transition from 
p H with high statisties, the crystal speetrometer was set up as 

a twin system, where Ihree sphericaUy bent quartz erystals 
(arm I, arm IJ top and bottom) were instaUed. Eaeh erystal 
reflected X-rays to its own CCD deteetor. 

To eompare the theoretieal predietions with the experi­
mental results (Figure I) , tI,e line shape was eonstrueted for 
caeh model by folding the Lorentzian line shape of the 2p 
hyperflne components with the experimental resolution. The 
energy differenees of the sublevels were fixed aeeording to 
tI,e pure eleetromagnetic (QED) and the predicted hadronie 
shills. A statistical population of the byperfme levels was 
assumed. In a x.' analysis for the various predietions, the total 
intensity and the height of the (ahnost negligible) background 
were ffee parameters. 
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Figure 1: Top - La transition from p H, measured with oße 

crystal-detector pair. The high energy tail was identified to be 
the 2'Po state. The Ihree close-Iying states 2'P" 2'P" and 2'P, 
were not resolved. Bottom - Laline shape from pD. 

Taking into account only the byperfme splitting from 
QED, a bad description ofthe line shape was obtained as was 
the case for a model predicting strongly bound states close to 
Ihreshold. Best agreement betwee" theory and experiment 
was obtained for U,e models based on meson exchange to 
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construct the real part of the antiproton-proton potential and 
adding a strong phenomenolgical annillilation potential (,,00-
ver-Richard potential" [4)). 
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Fig. 2: Camparisan of the measured La !ine shape of pH 

with theoretical predictiollS. 

For pD, the measured line shape could not be described 

when the 2p hyperfme splittings were used as predicted by 
[5,6) (Fig.1 - holtom: skewed line shape). This provoqued a 
recalculation of the QED levels both for p H and pD [7), the 

results of which deviate signifieantly from the earlier approa­
ches [5,8) especially for U,e deuterium case. Tbe new calcu­
lation yielded much smaller QED splittings, which is consi­
stent with experiment, where no substructure was observed 
(Fig. I - bottam: one line Lorentzian flt) . 
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Preparations for the ATRAP Experiment: 
Production and Spectroscopy of trapped Anti-Hydrogen 

J. Bojowald, W. Erven., D. Grzonka, H. Hadamek, M. Hofmann , M. Köhler., R. Nellen, 
W. Oelert, G. Schepers, T. Sefzick, K. ZwoW. 

for the ATRAP collaboration (AD-2) at ADjCERN 

The "ATRAP" (Anti-Hydrogen TRAP) experiment 
at the new Antiproton-Decelerator "AD" at CERN 
will be carried out by an international collaboration. 
First measurements are scheduled for late spring 
1999. The motivation for the experiments is the 
chance to perform a model independent test of CPT 
invariance when comparing the spectroscopy of hy­
drogen (HO) and anti-hydrogen (HO). For this aim 
HO atoms should be produced in a combined p and 
e+ trap arrangement. The trap will be placed in the 
center of a superconducting magnet. For the evidence 
of trapped HO as welJ as for optimizing the experi­
mental parameters for the magnetic fields a detection 
system is essential whieh will make use of the anni­
hilation products emitted, in case HO gets in contact 
to normal matter as of the trap walls er residual gas. 
A detailed concept of the detection system within 
the experimental set-up was designed and first test 
measurements were performed. It consists of Si-Jl­
strip deteetors and scintillating fibers surrounding 
the trap which allows for an annihilation vertex re­
construction. Investigations - concerning the choice 
of individual components - have been completed and 
lead to the following results: 

1. Scintillating fibers 
The fiber material BICRON BCF-12 has been 
chosen with diameters of 1.5 mm to 2.5 mm. The 
fibers will be mounted onto a very thin plastic 
support , where pre-shaped grooves will define 
the exact position. 

2. Photomultiplier 
Tests of the 16-fold photomultiplier Hamamatsu 
H6568 concerning gain, dark current, single elec­
tron signal amplitude I and cross talk showed ex­
peeted and satisfactory results. For large veto­
deteetors around the magnet the photomultipli­
ers Hamamatsu R-2238 were selected because of 
their high efficiency in the environment of the 
magnetic field . 

3. Silicon detectors 
Both the detailed construction and the choiee 
of the supplier for these detectors will be done 
in 1999. Tests of rat her large silicon pad coun­
ters with respect to the deteetor performance at 
low temperatures and high magnetic fields have 
been earried out and demonstrated that the de­
tee tor conditions are negligibly inftuenced down 
to temperatures of 20 K and magnetic fields up 
to 8 T . A test of Si-Jl-strip detectors at equiva­
lent eonditions is in preparation. 
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Figure 1: Overall experimental set-up of the 
ATRAP arrangement. The trap in the centre 
of the magnet will be surrounded by scintil­
lating fibers and Si-Jl-strip detectors. 

4. Eleetronics and data acquisition 
The numerous detector channels require a high 
intergrated data acquisition system . Directly be­
hind the photomultipliers integrated preampli­
fier stage wilJ be placed. For further signal pro­
cessing discriminators and digital RAL111 chips 
will be used wh ich will be read out via CAMAC 
and PC based front end computers. For the 
read-out of the silicon-I'-strip detectors a highly 
integrated system will be developed based on 
VA-1 chips. 
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The possibility of detecting Anti-Hydrogen 
in the Phase-One Apparatus of ATRAP 

D. Grzonka, H. Hadamek, M. Hofmann, W. Oelert, G. Schepers, T. Sefzick, S. Sewerin 
for the ATRAP collaboration (AD-2) at ADjCERN 

Though a magnet with a larger bore is under 
construction, in the start-up phase of the ATRAP 
experiment [1] the eollaboration will use an existing 
supereonducting magnet wh ich has a bore of only 10 
cm diameter. This isjust enough space to install one 
cylindrieal fiber hodoscope consisting of three layers 
of scintillating fibers. With this arrangement we will 
not be able to i) perform a track reconstruction and 
therefore adetermination of the annihilation vertex 
is excluded and ii) to identify eventually produced 
anti-hydrigen atoms which needs the measurement 
of two back to back 511 keV -y's resulting from the 
positron annihilation with an electron . Presently a 
reduction of the trap dimensions is under discussion 
to allow an insertion of an additional layer of BGO 
crystals placed between the trap for anti-hydrogen 
and the scintillating fiber hodoscope, as indicated in 
Fig.1. 

Figure 1: Schematic view of the phase-one 
ATRAP apparatus. 

For this geometry Monte Carlo ca!culations were per­
formed for several segmentations of the BGO ring. 
Signals due to charged pions from the proton - an­
tiproton annihilation can be weil distinguished from 
the 511 keV -y's sinee mostly the energy deposit from 
the pions is much larger. Further it has been checked 
that the straggling of the pions in the BGO material 
is sufficiantly sm all and the fibers behind the BGO 
segments can provide a veto signal for the crystals . 
The anti-hydrogen trigger in the ca!culations was 
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based on the following conditions: 

1. two signals in opposite BGO segments 

2. the signals in the BGO cr)'stals should be in an 
energy range of 500 ke V to 520 ke V 

3. no signals from the fibers behind these BGO seg­
ment 

4. at least two signals in the fibers are consistent 
with the energy lass of charged pions 

For the case of an eight-fold segmented BGO ring 
(see Fig. 1) from 11.000simulated events about 3.600 
events are left which are consistent with the 511 keV 
signal after background subtraction, see Fig. 2. 
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Figure 2: Energy lasses of ,'eaction products 
from hydrogen - anti-hydrogen annihilation in 
the BGO crystals, left side 
,'ate when using the anti-hydrogen trigger 
conditions 1., 3, and 4" right side 

Finally, 355 anti-hydrogen triggers were accepted 
when using the above listed conditions 1., 3., and 
4. with a background rate of 25 events. 
When increasing the segmentation of the BGO ring 
to 16 crystals the Monte Carlo ca!culations indieate 
au increase of the acceptance by about a facter of 
two. A further increase of the granulation of the BGO 
ring does not increase the acceptance significantly 
due to the limited size of the BGO elements. 
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Light losses and performance of scintillating fibers 
by interrupted light guides 

U.Seddikl for the ATRAP Collaboration(AD-2) at AD/CERN 
lNRC, Atomic Energy Authority, P.O. 13759, Cairo, Egypt 

An array of three coaxial cylinders of scintillating 
fibers is part of the ver tex detector which will 
be used for the detection of anti hydrogen via 
the antiproton annihilation inside the trap of 
the ATRP(AD-2) experiment [I] at the new 
Antiproton Decelerator (AD) at CERN. The 
purpose of this vertex detector is: 
a) the partieIes identification and 
b) to determine the ver tex of the annihilation in 
order to optimise the trap parameters. 

The vertex detector will be located in vac­
uum since it should operate at low temperature. 
Therefore, the scintillator light which passes 
through the fibers may cross a gap for technieal 
reaSans. 
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Figure I: Schematic drawing of the used appara­
tus. 

The effect of such a gap is investigated here by 
using an 24 1 Am activated fiber (AF) whieh is 
mounted in the front of a 5 cm long fiber light 
guide (FLG) through a hole in a dark plastic sup­
port. A photomultiplier tube (PMT) is coupled to 
the FLG with silicon oil. The distance between AF 
and FLG (the gap) was measured using a calliper 
with an accuracy up to 0.01 mrn, where the AF 
was fixed on the movable part of the ca!liper. The 
whole apparatus is kept in darkness inside a tightly 
closed large box , see fig .1. 
Up to a gap width of about 1.5 mm within the ex­
perimental errors DO intensity lasses are observed. 
A further increase of the gap width results in a 
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Figure 2: A plot of the gaussian mean values of 
ihe a peak versus the gap widths (mm) 
for a scintillation fiber with a diameter 
of 2.2 mrn at room temperature. 

steady decrease of the intensity. The light emitted 
from the activated fibre can be considered as a light 
cone with a certain opening angle and homogenious 
intensity. In a simple model with increasing gap 
width only apart of this cone is covered by the 
FLG, i.e. the intensity decreases proportional to 
the ratio of the FLG area to the light cone area. A 
relation like: {/ {o = (I + e(x - xO))-2 with the 
constant e and x denoting the gap width with the 
offset Xo is expected which is consistent with the 
observed behaviour. The liDe in fig. 2 is a fit to the 
dat~ starting at Xo = 1.85. 
In conclusioD, the gap distance should not exceed 
1.0 mrn to avoid large light losses and therefore to 
get a high detection efficiency. 
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The Structure üf the Rüper Resünance 

H. P. Morsch and P. Zupranski: 

Data on the N*(I440 MeV) resonanee exeitation in Cl'-p essary to deseribe the real rr-N amplitudes. A good fit of 
scattering were reanalysed assuming projectile and tar- the resonance observed in a-p scattering is obtained (see 
get excitation and their interferenee. Assuming thresh- fig.I) using values of M and r of about 1380 MeV and 
old modified Breit-Wigner shapes with momentum de- 200 MeV, respeetively. The small resonanee energy and 
pendent widths, a quantitative description cf the spec- width is not consistent with the Roper resonance seen in 
trum is obtained. However, the resonance parameters 1i-N scattering which has a higher centroid and a much 
dedueed do not deseribe the resonanee seen in rr-N seat- larger width. 
tering. A eonsistent deseription of the data on Cl'-p and 
1i-N can be achieved only assuming two structure in this 
resonance, with oniy the lower one excited in er-po The 
nature cf the second structure is discussed . 25000 .,----------------, 

The first N" resonanee (Roper resonanee) at about 1440 
Me V is in many respect a very interesting resonance. A 
weIl established Pll resonanee has been dedueed from 
phase shift analyses ' of elastie ".-N scattering. Its mass 
distribution is quite different from a Breit-Wigner form 
and has an unusually large width. The Pll resonanee 
is dominant in the elastic 1r-N channel; the inelasticities 
into 21r(s)-N (2". eoupled to isospin=O) and "'-ß, studied 
in the 1r-N~ 7f1iN reaction2 , are in tbe order of 10-20 %. 

More recently, a resonance at this mass has been 
observed3 in et-p seattering. The excitation of this 
N*(I/2,I/2)+ resonanee with et-particles eorresponds to 
a monopole excitation (L=O) which exhausts a large frac­
tion of the energy weighted operator surn rule4 ; there­
fore, it has been interpreted as a compression or breath­
ing mode of the nucleon , from wh ich the nucleon com­
pressibility has been dedueed. 

Theoretieally, a W{l/2,1/2)+ at low excitation energy 
is of particular interest. In the eonstituent quark model 
such a resonance corre5ponds to a 1s.,.25 quark excita­
tion whieh should lie at an exeitation energy of about 
1 Ge V. However, in Skyrrnion models this resonance is 
much lower in excitation energy, in the order of 400-500 
MeV. 

We ealculated energy loss speetra for Cl'-p--+ et'+X, us­
ing the Monte-Carlo method and fitting the N" mass 
distribution. We assumed two eontributions in the spee­
trum, (1) the exeitation of the N" in the proton and (2) 
ß-exeitation in the projectile (which deeays by eoher­
ent pion emission). The importance of the interference 
of these contributions has been pointed out in ref.5 and 
has been included in our calculations. Other reaction 
graphs have been estimated5 to be almost two orders of 
magnitude smalier and have therefore been neglected . 

To obtain a consistent description of the resonance forms 
for Q'-p scattcring and the 1r-N system we used a 1 or 27f­
threshold modified Breit-Wigner shape with momentum 
dependent width, further a small background term nee-
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Figure 1: Missing cnergy spectrum of Q'-p scattering 
from ref.3 (with instrumental background subtraeted) in 
comparison with our calculations 

The above resuIts suggest that the struetures observed 
in the different systems are not identieal. The seattering 
of Q··particles is very selective, exciting only isoscalar, 
non-spin-flip structures. Differently, 7f-N scattering is a 
resonant reaction whieh shows very little selectivity. In­
deed, in this system the decay of the Roper resonance 
into 1Iß is quite strong at higher mass, which may indi­
cate a coupling to a double ß excitation, ßc. , a structure 
whieh should not be observed in Cl'-p seattering. 

The different results may be reconciled in a two­
resonance picture assuming that in a-p scattering only 
the lower resonance is excited. Because of its strong ex­
eitation in Cl'-p this should have a strong deeay into the 
2rr(s)-N channel. 



Using the above resonance forms, a good description of as the constituent quark model, a double 8 excitation of 
the rr-N data is obt.ined. The different observables (am- this form is not possible. However, it is weil supported 
plitudes, speed, total and partial cross seetions) fix quite in dynamicalor eollective models. 
unambiguously the threshold cut-offs, the momentum 
dependence and the resonance parameters. A quanti- The p!esent results can be tested in exclusive O'-p scat­

tering which should exhibit a N* decay branching ratio 
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Figure 2: Total Pu 1i-N cross sections and speed 

tative description of the various ol;>servables is obtained. 
For the total rr-N cross section and the speed, deriva­
tive of the scattering amplitudes T with respect to the 
mass IdT/dWJ, this is shown in fig.2 . The dashed line 
in the upper part corresponds to the shape of the first 
resonance seen in a--p scattering. 

The second resonance is seen almost entirely in the de­
cay of the Roper resonanee into the r,!:J. channel. This 
suggests an interpretation in terms of a 8.6, structure 
(Ll excitation of the Ll) . For such a double !:J. excita­
tion, there are certain constraints on the mass and width 
which have to be fulfilled . The mass difference between 
Ll" and Ll should be about tbe same as between !:J. and 
nudeon; further , the Ll width should be fold ed over the 
Ll decay width. This gives: 

MA~-MN 2 d rA~ 2 
A'h - MN ~ an r" > . (1) 

Prom the resonance parameters extracted for the second 
resonance we obtain 

d r (2.",) - 3 1-'- 0 '30 an rt:. - . - , . 

This is in agreement with the above requirements (1) 
and shows that this structure may be weil understood 
by a !:J. A mode, supporting the import.nee of the spin­
isospin degree of freedorn in baryons. In a static picture, 

quite different from ,,-N. 

lSoltan Institut for Nudear Studies, Pl-00681 Warsaw, 
Poland 
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Study of shape coexistence in nuclei around '42Gd with EUROßALL 

R.M. Lieder. T. RU'I'a-Urban', H. Brands, W. Gast, H.M. Jäger, L. Mihaileseu, Z. Pytel', 
W. Urban', D. B32zaeeo2, G. Faleoni2, R. Meneg32z02, S. Lunardi2, C. Rossi-Alvarez2, 

G. de Angelis3, E. Farnea3, A. Gadea3. D.R. Napoli3, Z. Podolyak3 

Extensive studies of high-spin rotalional bands in the 
mass regions with A '" 130 and A '" 150 have shown Ibe 
existenee of highly-deformed bands (ß2 '" 0.35) in the 
former and superdeformed bands (ß2 '" 0.50) in the latter 
region. 11,e nueleus '42Gd lies in the intermediate region 
and no bands built on states of large quadrupole defor­
mation are known in this nueleus, from whieh one eould 
leam how the transition between these two regions takes 
plaee. 11,eoretieal ealeulations for 142Gd in the frame­
work of the eranked Woods-Saxon-StrutinsI..-y approach 
predict a eoexistenee of superdeformed (ß2 = 0.49) 
and highly-deformed (ß2 = 0.27) shapes. Furthermore, 
oblate shapes (ß2 = 0.15) are predieted. Previous knowl­
edge on the level seheme of 142Gd results from invesliga­
lions of Starzecki et al. [I) and Sugawara et al. [2). 

A study of high-spin states in nuclei around '42Gd 
has been carried out with the 1'-deteetor array EU­
ROBALL lll. A 99Ru target (enriehment 95%) consist­
ing of four self-supporting metal foils wiuI a total thiek­
ness ofO.84 mg/cm2 was bombarded with a 4·Ti beam of 
240 MeV produced by the XTU tandem -linear aeeeler­
ator (ALPI) combination of the Laboratori N32ionali di 
Legnaro, Italy. 111e reeoil velocity was vlc = 3.38%. 
In this reaetion 142Gd is populated with a maximum 
cross seetion through the 2p3n channel but neighbour­
ing Th, Gd, Eu and Sm nuclei are also populated very 
strongly. In order to allow for an isotopie separation and 
to inerease thus the seleetivity of EUROBALL 111 the 
charged-parliele deteetor array ISIS, eonsisting of 40 Si­
deteetor teleseopes, has been mounted in the center of the 
1'-deteetor array. Events were reeorded when either 2: 7 
unsuppressed Ge deteetors or 2: 6 unsuppressed Ge de­
teetors and ISIS fired. 11,e total trigger rate was 12000 
events!s for a beam euerent of 6 particle-nA. Approxi­
mately 4.5 . 109 high-fold 1'-events have been colleeted, 
'" 60% of whieh are associated with one or more deteeted 
parlieles. On average", 4.5 ,-rays have been observed 
in an event after Compton suppression. 

In the analysis of the data set a full as weil as one- and 
two-proton-gated 1'-,-1' eubes have been sorted. It is pos­
sible to expand considerably the level schelOes of '40Eu, 
14oGd, '42Gd and '4sn,. Furthermore, the level seheme 
of , 42Th ean be established, the high-spin states of whieh 
are eompletely unknown. A preliminary level seheme of 
142Gd is shown in fig. 1. It has been eonsiderably ex­
tended in excitation energy, spin and the number of ob­
served easeades. 11,e previously known [2)three dipole 
bands in '42Gd have been extended and a fourth one has 
been found. 111e order of the transitions deviates in the 
present work from that proposed previously [2). A dipole 
band with an irregular level spacing has also been ob­
served in '«Gd [3) . It has been interpreted as an oblate 
rotalional dipole band with a Vh'}/2 ® ("hL/2)K~'0+ 
configuralion for the lowest band members. 11le ieregular 
level spaeings result from additional particle-hole excita-

61 

lions whieh inerease the alignmenl. Following the pro­
posa! ofFrauendorf [4) these bands represent the rotation 
of a magnelie dipole. Regular bands of this type have first 
been oberved in nuclei around 200Pb. 
11'e long stretehed E2 easeade labelIed (+,Oh in fig. 
I, extending to l' = 34+, is a candidate for a highly­
defonned band. In order to determine its eharaeter, the to­
tal aligned angular momentum I. has been plotted in fig. 
2 as funelion of the rotalional frequeney hw. For eom­
parison the triaxial band in '''Gd of "h~'/2vhlt'/2vh9/2 
eonfiguralionat low spins (ß2 = 0.20,1' = -18')[3) and 
the highly-deformed bands involving vi'3/2 configura­
tions in '39Gd (ß2 '" 0.35) [5, 6) and '4lGd (ß2 = 0.29, 
, = 20') [7) are included. 111e (+,0), sequenee in 
142Gd behaves similarly to that in '«Gd but quite dif­
ferent from the bands in '39,'4IGd. Henee, it must be 
eoncluded thatthe (+, 0h sequenee eoeresponds to a tri­
axial nuclear shape and notto a highly-deformed shape. 
111e analysis, especially the search for bands of large de­
formation, is eontinued for the ßuelei around 142Gd. 

40.---,----r--~----~--_r--~_, 

30 

10 

,-+14lGd 
........ 142Gd 
0·· .. ·0 141Gd 
6---ü139Gd 

Figure 2: Total aligned angular momentum vs. rotational 
frequeney for the (+ , 0)1 easeade in 142Gd,the 
triaxial band in I"Gd and the highly-deformed 
bands in 139,14IGd. 
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Figure I: Partial level scheme of 14'Gd. 
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Experimental Study of the Inßuenee of Crystal Orientation on Ge Deteetor Pulse Sh.pes 

H. Brands, L. Mihailescu, W. Gast, R.M. Lieder, H.M. Jäger and MJ. Rossewij 

In the framework of the 1MR project:"The Development 
of ,-ray tracking Detectors for 4,,- ,-ray arrays" the in­
ftuence of the anisotropy of the charge carrier drift ve­
loeity in different erystallographie direetions on the pulse 
shapes of Ge detectors has been investigated. For the de­
velopment of a ,-traeking deteetor the pulse shape ehar­
acterizes the radius where the 'Y·ray interacted. 
The orientation of the Ge crystal inside the semihexag­
onal deteetor capsule has been determined by means of 
neutron scattering. The Neutron Reflectometcr HADAS 
installed at the FRJ-2 Research Reactor has been used. 
11,e (220) erystallographie direction was determined for 
an angle of 0 = 900 bctween the neutron beamline and 
the neutron detector direction and a neutron wave length 
of.\ = 2.82SA. The (001) direetion is found to be almost 
parallel to the eylinder axis of the deteetor. A deviation 
of (1.6 ± 0.1)' was found. 
The aim of the experiment has been to extract the pulse 

Figure 1: Experiment with 22Na Source 

Figure 2: Setup with 241 Am Source 

lengths from the differentiated preamplifier signals (eur­
rent signals) as function of the radius and the azimuthai 
angle in steps of 15 degrees. This information is equiva­
tent to the charge collection time if the parameter time-ta 
pulse-end is analysed. The experimental setups are re­
ftected in the block digrams of Fig.1 and Fig.2 respec­
tively. In the first experiment a I" NAJ seintillator has 
been plaeed in front of an eneapsulated, semihexagonal, 
closed-end n-type Ge detector. Both detectors were irra­
diated by the 511 keV annihilation radiation of a coHi­
mated 22Na source. Pulse shapes from the Ge detector 
were recorded using a digital oscilloscope with a sam­
pling rate of up to I Gsps/s and 8 bit resolution . An 
extern aI trigger signal was provided by the coincidence 
circuit when both detectors registered a 511 ke V "(-ray at 
the same time. Since it is of interest to investigate also the 
pulse shapes of ,-rays interacting in the first millimeters 
of the Ge deteetor volume, the front face and thecylindri­
cal part at the rear end of the Ge-detector were irradiated 
by 60 keV ,-rays of a coHirnated 241 Am source. The ex­
ternal trigger signal was generated by setting a window 
on the 60 keV line. 

63 

The parameters characterizing the pulse shapes 
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Figure 3: Average Time-to-Pulse-End obtained with22Na 
at r = 25nun 
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Figure 4: Time-to-Maximum Values measured with 
241 Am at different radii 

(e.g. time-to-maximum, time-to-steepest-slope or time­
to-pulse-end) were extracted by analysing the current sig­
nals of the prearnplifier. In Fig.3 the polar plot ofthe aver­
age time-to-pulse-end as obtained with the 22Na source is 
shown. The time-to-maximum values for different radial 
positions measured with 241 Am are plotted in FigA. The 
inftuence of the crystal orientation on the pulse shapes is 
evident in both diagrams. The largest times correspond 
to the crystallographie direction (110) while the shortest 
times belong to the direetion (100). Quantitatively there 
is a time-to-maximum differenee of 20ns ("" 10%) ob­
served in FigA moving from the (100) to the (110) di­
rection. Moreover FigA indicates different pulse shapes 
between the front- and the rear- (caaxial) regions of the 
detector. 1lIe time-ta-maximum values differ approxi­
mately 50ns ("" 25%) . 
For the development of a l-tracking detector based on 
semihexagonal Ge detectors the different regions of the 
crystal can e.g. be separated by segmentation ofthe outer 
and inner contacts to improve the radial position reso­
lution. An azimuthai segmentatioll of the outer contact 
should be in multiples offourto consider the erystal sym­
metry. A segrnentation of the inner contact separates the 
front part from the coaxial-like part. 



Estimation of the Anisotropy of the Drift Velocity for the Development of Ge '(-Ray Tracking Deteetors 

L. Mihaileseu, H. Brands, W. Gast, H.M. Jäger, R.M. Lieder, MJ. RosselVij 

The development of i ray lracking detectors opened new 
problems in the design of these deteetors and in the elee­
tronies for the read-out. By a shape analysis of the detee­
tor signals. new infonnation can be obtained such as the 
position the r ray hits the deteetor. For the proeessing of 
these pulse shapes it is essential to know the mobilities of 
the charge carriers in each particular position inside the 
deteetor. In this respeet, the anisotropy of the eonduetiv­
ity in Ge plays an important role. 
Due to the band strueture, in HPGe, similarly to any eubie 
semiconductor, the conductivity of the charge carriers at 
high electric fields and at low temperature is anisotropie. 
As a eonsequenee of this anisotropy, the drift velocity of 
the charge carriers has different values for different ori­
entations of the applied eleetrie field lVith respeet to the 
erystaJlographie axes. At the same time, the direetion of 
the drift velocity lViII have an angle 4> # 0 lVith the ap­
plied eleetrie field, ifthe electrie field is not along a erys­
tallographic rotation axis. 
Sinee the drift velocity does not have a simple analytieal 
form lVith respeet to the electrie field and the tempera­
ture, lVe foJlolVed a phenomenologieal approach [2] to 
ealeulate these dependencies using the experimental data 
of the eleetrons drift velocity at a temperature of 78 K, 
for the (100) and (I I I) direetions [3], and taking into ae­
count the expressions for the drift velocity of Reik and 
Risken [I]. In the present ealeulations, the dependence 
of the eleetron drift velocity on the applied eleetrie field 
is taken in the following form: 

n· (~·E )-1/2 
Vd = A(IEI) I.: . .. 0 

i n EOiiEo 
(I) 

where ;i is (he effective mass tensor for the i-th con­
duelion band, n, In is the ratio of the carriers in the i-th 
band, A is a parameter which depends on the argument 
of the eleetrie field veetor. The present phenomenolog­
ieal approach avoids the need to know the eomplex de­
pendencies ofthe scattering mechanism which influences 
Ihe population of the eonduetion bands by estimating this 
population from the experimental data of the drift veloe­
ity taken as a funetion of electrie field for a fixed tempera­
ture. For an experimental detennination of the amplitude 
of the repopulation, deviation from the uniform distribu­
tion value of the population is considered to vary with the 
clectric field strength as: 

--..:. = n(IEI) " - ~ +~(2) 
n · [(E~.E)-'/2 n] n 
n r;,(Eo,,(,Eo) 1 /2 n n 

Since il does not exist any repopulation of the conduction 
bands if the eleetrie field is equivalently oriented with re­
speet to all the (1 I J) direetions, an eleetrie field applied 
along the (100) direetion assures the terms n;/n to be 
all equal. at any eleelric field strength. Therefore, us­
ing the experimental drift velocily in ( 100) direction. the 
valueof Ihe parameter A ean be determined using eq. (I). 
Furthermore, the amplitude of the repopulation effeet ean 
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be approxim.ted from the experimental data of the drift 
velocity taken with the eleetrie fie ld along the (J 1 I) di­
reetion, by detennining the parameter n frorn eq. (2). 
Knowing vd(E), the eleetrie field values are obtained by 
calculating the numerical salut ions of the Poisson' 5 equa­
lion inside the detector. The experimental drin velocity 
dependencies on the applied eleetrie field for the (100) 
and (111) direetions, as weil as the eaJculated drift veloc­
ity values for an applied electrie field in the (I 10) direc­
lion in the range of tim detector field are representcd in 
fig. I. The simul.ted pulse shapes in a closed end detee-

I"';·, 

.... :-:::: .. ~~~;: 

.... , • • .... ..... •• ' '' '' N ., . "".,' 
E ~·-1 

Figure 1: Experimental eurves for the ( I I I) and (100) 
direetions; calculated eurve for (110) 

tor considering photoelcctric hits at the detector surface, 
for different intemetion radii, at 0' «IOD) for the coaxial 
region) and 45° azimuthaJ angles, are shown in fig. 2. 

31", .. " 

A B 

._ 31 45" 

_ 31 0" 

Figure 2: Simulated pulses. left: hits in the front part of 
the detector; right: hits in the coaxial region. 

The presented method to earry out 3D simulations of the 
charge carrier trajectories offers a tool for simulating re­
alistic pulse shapes for Gedctcctors in various designs. In 
this way, the drift velocity anisolToPY can be correctly es­
timated in future developments of Ge deteetors and pulse 
shape analysis methods for ,-ray tracking. 
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Semi-indusive Pion Production and the dju Ratio 

W. Melnitchouk, J . Speth and A. W. Thomas' 

The dju ratio contains important information about 
t he flavor s tructure of t he proton. In particular, 
its asymptotic behavior at large x can tell us 
which mechanisrn is responsible for the breaking of 
SU(2),pin x SU(2)fl",o, symmetry. Given that there 
are firm predictions for t his behavior, it constitutes 
a serious test of perturbative QCD [1] . 
So far, a direct measurement of the dju ratio has 
been rather difficult, m ainly because the cross sec­
tions decrease rapidly in the extreme kinematics near 
x ~ 1. Previous analyses have used inclusive deep­
inelastic scattering data on proton and deuteron tar­
gets to obtain the neutron to proton structure func­
tion ratio , from which dju can be extraeted at large 
x. However, the neutron structure function is ob­
t ained from data on the deuteron, which suffer from 
the fact that nudear effects, even in the deuteron, 
become quite significant a t large x [2J . In particu­
Jarl whether one corrects for Fermi motion only, cr 
in addition for binding and nucleon off-shell effeets, 
the extracted neutron structure fun ctions for x < 0.7 
can differ rather dramatically [2]. 
In order to avoid the problem of the uncertainty in 
the extraction procedure introduced by nuclear ef­
feets, we explore the feasibility of directly extracting 
the large-x valenee dju ratio through a measurement 
of pions in the current fragmentation region of semi­
indusive deep-inelastic scattering from protons. In 
the parton model the number of pions in a given x 
and z bin can be written as a product of a quark 
distribution function, qh(x), in the hadron h, and a 
fragmentation function giving the probabili ty of the 
scattered quark q producing a pion: 

NI: ~ 2: e: qh(x) D;(z). (1) 
q 

Taking the ratio of the ,,- to rr+ proton cross sec­
tions R' = N'- jN'+ one finds' I pp' . 

R'(x, z) = 
4D(z)jD(z) + d(x)jll(x) 

4 + d( x)ju(x) . D(z)jD(z) 
(2) 

where D(z) == D~+ = D. is the leading fragmen­

tation function , and D(z) == D;;+ = D~- is t he non­
leading fragmentation function. The fragm entation 
functions D and D have been measured by the EMC 
[3]. In the limit z -t 1, the leading fr agmentation 
function dominates, D(z) » D( z), in which case t he 
ra tio R' -t {lj4)djll, although the point z = 1 can­
not be reached experimentally. 
In the realistic case of sm aller z, the DjD term in 
Eq .(2) will contaminate the yield of fast pions origi­
nating from struck primary quarks, diluting the cross 
seetion with pions produced from secondar)' fr ag­
mentation picking up qij pairs from the vacuum . Nev­
ertheless, olle can estim ate the yields of pions using 
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Figure 1: Ratio R' as function of x, integrated over 
z between 0.3 < z < l and 0.5 < z < 1. The 
dashed line represents the ratio constructed from the 
CTEQ4 parameterization , while the solid includes 
the modified d distribut ion according to Ref.[4] and 
pQCD. 

the empirieal fragmentation functions [3]. Integrat­
ing the differential cross section Qver a range of z, 
as is more practical experimentally, the resulting ra­
tios for cuts of z > 0.3 and z > 0.5 are shown in 
Fig. 1. One sees that deereasing t he lower limit for 
z has the effeet of raising the cross section ratio sig­
nificantly, because of the larger integrated contribu­
tion from the non-Ieading fr agmentation , which is 
more important at sm aller z. Although the relative 
difference between the ratios for the two form s of 
asymptotic dju behavior then becomes sm aller , the 
absolute difference between these remains relativei)' 
constant , and should be measurable with the high 
lum inosities available a t current facilities. 
In summary, we reiterate the importance of an accu­
rate experimental determin ation of the behavior of 
the valence djll ratio as x -t 1. Not on I)' are the 
present fits to world dat a in c1ear dis agreement with 
the predietions of perturbative QCD (unlike the re­
analysis of Ref.[2]), but the discrepancy is extremei)' 
important when it comes to estimating event rates 
for eharged current events at the large values of x 
and Q2 aceessible at HERA . 
• Department of Physics and Mathematical Physics, 
and SRCSSM, University of Adelaide, Australia. 
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Dynamies of Light Antiquarks in the Proton 

W. Melnilchouk, J. Speth and A. W. Thomas" 

The recent Drell-Yan experiment by the E866/NuSea 
Collaboration at Fermilab [1], in which 1'+1'- Drell­
Yan pairs were detected in pp and pD collisions, pro­
vides the best information yet on the x-dependence 
of the J/ü ratio in the proton. 
In the parton model, the Drell-Yan cross section is 
proportional to: 

uPh 
(X ~e~ (qP(xd ijh(X2) + ijP(xd qh(X2)) (1) 

q 

where h = p or D, and x, and X2 are the light­
cone moment um fractions carried by partons in the 
projectile and target hadron, respectively. Assuming 
that the deuteron is composed of two bound nu­
c1eons, and utilizing isospin symmetry, in the limit 
x, » X2 the ratio of the deuteron to proton cross 
sections can be written: 

2uPP 
! (1 + J(X2)) 
2 Ü(X2) 

4 + d(xd/u(xd (2) x 
4 + d(x,)/u(x,). d(X2)/"("2) 

so that the ratio would be unity if J = Ü. The rel­
atively large asymmetry found in these experiments 
(see Fig.l) implies the presence ofnon-trivial dynam­
ies in the proton sea whieh does not have a pertur­
bative QCD origin . 
From the symmetry properties of QCD, IVe know 
that one source of non-perturbative quark-antiquark 
pairs is the pion eloud associated with dynamical chi­
ral symmetry breaking. One can model the effects of 
the pion eloud by hypothesising that the physical nu­
clean state can be expanded in aseries involving bare 
nudeon and two-partic1e, meson- baryon states. The 
relative probabilities of finding the meson- baryon 
Ructuation in the nueleon are determined by the 
strengths of the meson-baryon-nucleon ver tex func­
tions, parameterised by a smooth form factor with a 
cut-off mass parameter A. In practice, the most im­
portant fluctuations are those involving TIN and 1iD. 
states . 
Our analysis suggests that a quantitative description 
of the entire region of " covered in the experiment 
requires a delicate balance between several compet­
ing mechanisms. The best fit , within the pion c10ud 
framework , to the data on both the sum and differ­
ence of ü and J at largo x accounts for around half 
of the integrated asymmetry, leaving room for pos­
sible other I non-pionic , mechanisms to provide the 
missing strength at sm aller x. 
Aside from the Ravor-asymmetric r.N and Tri:; com­
ponents of the nucleon, there is no a pri01'i reason 
why the 'bare' (non- pion-dressed) nucJeon state it.self 
cannot have an intrinsic asymmetrie sea associated 
with it. In fact , this is aetually what is expected from 
the Pauli excJusion principle, as anticipated long aga 
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Figure 1: Contributions from pions with 
A.N = 1 GeV and Ar.A = 1.3 GeV (dashedt and 
from antisymmetrization (dotted) to the (a) d - ü 
difference and (b) J/ü ratio, and the combined effect 
(solid). 

by Field and Feynman on the simple basis that the 
'U and d valence quark sectors are unequ aJly pop­
ulated in the proton ground state. Although more 
difficult to estimate model-independently, the contri­
bution to t he J-ü differenee from antisymmetrization 
has been calculated within a non-perturbative model 
of the nucleon [3J . Along the lines of the model es­
timates, we find that the effects of antisymmetriza­
tion are most relevant at small X, with normalization 
such that they can account for most of the remaining 
half of the integrated asymmetry. Indeed, our anal­
ysis suggests that the best fit to the E8ßß data is 
obtained when both mechanisms playa role, Fig.l. 
FinaJly, we note that it would be helpful to have more 
data at large x, where the error bars are largest , to 
verify the downward trend of J/ü . 
• Department of Physics and Mathematical Physics, 
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Strange Asymmetries in the Nucleon 

M. Malheiro" , W. Melnitehouk and J. Speth 

The quest ion of uhow much" strangeness there is in 
the nucleon has been quite topieal for at least the 
last deeade. One of the earlier indieators of a non­
negligible strangeness presenee in the nucleon eame 
with measurement of the strange axial matrix ele­
ments in polarised deep-inelastie seattering. Subse­
quently, parity-violating eleetron seattering experi­
ments at MIT /Bates [lJ and more reeently at Jef­
ferson Lab [2) have sought to measure the strange 
eleetromagnetie form faetors of the nucleon at low 
Q2. 

Any reasonable model of the non-perturbative sea 
quark eontent of the nucleon must be eompatible 
with the symmetries of QCD. One symmetry wh ich 
has proved to be quite important in the study of 
hadronic structure and interactions is chiral symme­
try. Applied to the SU(3) seetor, it prediets a number 
of novel effeets for the strange quark distributions in 
the nucleon, at both high and IOIV energy seales [3). 
In partieular, eaeh of these predietions is eonsistent 
with what is eurrently known from experiment. 
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Figure I: Strange eleetrie and magnetie form faetor 
eombination as extracted from the HAPPEX data 
[2J. 

In Fig.1 the latest result from the HAPPEX experi­
ment on the strange electromagnetic form factors is 
shown. The kinematies of the experiment determine 
a eombination of GE and GA! at Q2 "" 0.5 GeV2

, 

with a relative faetor ,. "" 0.39 between them. The 
kaon c10ud model agrees with the data quite well , 
for a cut-off mass of A = 1 GeV. 
The strange axial charge, 9~ I can be measured in 
both elastie neutrino-nucleon seattering, as the axial 
form faetor at Q2 = 0, or in polarised deep-inelastie 
eharged lepton-nucleon seattering, as the first mo­
ment of the spin-dependent strange quark distribu­
tion, Do s. Within the simple kaon c10ud model , the 
strange axial charge arises through the dissoeiation 
of the nucleon into a spin-O kaon and a spin-I /2 
hyperon (contributions from spin-3/2 hyperons are 
quite small numerically). This is shown in Fig.2 by 
the solid !ine, as a funetion of the kaon-nucleon-
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hyperon ver tex function cut-off mass, A. The eou­
plings and form factors are eorrelated with those 
from hyperon-nucleon seattering data [4J . 
Because the axial matrix elements are evaluated on 
the Iight-eone (or in the infinite-momelltum frame) , 
care must be taken to ensure preservation of Lorentz 
covarianee, as the usual prescription of using only 
"+" components of currents in the impulse approxi­
mation is known to violate rotational symmetry [5) . 
The dashed curve in Fig.2 corresponds to a caleu­
lation of the axial charge taking "+" components of 
currents, without correcting for the symmetry break­
ing - as one can see, the difference is quite large 
numerieal eompared with the full eaJculation . One 
finds fairly good agreement with the deep-inelastie 
data for 0.5< A < 1 GeV. 
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Figure 2: Strange axial charge of the proton as a 
funetion of the hadronie vertex function cut-off mass, 
A. The shaded area corresponds to the value of 
Do s = -0.10 ± 0.04 from deep- inelastic seattering. 

In future we intend to quantify in addition the eon­
tributions of the vector f(' mesons to both the deep­
inelastic structure functions and elastic strangeness 
form factors. Furthermore, using coherent state tech­
niques [6) we will be able to develop a systematic esti­
mate of the importance of higher order, multi-meson 
contributions, wh ich so far have been omitted in the 
one-Ioop ealeulations. 
" Instituto de Fisica, Universidade Federal Flumi­
nense, 24210-340, Niter6i , R. J ., Brazi!. 
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Renormalization of the effeetive chiral pion- nucleon Lagrangian to fourth order 

Ulf-G. Meißner, G. Müller (Wien) and S. Steininger 

In the effeetive meson-baryon low-energy theory of 
QCD, one encounters the problem that to one (or 
high er) loop order in the ehiral e"-pansion divergences 
appear. This problem has been considered to third 
order in external momenta and meson masses collec­
tively denoted O(p3), i.e. one loop graphs with inser­
tions entirely from the lowest order meson-baryon 
Lagrangian, for the tw(}-flavor case in [1) and for 
SU(3) in [2). We have extended these works and an­
alyzed the divergence structure of the one-Ioop gen­
erating functional to order p. [3), which are one- Ioop 
diagrams with exaet1y one insertion from the dimen­
sion two effective Lagrangian. This is mandated by 
the fact that it not only completes the full one loop 
generating functional but also is based on the phe­
nomenological observation that one loop graphs with 
exactly one dimension tWQ insertion are often im­
portant (like e.g. in the calculation of the nucleons 
eleetromagnetic polarizabilities of neutral pion pho­
toproduction off nucleons or light nuclei). These di­
vergences can be extracted in a ehiral invariant man­
ner by making use of the heat kernel representation 
of the propagators in d-dimensional Euclidean space. 
The first class of divergent graphs are the so-called 
tadpoles, whieh can be treated by standard meth­
ods. In the case of the self-energy contribution the 
divergences are due to the singular behaviour of the 
product of the meson and the baryon propagators 
in the conincidence limit. Ta order p4 l however I we 
can have an additional insertion on the intermediate 
nucleon line. This is the s(}-called eye graph. These 
various graphs are depicted in fig.l. -

Figure 1: Contributions to the one- Ioop generating 
functional at order q". In the lowest line, the ir­
reducible graphs quadratic in pion fluctuations are 
shown. These are (from left to right) the eye, the 
two vertex-corrected self-energy and the tadpole di­
agram. The circle-cross denotes a dimension two in­
sertion and the solid (dashed) double lines the baryon 
(meson) propagator in the presence of extemal fields. 

Therefore , we have to deal with a tri pie coincidence 
limit which has not yet been treated in heavy baryon 
chiral perturbation theory. We have developed a new 
method to treat such tripie coincidences and more 
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generally, one loop diagrams with an arbitrary num­
ber of insertions on the internal fermion line (hedge­
hog "graphs). We also have shown how the heat kernel 
method has to be extended for operators that are not 
parallel to the heavy fermion four-velocity. A lengthy 
calculation of the (irreducible) tadpole, self-energy, 
vertex- corrected self-energy and eye graphs results 
in the complete counter term Lagrangian, 

199 
(4)et 1 '" - (-(4)( ( ) .c~N = (41T FJ2 7=: di N v x) 0. x) No x 

for the velocity-dependent heavy nucleon fields No 
and in terms of the operators öl'), which can be 
found in table 1 of ref.[3]. This table constitutes the 
central result of this work. To facilitate comparison 
and checks, we have also listed in the appendices of 
that paper the resulting operators and ß-functions 
for the tadpole, self-energy and eye graphs, respee­
tively. The pertinent ß-functions depend on the fi­
nite LECs gA, CI, . .. ,6 and the inverse of the nucleon 
mass. The values of these LECs are all weil deter­
mined. The renormalized LECs di (/L) are measurable 
quantities . They satisfy the renormalization group 
equations 

/L d:d,(/L) = -eSi . 

Therefore, the choice of another scale /Lo leads to 
modified values of the renormalized LECs, 

d, (/Lo) = di (/L) + eS;log..!:.. . 
/Lo 

We remark that the scale-dependence in the coun­
terterm Lagrangian is, of course, balanced by the 
scale- dependence of the renormalized fini te one-loop 
functional for observable quanti ties. 
As applications and checks of the rather involved al­
gebra, we have studied the isoscalar magnetic mo­
ment and the scalar form factor of the nucleon to 
fourth order in small momenta based on Feynman 
diagrams. The resulting divergences can exactly be 
cancelled by using the pertinent operators from ta­
ble 1 of ref.(3) and their ß-functions. We have also 
studied the divergence structure of the elastic pion­
nucleon scattering amplitude and are presently con­
structing the complete effective Lagrangian at fourth 
order including the minimal set of finite terms. 
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Pion- nucleon scattering in chiral pertlU'bation theory to one loop 

N. Fettes, Ulf-G. Meißner and S. Steininger 

A detailed investigation of pion-nucleon scattering 
based on the existing "N partial wave amplitudes 
has been performed for the first time in ref.(I]. This 
is the first step in a bigger program of investigating 
isospin violation in low energy processes involving 
pions, nucleons and photons. 
1. We have constructed the minimal pion- nucleon 
Lagrangian at third order in the chiral expansion, 
including all corrections arising from the expansion 
in the inverse nucleon mass (with fixed coefficients as 
weil as dimension two LEes). We have also enumer­
ated the purely divergent terms which arise Ii'om the 
evaluation of the one-Ioop generating functional to 
one loop and order q3. At third order, the effective 
Lagrangian has 23 terms wHh LEes, 

23 

.cY) = .d3), fi"d + '\' d· flO- -H 
7rN 7rN L- l l , 

;=1 

Onll' 14 of these have a non-vanishing ß-function. 
This extends the result obtained in [2]. In addition, 
there are 8 terms which are onll' necessarl' for the 
renormalization (eqaution of motion terms). 
2, Based on this Lagrangian, we have constructed the 
complete amplitude for elastic pion-nucleon seatter­
ing to third order in sm all momenta and pion masses. 
Our loop contribution agrees exactly with the one 
given previously. For the tree graphs, we have shown 
the exact equivalence between the I/rn expansion of 
the result obtained in the relativistic theory and the 
one calculated directly in the heavy baryon approach, 
provided one does not expand the normaIization fac­
tor of the nucleon spinors. 
3, We have fitted the two S- and four P- wave partial 
wave amplitudes for three different sets of available 
pion- nucleon phase shi fts at intermediate energies 
(typically in the rangeof 50 to 100 MeV pion momen­
turn in the laboratory frame), a typical fit is shown in 
fig.l. This allows to predict the phases at lower and 
at higher energies, in particular the (sub )threshold 
parameters (seattering lengths and effective ranges) . 
By this fitting procedure we can determine the four 
dimension two LEes Cl,2 ,3,4 and live (combinations) 
of dimension three LEes. The numerical values for 
the LEes C2,3,4 are in good agreement with previ­
ous determinations from threshold and subthreshold 
parameters alone. Consequently, the numerical val­
ues of these LEes can be understood by resonance 
exchange saturation. The LEe CI, which is directly 
related to the pion-nucleon u-Ierm, comes out larger 
than before. We show, however, that the fits are not 
very sensitive to its actual value and one thus can not 
pin down Ihe u- term at Ihis order in Ihe chiral ex­
pansion. The dimension three LEes have "natural" 
size . 
4. We have evaluated the Ihreshold parameters using 
the one-Ioop anlplitude for the extrapolation. The 
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Figure 1: Fit to the Karlsruhe phase shifts . 

resulls are fairly stable for the various fits and, if ap­
plicable, comparable to the results based on disper­
sion theory. As al ready known , the isosealar S-wave 
scattering length can not be determined precisely to 
this order, but we give an improved prediction for the 
isovector one, 0.083 M;I ::; aö+ ::; 0.093 M;l This 
value is in good agreement with recent determina­
tions from the strong interaction level shift in pionic 
atoms measured at PSI and with values extracted 
from phase shift analyses, compare fig.2 
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Figure 2: Isovector (0- ) and isoscalar (0- ) S-wave 
scattering lengths compared to results from pionic 
hydrogen (H band) and deuterium (D band) mea­
surements. 
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Wave function renormalization in heavy fermion effective fleld theories 

N. Fettes, DIf-G. Meißner and S. Steininger 

We consider effective field theories with massive 
spin-l/2 degrees of freedom, like heavy baryon chi­
ral perturbation theory (HBCHPT) or heavy quark 
effective field theory (HQEFT). In such theories, the 
massive degrees of freedom behave essentially non­
relativistically and it is thus not obvious how to ex­
tend the notion of wave function renormalization to 
such a situation. ln relativistic baryon CHPT, this 
is not an issue sinee one can apply standard quan­
tum field theoretical methods. In the work of rer. [1), 
the wave function renormalization was defined via 
the derivative of the nucleon selhmergy at w = 0, 
leading to amomenturn independent result for ZN, 
the heavy nucleon Z-factor. A more detailed analy­
sis of this particular aspeet was performed by Ecker 
and Mojzis [2], who argued that the Z-factor can 
not be a constant but rather depends (in momen­
turn space) on the chosen frame via the baryon mo­
mentum. They for the first time stressed the role of 
the heavy fermionic sources and within their scheme, 
the contribution from these sourees is entirely given 
by ZN and one thus does not have to per form any 
explicit calculation for terms involving these heavy 
sources (onee the Z-factor is determined). Note that 
the Z-factor given in that paper for the "BKKM" 
approach is not correct, it should be momentum­
independent. This momentum dependence is, how­
ever, also present in the treatment a la ref.[I]. In that 
approach, the tree graphs are calculated from the rel­
ativistic tree level Lagrangian and then expanded in 
inverse powers of the nucleon mass up to the needed 
accuracy. More precisely, one has to include all rela­
tivistic tree level Lagrangian terms .c~~ + .c~z~ + ... 
which, when expanded, can contribute to the order of 
M./mN one is after. This proeedure contains auto­
maiically the momentum dependent pieces through 
the spinor normalization, as explicitely shown for the 
case of elastic pion- nucleon scattering in [3]. A gen­
eral proof that this method always leads to the cor­
reet results has beeil given in ref.[4]. In that paper 
a very simple scheme for wave function renormaliza­
tion in heavl' fermion effective field theories which 
paralleIs as closely as possible the conventional quan­
tum field theory approach was set up. This scheme is 
also verl' useful to elucidate the interrelationship be­
tween the various approach es found in the literature. 
It also provides us with the proof that expanding the 
relativistic tree graphs indeed leads to the correet 
result, as first conjectured in [5]. The method devel­
oped should also be of interest for HQEFT, since to 
our knowledge this issue has not been addressed in 
detail there. 

The most natural and economic way of defining wave 
function renormalization in heavy fermion effective 
field theories rests on the interpretation of the light 
components of the heavl' fields (like e.g. the nude-
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ons) as Dirae spinors. In that wal', one can define the 
heavl' fermion Z-factor, also denoted by ZN, that ful­
lills the following four conditions: 1) The definition 
of ZN should be independent of the choice of the 
four- velocity vector v. 2) 1Is definition should onll' 
involve the physical fields. 3) At tree level, one should 
have ZW· = 1. 4) The definition of ZN should be 
independent of the way one approaches the phl'si­
cal on-shell momentum, P -t PN . In particular, the 
so-defined Z-factor is momentum-independent and 
its tree graph contribution is equal to one. FUrther­
more, this prescription can be extended to higher or­
ders, i.e. bel'ond one loop, without problems. Such an 
interpretation is mandated bl' the correct matching 
of the heavl' fermion EFT to its relativistic COun­
terpart. Note that all calculations performed so far 
in HBCHPT have been done under the assumption 
that the light components of the heavl' fields are to 
be interpreted as Pauli spinors. We have shown the 
equi valence between such an approach and the Dirac 
spinor interpretation, provided one works in the rest­
frame v = (1, Ö) in the Pauli case. This allows to jus­
tify aposteriori the methods emplol'ed by BKKM [1] 
Cl/mN expansion of the relativistic tree graphs inde­
pendent of the spinor interpretation) and by FMS [3] 
(inclusion of the explicit four- dimensional spinor 
normalization in the tree graphs calculated from 
HBCHPT). When applied correctly, all these differ­
ent schemes lead to the same physics. As an exam­
pIe, one can show how the tree result for the pro­
ton charge form factor, Gl!;ee(kz) = e = constant, 
with e the proton charge and kZ the photons' four­
momentum squared, emerges in the various calcu­
lational schemes. FUrthermore, we have studied the 
nucleon mass shift to fourth order in the pion mass. 
Apart from an unspecified counter term contribu­
tion, which formally amounts to a quark mass cor­
rection of a dimension two operator, these corrections 
are tinl'. 
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Isospin violation in the pion- nucleon scattering Iengths 

N. Fettes, VIf-G. Meißner and S. Steininger 

Pion- nudeon scattering is one of the prime reaetions 
to test our understanding of the spontaneous and ex­
plicit ehiral symmetry breaking QCD is supposed to 
undergo. During the last years, there has been eon­
siderable interest in using -rrN scattering data to ex­
traet information about the violation of isospin sym­
metry, some analyses indicating effeets as large as 
7% [1 J. In both these analyses, the SOUree of this 
rather large effeet remains mysterious. Microseopi­
cally, there are two eompeting sources of isospin vio­
lation , whieh are generally of the same size, namely 
the strong effeet due to the light quark mass differ­
enee md - m u '" m u and the eleetromagnetie (ern) 
one eaused by virtual photons. For neutral pion seat­
tering off nudeons, these effeets ean be dramatically 
enhaneed due to the smallness of the isoscalar pion­
nudeon amplitude [2, 3J. This spectaeular effeet in 
the differenee of the -rr0p and -rr°n seattering lengths 
is , however, at present not amenable to a direct ex­
perimental verifieation. It is therefore mandatory to 
indude also the ehannels with eharged pions in any 
analysis of isospin violation. To do this in a consis­
tent fashion , one has to develop an effeetive field the­
ory (EFT) of pions, nucleons and virtual photons. 
The corresponding effeetive Lagrangian was devel­
oped in ref.[3J extending the standard -rr N EFT. The 
pertinent power counting of the EFT is based on 
the observation that besides the pion mass and mo­
menta, the eleetrie charge e should be eounted as 
an additional small parameter, given the fact that 
e2/4-rr '" M;/(4-rrF.)2 '" 1/100 (with M. and F. the 
pion mass and deeay constant, respeetively). Similar 
information can also be obtained from precise data 
on pion photoproduetion. In ref.[4J we have given a 
first systematie study of the expeeted size of isospin 
violation in the -rrN amplitude in the threshold re­
gion based on a set of relations, whieh vanish in the 
limit of exaet isospin. In that paper, only the strong 
and em isospin violating operators of dimension tWQ 
were retained and it was assumed that the hard em 
(Coulomb) effeets ean be faetored out. 

Isospin violation is best eharaeterized in terms of 
quantities whieh are exactly zero in the isospin limit 
of equal quark masses and vanishing em eoupling. 
With the three pion (,,±,-rr0 ) and two nudeon (p,n) 
fields, we have ten reaction ehannels, whieh in the 
case of isospin symmetry are entirely described in 
terms of two amplitudes. Employing time reserval 
invarianee, one thus can write down six isospin rela­
tions 

R
1 

= 2 Tn+p-Hr+p +T;r-p4;r-p - 2 Tnop-+rrop 

Tn+p-+;r+p + T rr - p-+rr - p + 2 T rrop -+ 1fop 

R2 = 21':r+p-+1f+P - T 1f - p-+;r-p - ../2Trr - p-+ 1fo n 

T 1f +p-+ iT +p - T;r-p-+;r-p + ../2Trr- p -+ 1fon 
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R3 = 
2 T 7rop -+ iT + n - T rr - p-+rron 

T;rop-+rr+u + Trr - p-+;ro,t 

R. = 
2 T lT + p-+1f + p - Trr - n-trr - n 

1":"+P--+iT+P + TiT - n-trr - rl 

Rs = 
2 Trr -p -trr- p - T 1f + 1t --+ lT + n 

Trr -p -trr - p + T rr +ll-trr+n 

~ = 
2 Trrop-trrop - T1ToU --+ 1TO,t 

T;rop-t tr0p + T non-t1Ton 

From these, R1 and ~ only involve isosealar ampli­
tudes and are thus partieularly sensi tive to isospin 
violation. R. has been previously been considered in 
refs.[2, 3J. For the novel ratio R, we expect an even 
larger effeet, 

R. '" 37% . 

This ratio involves scattering of eharged and neutral 
pions off the proton. The -rr0p seattering length can 
be determined from a precise neutral pion photopro­
duction target asymmetry measurement below the 
seeondary -rr+n threshold, see e.g. [5J . The ratios in­
volving the isoveetor scattering ampli tude are all of 
the order of one percent. 

I R. [%J I Ra[%J I R [%J I R [%J I 1 • 
Fit 1 0.9 0.5 -0.7 1.1 
Fit 2 1.1 -0.6 -0.9 l.l 
Fit 3 0.9 -0.5 -0.8 LO 

Table 1: Values of the ratios R; for the various pa­
rameter sets as given by the fits of FMS [6J. 

Also given in [4J are predietions for the (in some eases 
eomplex- valued) scattering lenghts. Further work 10 
systematieally include hard photons (Coulomb eor­
rections ) and higher order operators related 10 soft 
virtual photons are underway. 
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Effective theory for the two-nucleon system 

E. Epelbaum, W. Glöckle (Bochum), A. Krüger (Bochum) and Ulf-G . Meißner 

Chiral perturbation theory is hoped to provide in­
sight into the nuclear force problem and possibly 
even lead to a quantitative framework. Chiral sym­
metry imposes constraints on possible momentum 
and spin dependences of the nuclear forces but the 
framework is restricted to momenta below a certain 
scale. Only in this regime one can set up apower 
counting scheme which limits the number of inter­
action terms in the nuclear Hamiltonian. Whether 
this scheme works quantitativeil' and is applica­
ble to interacting nucleons seems not yet fully es­
tablished, despite a large number of investigations 
and considerable progress over the last few years. 
We therefore think that a model study based on 
a simplified lluclear force which, however J captures 
the essential features of the nucleon-nucleon inter ac­
tion (long/intermediate-range attraction and short­
range repulsion) can provide useful insights. 
In refs. [1, 2J we have shown how to construct an 
effective low energy theory for nucleons based on 
the method of unitary transformations [3, 4J start­
ing from a realistic two-nucleon potential (in mo­
mentum space) . This unitary transformation can be 
parametrized by an operator A, which obeys a non­
linear integral equation. This equation can be solved 
numerically and any observable can then be calcu­
lated in the space of small momenta only. To the 
best of our knowledge such an exact momentum 
space projection has never been done before. While 
the method is interesting per se, we have also made 
contact to chiral perturbation theory (CHPT) ap­
proaches to the two-nucleon system by studying a 
series of questions, which can be addressed unam­
bigouosly within the framework of our exact low mo­
mentum theory. Clearly, this should not be consid­
ered a substitute for a realistic CHPT calculation but 
might be used as a guide . The main results of this 
study can be summarized as follows: 
1. We have demonstrated that the theory projected 
onto the subspace of momenta below a given mo­
mentum space cut- off 11. leads to exactly the same 
S-matrix as the original theory in the full (un­
restricted) momentum space provided appropriate 
boundary conditions for the scattering states are cho­
sen. In particular J the components of the transformed 
scattering states with initial momenta below the cut­
off 11. in the subspace of momenta above the cut-off 11. 
are strictly zero. It is important to stress that the ex­
act projection leads to non-localities in momentum 
space. 
2. Starting from an S- wave NN potential with an 
attractive light (J.'L ce 300 MeV) and repulsive heavy 
meson exchange (J.'H ce 600 MeV), we have numeri­
cally solved without any approximation the nonlin­
ear equation for the operator A and demonstrated 
that the bound and scattering state spectrum of the 
effective and the full theory agree exactly up to the 
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Figure 1: Deuteron wave function p cji D (p) versus 
the momentum p from the effective potential (solid 
line) and the original potential (dashed line) for 
11. = 200 MeV. 

cut-off 11.. In particular, we have exactly one bound 
state with a binding energy of 2.23 MeV. The cor­
responding deuteron wave function is shown in fig.l. 
These results are independent of the value ofthe cut­
off, which was varied f,om 200 MeV to 5.5 GeV. We 
have argued that the most natural choiee is 11. ab out 
300 MeV. The effective potential can differ substan­
tially f,om the original one (for values of 11. on the 
small side of the range mentioned before, cf. fig .2). 

V(Q,ql 
·2 

·6 

q [Gev) 
0.15 

0.05 q' [Gey) 

Figure 2: Effective two- nucleon potential (green 
hatched area with solid lines) in comparison with 
the original potential (blue hatched area with dashed 
lines), for momenta less than 200 MeV. 

3. We have expanded the heavy meson exchange 
term in astring of Ioeal operators with increasing 
dimension but kept the light meson exchange ex­
plicitely, 

V'(g',g) = Virght(q',q) + V:ontaot(q',q), 

"contact = V(O) + V(2) + V(4) + ... , 



Co, V(2) = C 2(q
12 + q2) , 

C 4(q1 2 + q2)2 + C~q'2q2 . 

The eorresponding eoupling eonstants aeeompanying 
these loeal operators, which are monomials of even 
power in the momenta, can be determined precisely 
from the exaet solution. We have shown that they are 
of "natural" size, Le. of order ODe, with respect to the 
mass seale A"ale = 600 Me Y. We have also diseussed 
the relation of this seale to the mass of the heavy 
meson, which is integrated out, and the convergence 
properties of such type of expansion. In partielllar, 
to recover the binding energy within a few percent, 
one has to retain terms of rather high order in this 
expansion. This is to be expected due to the unnat­
ural smallness of this energy on any hadronie mass 
scale. The 3 S, seattering phase shift ean be well re­
produeed up to kinetie energies 1]ab ~ 120 MeY with 
the first three terms in the eontaet term expansion. 
4. Based on the expanded heavy meson exchange 
term, we have also determined the eonstants Ci di­
reetly from a fit to the phase shifts. This is equivalent 
to the proeedure performed in an effective field the­
ory approach. We eould show that as long as one does 
not include polynoms of order six (or higher), the re­
sulting values of these eonstants are close to their 
exaet ones. Furthermore, the binding energy is re­
produeed within 2%. Including dimension six terms, 
the fits beeome unstable. This ean be traeed back 
to the fact that the eontribution of such terms to 
the phase shifts are very small (at low and moderate 
energies) and thus ean not really be pinned down. 
5. We have also studied the quantum averages of 
the expanded potential in the bound and seattering 
states. For A = 300 Me Y, the expansion parameter 
is of the order of 1/2 and we find fast eonvergenee 
for the bound and the low-lying seattering states. 
As expeeted, for seattering states with lligher en­
ergy, the convergence becomes slower, as shown in 
the tables 1,2. 

25.94 MeY -4.23 MeY 1.07 MeY 
31.34 GeY-· -6.19 GeY-· 1.64 Gey-2 
11.54 Gey- 2 -3.28 GeY -2 LU Gey- 2 

7.79 GeY-' -3.09 GeY -, 1.40 GeY-· 

Table 1: The quantum averages of the operators 
V(O) V(2) V(4) and V(6) for the bound (seeond , , 
row) and the seattering states (third to fifth rows, 
Elab = 10,50,100 MeY) for A = 300 MeY in the 3S, 
ehannel. 

6. To study the '80 ehannel, we had to slightly 
readjust the parameters of the model potential. The 
phase shift ean be well reprodueed with the terms 
up-to-and-including fourth order in the eontaet 
term expansion of the heavy meson exchange. For 
the seattering states, the quantum averages of the 
expanded potential show convergence properties si m­
nar to the 3 S, ease. There is no bound state in the 
'So, but a virtual one just above threshold. There­
fore, the pertinent seattering length is unnaturally 
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37.42 GeY - ' -4.68 GeY-' 0.90 Gey-2 
11.72 GeY-' -2.56 GeY-' 0.68 GeY-' 
8.82 GeY-' -2.98 GeY-' 1.18 Gey- 2 

Table 2: Quantum averages of the operators 
V(O) , V (2) and V(4) for the seattering states 
(Elab = 10,50,100 MeY) with A = 300 MeY in the 
'So ehannel. 

targe and it shows a similar slow convergence as does 
the binding energy in the 3 S, ehannel. 
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Figure 3: Phase shifts from the effective potential 
VI (solid green line) and the truneated expansion 
to zeroth, seeond and fourth order as a function of 
the kinetie energy in the lab for the 'So ehannel for 
A = 300 MeY. 

7. In the model spaee of small momenta only, one ean 
also study the non-loealities in the eoordinate space 
representation. We have shown that for typical eut­
off values, the effeetive potential V ('" Xl) is highly 
non- loeal and looks very different from the original 
one. For very large values of tbe cut-off, ODe recovers 
the original loeal potential. 
We hope that this study might be useful for deriva­
tion of NN-forees based on ehiral Lagrangians in the 
low- momentum regime. It should also provide new 
insights into a consistent and convergent treatment 
of relativistie effeets in few- and many-nucleon sys­
tems. 
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The nucleons electroweak form factors at low energies 

V. Bernard (Strasbourg), H.W. Fearing (TRlVMF), T.R. Hemmert and VIf-G. Meißner 

The ehiral symmetry of the light flavor sec tor of 
QCD is spontaneously broken at low energies lead­
ing to the existenee of Goldstone boson modes. In 
the light (u, d) quark sector, one identifies the pions 
with these Goldstone bosons. Alliow energy dynam­
ies is governed by these lightest hadronie degrees of 
freedom and the ehiral symmetry puts very striet 
constraillts on their interactions among themselves, 
with external sources and on their eoupling to mat­
ter fields (baryons, ete.) . This Goldstone-boson dom­
inated regime of non-perturbative QCD at low en­
ergies ean be formulated exactly in an e/feetive la­
grangian formalism ealled Chiral Perturbation The­
ory (CHPT). With the pions being the lightest de­
grees of freedom in the hadron speetrum, CHPT sug­
gests that the long range strueture of baryons and its 
leading momentum dependenee is governed by the 
ehiral symmetry of the pion interaction. 
The electro-weak strueture of baryons is parameter­
ized via form factors. In the case of the nucleon they 
have been analyzed in one-loop relativistic baryon 
CHPT [IJ and in a "non-relativistie" approach called 
HBCHPT [2] in the past. Reeently [3J , we have re­
peated this analysis utilizing a phenomenologieal ex­
tension of CHPT called the "small seale expansion" 
[4J. In this approach one includes the first nucleon 
resonance t.(1232) as an explicit degree of freedom 
in a phenomenologieally resummed ehiral expansion. 
In [3J all six form faetors of the nucleon are diseussed, 
here we will focus on the isovector Pauli form factor 
F2'(q2). 
Consider the nucleon matrix element of the isovec­
tor component of the quark vector current \/: = 
ij'Y~(Ti/2)q, whieh involves a veetor (Dirac) and a 
tensor (Pauli) form factor, 

(N(p2)W;(O)IN(p,)) = 

U(P2) [F1
V (q2) 'Y" + 2~N F2"(l) U~vqvl u(p,) , 

where u(P) is a Dirae spinor and q2 = (P2 - p,)2 is 
the invariant momentum transfer squared. The radii 
of these fOIm factoIs should be determined by the 
e,,-tension of the pion cloud. E.g. for the radius of 
F2'(q2) one finds to leading order in HBChPT [2], 
[SSE [3J J 

( ")2 g~MN 
"2 = + 8F; 1\,,, 1f171.1f 

+ [ g'f"vt;, MN log [~ + J t.2 
- 1]] 

9F!;"v7f2",/ t. 2 - m;; m. m;; 
= O.52frn2 [+ O.09fm2J , 

compared with the empirical value, (1'~J2 = 
O.80fm2 [5J. The only parameters are the pion de­
cay constant (mass) F" (In.), the 7fNN (7ft.N) eou­
plings YA (g.Nt;,) , the nucleon mass MN, the mass-
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splitting t. = Mt;, - MN and the anomalous isovec­
tor magnetic moment "v' All these parameters are 
weil determined. One can see that alIeady the leading 
HBCHPT Iesult fOI the extension of the pion cloud 
pIovides a good estimate for the size of the nucleon 
in this channeL Inclusion of explicit delta eompo­
nents in the nucleon wavefunction around which the 
pions can fluctuate provides a 17% corIection in the 
right diIeetion [3J. In the chiIallimit, we recoveI the 
weil known l/m. singularity, which is not touched 
by the Iesonance contribution in aecord with gen­
eral decoupling Iequirements. This singularity is a 
consequenee of the infinite range of a cloud of mass­
less pions. Other fOIm factor results (also for the two 
form factors Ielated to the weak axial curIent) are 
discussed in [3J. 

3 

~ 
> 2 
~ 

U. 

8.00 0 .05 0.15 0.20 

Figure 1: IsoveetoI form factors of the nucleon. SSE: 
solid lines , HBCHPT: dot-dashed lines, empirical 
parametrization of Ief.[5J : dashed lines. The lower 
(upper) set of curves IefeIs to F."(q2) (F2'(q2)). 
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Strange magnetism in the nucleon 

T.R. Hemmert, Vlf-G . Meißner and S. Steininger 

The strangeness content of the nucleon has been 
much discussed in the last years, like e.g. in the anal­
ysis of the pion- nuc1eon ~:;-term or the spin content 
of the proton. Another sector where explicit strange 
degrees of freedom figure prominently concerns the 
strangeness vector current of the nucleon to be mea­
sured in parity- violating electron- hadron scattering 
at MAMI and JLAB. It is defined as 

(NI s 7~ s IN) = (1/3)JZ - (1/v'3)J! ' (1) 

in terms of the conventional singlet and octet cur­
rents. These can be written in terms of form factors 
as 

Here] q11 = P~ - P11 corresponds to the four­
momentum transfer to the nuc1eon by the external 
singlet (v~O) = v~.\O) and the octet (V~8) = V".\8) 
vector source vll ] respectively. The strangeness Dirac 
and Pauli form factors are defined via 

FI')(q') = .!.FIO)(q') __ 1 F(8)(q') (3) 
I,' 3 I,' v'3 I ,' , 

subject to the normalization F1
1') (0) = 0, Fi'JeO) = 

,,~), with ,,~) the (anomalous) strangeness moment. 
In the following we concentrate our analysis on the 
"magnetic" strangeness form factor Gh'l(q'), which 
in analogy to the (electro )magnetic Sachs form factor 
is defined as 

(4) 

In the case of a nucleon GCj(O) == f1.~) defines the 
so called "strange magnetic moment)) of the nucleon 
whose sign and/or size is heavily contested in theo­
retical analyses. FUrthermore] it is precisely this form 
factor at q' = -O.IGeV' which has been analyzed 
in the recent Bates measurement [IJ. As shown in 
ref.[2], the evolution of this form factor with q' can 
be predicted in terms ofwell-known low energy quan­
tities. To O(p3) in SV(3) HBCHPT one finds 

d')(Q') _ I') 7T MNTnK 
M ' - J1.N + (47fF~)2 

x ~ (5D' - 6DF + 9F') f(Q') , (5) 

with Q' = -q',D "" 3/4,F "" 1/2,F" == (F~ + 
F/<l/2 "" 102MeV the average pseudoscalar decay 
constant and TnK being the kaon mass . The momen­
turn dependence is given entirely in terms of the func­
tion f(Q'), which for small and moderate Q' rises 
almost linearly with increasing Q', see fig.I. Eq.(5) 
only contains the leading order chiral contribution 
which sterns exclusively from the kaon-c1oud of the 
nuc1eon. It will be interesting to calculate the next­
to-Ieading order (Le. O(p")) correction to this result 
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in order to check possible contributions from vector 
mesons which are usually assumed to dominate this 
form factor [3J. However, al ready at O(p3) one can 
implicitly inc1ude some of the higher order correc­
tions if one analyzes the magnetic isoscalar form fac­
tor G~fO( Q') and the strange magnetic form factor 

G~'l(Q') simultaneously[2J. One obtains the müdel­
independent connection 

G~'l(Q') = f1.W+J1.fv°-G~fo(Q')+O(p4) ,(6) 

where Ji.}.{o denotes the isoscalar magnetic moment 
of the nuc1eon. To O(P3) one therefore predicts that 
the low Q' behavior of the strange magnetic form 
factor of the nucleon is exactly controlled by the well­
known isoscalar form factor of the nucleon, see fig.I. 
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Figure 1: Lawer and upper bound for the 
Q'-€volution ofthe strange magnetic form factor set-
ting GCj (0) = f1.~) = O. 

Eqs.(5,6) can be considered as a lower, upper bound 
on the q' evolution of the strange magnetic form 
factor at low momentum transfer [2J. Both relations 
can be used to extrapolate from the e:q,erimentally 
determined values for Gh'l (Q') at Q' > 0 to the 
sought after strange magnetic moment f1.~) of the nu­
c1eon at Q' = O. Clearly, with improving experimen­
tal accuracy on G~~) (Q') one also needs to calculate 
the O(p4) corrections to both relations. Furthermore, 
comparing Eqs.(5,6) we are also looking forward to 

the mapping of the low Q' dependence of GCj (Q') 
by the GO collaboration at J-Lab [4J. 
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Muon capture on the proton 

V. Bernard (Slrasbourg), T.R Hemmerl and Ulf-G. Meißner 

Ordinary (I"-P -f v"n) and Radialive (I"-P -f v~ln) 
Muon Capture (OMC, Ri\1C) on a proton are vener­
able subjeets in nuclear physics. After having served 
for deeades as a tesling ground for Ihe symmet.ries 
and struelure of the weak interaction, today these 
reaetions can also be regarded as unique tests of the 
axial structure of the nueleon as mandated by the 
explicitly and spontaneously broken ehiral symme­
try of QCD at low energies. In partieular, they ean 
give us aecess to the elusive pseudoscalar form fac­
tor Gp(q2) of the nudeon. We have started there­
fore a systematie analysis of OMC and RMC in 
the. fr~ework of the "small seale expansion" (SSE), 
whleh IS a phenomenologieally inspired extension of 
heavy baryon ehiral perturbation theory (HBCHPT) 
mdudmg also the L!.(1232) as a dynamieal degree 
of freedom. OMC and RMC indeed are low energy 
hadronie processes where a good convergence behav­
ior of HBCHPT (or SSE) can be expeeted [I). In 
the Fermi approximation of a statie W- field the 
... P I 

Invariant matrIX element of ordinary mUQn capture 
can be written as the produet of a leptonie and an 
hadronie matrix element. The leplonie matrix ele­
ment (v~IW:II") is uniquely fixed by the eleetroweak 
vertiees of the Standard Model, utilized here as the 
source of well-understood external fields that probe 
the hadronic structure of a nudeon of mass MN and 
isovector magnetic moment /-ltl at low energies. Now 
one ealculates the charge-ehanging hadronie veetor 
(nWv- lp) and axial-veetor (nIA;;-lp) eurrents in the 
SSE to the order desired. Assuming that the initial 
muon-proton system constitutes the ground-state of 
abound system deseribed by a Is Bohr-wavefunction 
4>(X)1s of a muonie atom one finds the spin-averaged 
eapture rate to second order [I) 

rOMC = F ud J1. 2 4 o3G2 1,2 m5 { 
2,,2(m~ + m~)2 (29A + I)m~ 

+ (4g~ + 2)m!m; + (3g~ + l)m! 

+ 2mj.' [ 2 
(m2 + m 2)M (gAl"u - 59A - 2) 

" I' N 

X (m6 + 3m'm2
) J1. J1. lT 

+ (3gAI"u - 16g) - 6)m~m! 

+ (gAl"u - 7g~ - 2)m~1 } 

= (247 - 59) x 8 -
1 +O(I/M'/.) 

= 188 x S-I + O(I/M'/.), 

with GF = g~V2/(8M'rl, ) the Fermi eonstant, m. 
(m~) the pion (muon) mass, gA the axial eoupling 
constant, 0 the fine slrueture eonstant and Vud the 
pertinent CKM malrix element. Note Ihat the see­
ond order contribution amounts to a correcLion of 
less than 25% of the leading term. The expeelation 
that OMC has a weil behaved chiral expansion is also 
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supported by the observation that in the ease of no 
explicit ehiral symmetry breaking (Le. m. = 0) the 
spin-averaged eapture rate is only ehanged by 10%, 

r~~1C = (214 - 46) x 8 - 1 + O(I/M'/.) 
= 168 x 8 - 1 + O(I/M'/.) . 

The physieal reason for the nice stability of perlur­
bative ealculations for OMC is of course the fact 
that eontributions of order n are suppressed [I) by 
( /A ) ,,- 1 . I . mj x I Wlt 1 t = 7r,J.L and Ax '" MN '" 
I Ge V. Analogous suppression effeets are at work 
for RMC [1). We therefore note that at O(I/MJ.)­
when the ealeulation beeomes sensitive to the inter­
nal strueture of the nudeon beyond just the isovee­
tor magnetie momenl I"u and Ihe leading pion pole­
Ihe new slructure effeels are strongly suppressed and 
Iherefore presenl a formidable dlallenge for the re­
quired precision of muan capture experiments. 
We have also started to lake a doser look al RJ'vIC. 
Several HBCHPT calculations of RMC have been 
performed, the most elaborale one by Ando and 
Min [2). They found that the third order effeels are 
smalI. However I in our opinion there is one point left 
to be examined in detail regarding Ihe conlribution 
of L!.(1232) in muon capture. In HBCHPT these ef­
feets are incorporated via third order eounlerlerms . ' leadmg only to a small effeet, eonsistent wilh pre-
vious phenomenologieal analyses. While this result 
is reassuring it is also surprising from the viewpoint 
of effeelive field theories. Introducing Ö(1232) into 
Ihe theory leads to a new seale L!. = Me. - MN -
300MeV, whieh would suggest Ihat the resulling ef­
feets (md ö), i = ",1" could be of the order of 
30%. We have star ted 10 investigate [1) this problem 
to identify the origin of this strong suppression of 
Ö(1232). First numerieal results confirm the small­
ness of the contributions, bul the analytical slrueture 
and Ihe physies behind this suppression is hard 10 pin 
down. Its origin lies in Ihe fact that due to the alomie 
slruelure of Ihe I"P system bolh OMC and RMC are 
very sensilive to spin struelure of the initial state 
whieh seems 10 ael as filler meehanism [1). 
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The parity-violating pion-nucleon coupling 

Ulf-G. Meißner and H. Weigel (MIT) 

There has been considerable interest and contro­
versy about the parity-violating pion-nucleon cou­
pling constant Grr over the last years, triggered on 
one side by new experimental resul ts and on the 
other by fresh theoretical ideas. The measurement 
of the anapole moment in 133CS, which allows to 
get abound on G rr , seems to contradict the bounds 
from the anapole moment measured in 205TI and 
the bound from the circular polarization asymme­
try measurement of 18FI. To be precise, these data 
are analyzed in the framework of parity-violating 
(pv) one-boson exchange and are thus sensitive to 
the products of the weak and the strong (parity­
conserving) couplings. The latter are, however, sufli­
ciently weil known for the present accuracies one is 
dealing with. On the theoretical side, the chiral per­
turbation theory analysis of Kaplan and Savage [1] 
seems to indicate a large enhancement of the weak 
pion-nucleon coupling due to strangeness. More pre­
cisely, the underlying four- fermion current-current 
Hamiltonian has a piece of the form (ijq)(ss) , which 
contributes sizeably to Grr • Here, q (s) denotes the 
light (strange) quarks. In ref. [1], numerical estimates 
where given based on factorization and dimensional 
analysis. On the other hand, the two-ßavor topo­
logical chiral soliton model had been used to study 
parity-violating meson- nucleon couplings [2] and in­
teraction regions [2], including also the N 6. and 6.6. 
vertices. This model gives a successful description 
of many nucleon observables as reviewed in ref. [3]. 
In this approach, the weak pion-nucleon coupling 
comes out to be very smalI, typically Grr oe 0.3.10-7 . 

Note that in the SU(2) Skyrme model without vec­
tor mesons, the weak pion-nucleon coupling van­
ishes due to a particular symmetry between the cur­
rents. This symmetry is absent in the presence of 
vector mesons OI realistic three flavor version (we 
thus always compare to the vector meson stabilized 
Skyrmion when we talk ab out SU(2». Clearly, in the 
two-fiavor approch ODe is not sensitive to operators 
involving strange quarks and also strange compo­
nents in the nucleon wave function. Jt appears there­
fore mandatory to ertend the soliton model calcu­
lations to the three ßavor case. We have therefore 
calculated Grr in a realistic SU(3) Skyrme model [4], 
which gives a fair description of many observables, 
like the mass splittings of the low-Iying 1/2+ and 
3/2+ baryons, magnetic moments, hyperon deacys 
and many others (for a review, see ref. [5]) . Within 
this approach, we can quantify the role of the four­
quark operators involving strange quark pairs as weil 
as the role of st.rangeness in the nucleons' wave func­
tion. 
The pertinent results of thi5 study are naw summa.­
rized . As input, we use for the Skyrme parameter 
values in the range e = 4.0 . .. 4.5, which reasonably 
reproduces the baryon spectrum. The results for a 
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large number of hyperon properties for these param­
eters can be found in the literature [5]. In fig .l we 
show the weak pion- nucleon coupling constant as a 
function of the kaon mass, i.e. as a function of the 
symmetry breaking. For the physical value of mK, 
we get 

G" = {0.8, 1.3} .10- 7 for e = {4.0,4.5} ,(1) 

which is considerably bigger than the SU(2) gener­
alized Skyrme result of 0.2 ... 0.3 . 10-7 [2]. How­
ever, as one freezes out the kaon degrees of free­
dom, the value of Grr approaches zero as indicated 
in fig.1. The values given in eq.(I) are in fair agree­
ment wi th most recent quark model calculations in 
which Grr = 2.0 .. . 2.7· 10-7 [6, 7]. The typical 
range of values in the quark model calculations is 
Grr = 0 . .. 3.10-7 [6]. This large enhancement of the 
weak pion-nucleon coupling compared to the SU(2) 
calculations is largely due to the induced kaon fields 
(due to the collective quantization). Our study un­
derlines the importance of four- quark operators in­
volving strange quarks. 

, .. 
.;- loe g .... ........ .. . 
r$ 1.0 

•• 
··s;;;->~ ... k .. "'-"c.......-.i ... io'-~.....J ... ".....'-'='S;l, ... 

HK (MeV) 

Figure 1: The weak 7\" N coupling as a function of the 
kaon mass. Upper (Iower) solid curve: e = 4.5(4.0). 
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Effective field theory approach to meson production in proton-proton collisions 

V. Bernard (Strasbourg), N. Kaiser (München), Ulf-G. Meißner 

Over the last years, very preeise data on pion, TJ and 
1]1 meson production in proton-proton collisions in 
the threshold region have been obtained at IUCF, 
CELSIUS and COSY. The basic process is thus 
pp -+ pN M, where N denotes the nucleon and M 
denotes a pseudoscalar meson, in Dur case the 1TO, 

11"+, TJ or the TJ'. At the respective threshold, the pro­
duced meson is soft, i.e. has vanishing three momen­
tum. Consequently, in the case of the pions, which 
are believed 10 be Ihe Goldslone bosons related to 
the spontaneous chiral symmetry breaking QCD is 
assumed to undergo, this process appears to be a 
good lesting ground for chiral perturbation theory 
methods. To be specific, at threshold one has only 
S-waves and thus the pertinent T - matrix for the spe­
eific case of ,,0 production is parametrized in terms 
of one single amplitude, 

,,-,c"'(p 0) A('- .- - -)-.1.th 'P ~ pp :::: Z Ul - t 0"2 + 0"1 X <72 . p. 

The 8,,2 are the spin-matrices of the two protons . 
The value of the proton cm momentum to produce a 
neutral pion at rest is given by 

Ipl = jM.(m + M./4) = 362.2 MeV, 

with m = 938.27 MeV the proton and M. = 
134.97 Me V the neutral pion mass, respectively. Ob­
viously, Ipl vanishes in the chiral limit of zero pion 
mass. Therefore the soft-pion theorem which re­
quires a vanishing threshold T-matrix in the chiral 
limit M. = 0 is trivially fulfilled (as long as A does 
not become singular). F\.trthermore, it is known that 
the energy dependence in the threshold region the 
strong final-slate interactions (FSI) governs the en­
ergy dependence. In the approaches we developed [1) 
the complete ampli tude is written as 

T = T'SJ . TP,od . T FSJ , 

where ISI denotes the initial-state inter action and 
the microscopic approaches are applied 10 the pro­
duction amplitude TPmd. Clearly, such aseparation 
induces apriori some model dependence. Based on 
the observation that the heavy baryon approach is 
not expected 10 converge, in re[.[I) a different ap­
proach was pursued. Consider first the process pp -+ 
ppo. Approximating the ne ar threshold T -matrix 
by the T -matrix exactly at threshold one gets for 
the unpolarized total cross section 

where the flux and three-body phase space factors, 
denoted as I<F(W), can be approximated by an an­
alytical expression which is accurate within a few 
percent in the threshold region. Fp(W) is the cor­
rection factor due the final- slate interaction. It eval­
uated it in the effective range approximation. This 
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is of course a very strong assumption but it allows 
to explain the energy dependence of Ihe e"perimen­
tal total cross sections very accurately in terms of a 
single constant amplitude A. In fact, one can derive 
this particular treatment of the FSI from an effec­
tive field theory (EIT) approach. Separating off the 
final-state interaction in that way, one can then pur­
sue a diagrammatic approach to the (on-shell) pro­
duction amplitude A. This allows to investigate in 
a simple fashion the role of one-pion exchange and 
chiral loop effects together \Vith shorter range ex­
changes due ta heavier mesons. In a similar fashion , 
one can investigate the other processes pp -+ pn,,+, 
pp -+ pp~ and pp -+ pp~' (see below). 

p P -) P P n° 

• 
:0 
,3 • " .; 

2 

O~200~~~200~~~3~OO~~3~1O~~~~~~~,* 

T,,, [MeVI 
Figure 1: Fit to the lotal cross section for pp -+ ppo 
as described in the text (solid line). The data are 
from IUCF (boxes) and CELSISU (crosses). The 
dashed line is result of the diagrarnmatic approach. 

Consider firsl the ppo reaction. The S-wave thresh­
old amplitude can be extracted from the data, 
A[exp) = (2.7 - iO.3) fm', as shown by the solid line 
in the figure . The imaginary part is due to the 3 Po pp 
phase shift taken at the threshold energy in the lab 
frame, T~~b = 279.65 MeV, where Jepo) = -6.3°. 
Thus the imaginary part Im A is about -1 /9 of the 
real part Re A and contributes negligibly 10 the to­
tal cross section near threshold. This number can 
be weIl understood in terms of chiral 7\'"0 exchange 
(including chiral ,,0 rescattering) and heavy meson 
(w, pO, TJ) exchanges based on a relativistic Feyn­
man diagranl calculation \Vith all parameIers being 
fixed from reliable methods, like forward NN disper­
sion relations for the wand a dispersion- theoretical 
analysis of N N -+ 'Ir'lr for the p. Interestingly, in 
the relati vistic approach the rescattering contribu­
tion interferes constructively \Vith the direct produc­
tion term, different from the heavy baryon approach 
and in agreement with the mesol1-€xchange models. 
One can also evaluate some dasses of one-Ioop graphs 
and finds that they lead to small corrections of the 
order of a few percent. Therefore chiralloops do not 
seem to play any significant role in the processes 



N N ---> N Nrr, which are dominated by one-pion ex­
change and short- range physics. I remark also that 
both the long range rro exchange and the short range 
vector meson exchange lead to contributions to the 
threshold amplitude A which do not vanish in the 
chiral limit Mrr ---> O. There is no chiral suppression 
of the reaction pp ---> pprro compared to other N N rr 
channels. In all cases the respective threshold am­
plitudes are non-zero (and finite) in the chirallimit. 
This is in contrast to the widespread believe that 
pp ---> pprro is suppressed for reasons of chiral sym­
metry. 
Within the same approach, one can investigate the 
threshold behavior of the process pp ---> pnrr+. It is 
given in terms of A and the triplet threshold ampli­
tude ß, 

T'i::'(pp ---> pnrr+) = -V2ßi(ü, + Ü2) . p 

+A/V2(iü, - iÜ2 +ü, x Ü2)·p. 

From the IUCF data, one can determine the empir­
ical value of the triplet amplitude, ßC>"P = (2.8-
i1.5) fm4. The large imaginary part is related to the 
strong ISI in the 3 P, entrance channel, which natu­
rally can not be explained by tree graphs only. The 
value of the 3 P, phase at the threshold energy for 
pnrr+ is - 28.1 o. The corresponding real part Re ß 
is weil reproduced by chiral one-pion exchange and 
short-range vector meson physics. For the same pa­
rameters as used in the study of pprro, one gets 
Re ß = 2.74fm4 Clearly, this channel deserves fur­
ther study. 
Let me now turn to ." production. The threshold ma­
trix element takes the form as in the case of pp ---> 
pprro in terms of the (complex) threshold amplitude 
C. The .,,-production threshold is reached at a proton 
laboratory kinetic energy :r;~b = M.(2 + M./2m) = 
1254.6 MeV, where M" = 547.45 MeV denotes the 
eta- meson mass. In the case of .,,-production near 
threshold it is also important to take into account the 
."p final-state inter action, since the ."N- system in­
teracts rather strongly near threshold . In fact recent 
coupled-channel analysis of the (" N, ."N)-system 
finds for the real part of the ."N scattering length 
Rea.N = (0.717 ± 0.030) fm . For comparison, this 
value is about six times than the ,,-p scattering 
length, a rr - p = 0.125 fm , as measured e.g. in pionic 
hydrogen. In ref.[l], it is assumed that the correc­
tion due to the S- wave ."p FSI near threshold can be 
treated in effective range approximation analogous 
to the S-wave pp FSl. The further assumption that 
the FSI in the pp subsystem and in the two ."p sub­
systems do not intluence each other and that they 
[actorize is made. The corresponding from of the un­
polarized total cross section in terms of the S-wave 
amplitude C the various FSI functions Fp(W) , F,,(s,,) 
can be foind in ref.[IJ. Note that the ."p FSI func­
tion is eomplex- valued. From the CELSIUS data, 
one finds for the 1l10dulus of the threshold amplitude 
ICI = 1.32fm4

• The resulting energy dependent cross 
seetion from threshold up to 11ao = 1375 MeV is 
sholVn in the figure together with the data from CEL­
SIUS. It is rather astonishing that one can describe 
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the total cross seetion data up to 100 MeV above 
threshold lVith a constant threshold amplitude C 
and a simple factorization ansatz for the three- body 
FSI. The relativistie Feynman graphs contributing to 
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Figure 2: The cross seetion C7tot(pP ---> pp.,,) as a func­
tion of 11ao. The data are taken from CELSIUS. 

the threshold amplitude C can be easily evaluated. 
To account for the strong ."N S-lVave rescattering, 
which is often attributed to the nucleon resonanee 
Su (1535), one has to introduce a local N N."." con­
tact term, L.N = KN(x)N(x).,,2(X). Its strength K 
can be obtaiend from fitting the scattering length 
a.N. With 9"N = 5.3, which is c10se to tlavor SU(3) 
estimates and determinations from boson-exchange 
models, one can exactly reproduce the value of C. It 
is worth to point out that pO exchange is the dom­
inant contribution, because it is enhanced by fac­
tors of M./m '" 0.6 quite in contrast to the neutral 
pion case, where w and 1r exchange are the domi­
nant mechanisms. This p-meson dominance has in 
the mean time been verified by analyzing angular 
distributions measured at CELSIUS 
At COSY, .,,' produetion very c10se to threshold has 
been measured for the first time, at mueh smaller 
exeess energies than the feIV data points from the 
nolV defunet SATURNE faciJity. Within the diagram­
matie approach of ref.[I] the empirical S-wave ampli­
tude can be obtained with 9"'NN (1- 1.2&) = \.12, 
with 9.' N N the so far undetermined .,,' - N eoupling 
constant and € the pseudoscalar to pseudoveetor mix­
ing parameter. Interestingly, only the tensor inter­
action of the fH'xehange (~ "p) is sensitive to the 
parameter e. Combining this result with eonstraints 
from deep inelastie lepton- nucleon scattering 

g.'NN =2.5±0.7 , e=O.4±O.I . (I) 

It remains to be seen whether other .,,'- production 
processes (e.g. photoproduetion -yp ---> .,,' p) are eon­
sistent \Vi th these values. 
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Chiral and dispersive description of 1fN scattering 

Paul Büttiker 

Chiral perturbation theory (ChPT) is the effective 
theory of the Standard Model at low energies. As it 
is a non renormalizable theorYl additionallow energy 
constants (LEC) enter the calculation at each order 
of the chiral expansion . 
One possible chir al description of 1f N scattering is 
given by heavy baryon chiral perturbation theory 
(HBChPT) [1]. In this frame to order O(p3), the 
isosealar and the isoveetor amplitudes A±(s, t , u) and 
ß±(s, t , u) (s, t and u' are the Mandelstam vari­
ables) are parametrized by the LEC's c" C2, C3, "" 

and d"d2 ,d3 ,d5,d14 ,d'5 ,d'8 [2] . 
These quantities can not be fixed by the theory only. 
One possibility to obtain values for the above LEC's 
is to fit the ehiral amplitudes to the experimental 
data [2]. However, ChPT is known to yield the most 
reliable predictions for s and t Iying inside the Man­
delstam triangle. As this region is unphysical, there 
is no direct aceess by experimental data . 
By the use of dispersion relations this problem can be 
circumvented. Dispersion relations for 1fN scattering 
have been studied in great detail in axiomatie field 
theory in the last thirty years [3]. By using analyt­
icity, unitarity, and crossing symmetry one obtains 
dispersive relations for the scattering amplitudes: 

Re A±(s,t,u) = ~p feWIm A±(s',t,u')· 
7f J;lh . 

{/s± s'~u} 
92 g2 

Re B±(s, t , u) = 2 'f 2 + 
m N -s mN-u 

-p ds'ImB±(s',t,u') --'f-- , 1100 {I I} 
7r SI h . S' - S s' - u 

where 9 is the pion-nucleon coupling constant, 8th. :::::­

(mN + Mn)2, and 11lN and Mn are the nucleon and 
the pion mass, respectively. 
The advantage of the above relations is obvious: as 
the range of integration is restrieted 10 the physical 
domain of s, the integrands of the dispersion inte­
grals can be calculated from the available experimen­
tal data. On the other hand , the dispersion relations 
are valid for any sand t, Le . by using the data in 
the physical domain one is able to calculate the am­
plitudes A±(s, t , u) and B±(s, t, u) in the unphysical 
region, where a comparison with the chiral ampli­
tudes yields the most aceurate values for the LEC's. 
FUrthermore, by projecting the scattering ampli­
tudes onto partial waves, one obtains surn rules for 
the threshold parameters, for which HBChPT gives 
predietions, too. A comparison of these ehiral val­
ues with the dispersive quantities mal' be viewed as 
a probe into the validity in energy of chiral predic­
Hons. 
As a third application of dispersion relations, we 
plan to study the dispersive description of the pion-
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nudeon u-terrn when isospin symmetry is violated: 
according to the Ward-Takahashi identity, the ,,­
term, ,,(t = 0), can be related to the elastic 7TN 
scattering amplitude n+(s, t , u) at u = s, t = 2M;: 

F;n+(s, t = 2M;, u = s) = ,,(0) + !::.u + !::.n, 

where !::.U and !::.n are quantities that can be worked 
out in the framework of ChPT. 
On the other hand the ,,-term can be expressed in 
terms of physical masses and the matrix element 
(Plsslp). Therefore the 7TN scattering amplitude mal' 
be used to calculate the strange quark content of the 
nucleon. Again, dispersion relations are the suitable 
tool to determine the scattering amplitude. 
In the isospin symmetrie case this has been done 
by several authors [4]. However, as pointed out by 
Meißner and Steininger [5], isospin breaking effeets 
lower the value of the ,,-term by about 8 %, strongly 
suggesting a new dispersive analysis of the u-term , 
taking into account the violation of isospin symme­
try. 

References: 

[1] V. Bernard, N. Kaiser, U.-G. Meißner, Int. J . 
Mod. Phys. E4 (1995) 193 

[2] N. Fettes, U.-G. Meißner and S. Steininger, 
Nucl. Phys. A 640 (1998) 199 

[3] J. Hamilton and W. S. Woolcock, Rev . Mod. 
Phys. 35, 737 (1963); G. Höhler, Pion-Nucleon 
Scattering, Landolt-Börnstein I/9b2, Springer 
1983, ed. H. Schopper 

[4] R. Koch , Z. Phys. C 15 (1982), 161; J. Gasser 
et al., Phys. Lett . B 213 (1988) 85 

[5] U.-G. Meißner, S. Steininger, Phys. Lett. B 419 
(1998) 403 



Low Energy Hadron Dynamics and Virtual Compton Scattering 

D. Dreehsel (Mainz), T.R. Hemmert (IKP), B.R. Holstein (IKP & UMASS) and G. Knöehlein (Mainz) 

One of the primary goals of contemporary parti­
cle/nudear physies is to understand the strueture of 
the nudeon. Indeed this is being pursued at the very 
highest energy maehines such as SLAC and HER­
MES, at whieh one probes the quark/parton sub­
structure, as weIl as at lower energy accelerators such 
as MAMI and BATES, wherein one studies the be­
havior of the nucleon in terms of a three quark system 
surrounded by a pion cloud. bl reeent years one of 
the important low energy probes has been Compton 
scattering, by whieh one can study the deformation 
of the nucleon under the influenee of quasi-statie elee­
trie and/or magnetie lields.[l] For example, in the 
presenee of an external eleetrie lield E the quark dis­
tribution of the nucleon becomes distorted, leading 
to an indueed eleetrie dipole moment 

(1) 

in the direetion of the applied lield, where aE is the 
eleetrie polarizability. The interaction of this dipole 
moment with the lield leads to a eorresponding in­
teraction energy 

(2) 

Similarly in the presence of an applied magnetizing 
field jj there will be in indueed magnetie dipole mo­
ment 

(3) 

and an interaction energy 

1 -2 
U = -"247rßMH . (4) 

For wavelengths large eompared to the size of the 
system, the effective Hamiltonian for the interaction 
of a system of charge e and mass m with an elee­
tromagnetie field is, of course, given by the simple 
form 

- - 2 
H(O) = (p - eA) + eq, 

2m 
(5) 

As the energy increases, however, Olle must take into 
aeeount also polarizability effeets and the effeetive 
Hamiltonian becomes 

(0) 1 -2 -2 Heff = H - "247r(aEE + ßMH ) (6) 

The Compton scattering cross seetion from such a 
system (taken, for simplieity, to be spinless) is given 
then by 

du 
drl 

+ 

(a;;" f (~r [~(l+ eos
2 

8) 

mww' 1 2 
--[-2(aE + ßM)(l + cosO) 

Q'em 

1 2 "2(aE - ßM )(1 - eosO) + ... ], (7) 

85 

wh~re Ctem is the fine structure canstant and w, w' 
are the initial, final photon energies respeetively. It 
is clear from Eq. 7 that from eareful measurement 
of the differential scattering cross seetion extraetion 
of these structure dependent polarizability terms is 
possible provided that i) the energy is large enough 
that these terms are significant compared to the lead­
ing Thomson piece and ii) that the energy is not too 
large that higher order eorreetions become impor­
tant. In this way the measurement of eleetrie and 
magnetie polarizabilities for the proton has reeently 
been aecomplished using photons in the energy range 
50 MeV< w < 100 MeV, yielding[2] #1 

~ = (12.1 ± 0.8 ± 0.5) x 1O-3fm3 

ß'l.t (2.1 'f 0.8 'f 0.5) x 1O-3
frn3 (9) 

Rom these results whieh say that the polarizabili­
ties of the proton are nearly a faetor of a thousand 
smaller thall the corresponding volume we learn that 
the nucleon is a rather rigid objeet when eompared 
to the hydrogen atom, for example, for whieh the 
eleetrie polarizability and volume are eomparable. 
Additional strueture probes are possible if we exploit 
the feature of nucleon spin.[4] Thus, for example, the 
presenee of a time varying eleetrie field in the plane 
of a rotating system of eh arges will lead to acharge 
separation and induced electric dipole moment 

- aE P= -''I1S X 7ft 
and corresponding interaction energy 

(10) 

UJ = -p·E=''I1E.§x ({l x B), (11) 

where we have used the Maxwell equations in writ­
ing this form. (Note that the "extra" time 01' spa­
tial derivative is required by time revers al invariance 
sinee § is T-odd.) Similariy olher possible struetures 
are 

U2 12B· {l§. E 
U3 13E· {l§. B 

U4 = -14B·§X ({lxE) (12) 

and the measurement of these various I! spin­
polarizabilities" 'Yi via polarized Compton scatter­
ing provides a rather different sort of probe for nu­
cleon structure . Because of the requirement for po­
larization not much is known at present about such 

#1 Note that in practice one generally exploits the strictures 
of causality and unitarity as manifested in the validity of the 
forward scattering dispersion relation, which yields the Baldin 
sum rule[3] 

1 {OO dw p n 

211"2 Jo w2 at~t 

{ 
(13.69 ± 0.14) x 1O- 4fm3 p (8) 
(14.40 ± 0.66) x 10-'fm' n 

as a constraint because of the sm all uncertainty associated 
with the photoabsorption cross section arot. 



spin-polarizabilities, although from dispersion rela­
tions the eombinat.ion[5J 

Yo:= Tr - T, - 2-{.'" -1.34 x 1O- 4 fm" (13) 

has been determined and from a global analysis of 
unpolarized Compton data, to whieh it eontributes in 
higher orders, one has found t.he so-ealled back ward 
polarizability to be [6J 

" = 11 + 12 + 2,4 

= (27.1 ± 2.2 ± 2.8) x 1O- 4fm4 , (14) 

whieh disagrees by as mueh as 50% with the most 
recent caleulations from ehirallagrangians [4J as weil 
as with dispersion relation analyses [7J , Clearly high 
precision measurements with polarized photons and 
polarized hydrogen targets are called for to resolve 
this low-energy spin puzzle, 
At the same time it has been come to be realized 
that a high resolution probe of nucleon structure is 
available, in principle , via the use of virtual Compton 
seattering-VCS-wherein virtual photons produeed 
from scattered electrons are scattered from a nucleon 
target into real final state photons. The outcome of 
such measurements is , in principle, a q2-dependence 
in the polarizabilities (usually termed "generalized 
polarizabilities" [8]), whieh can be thought of as the 
Fourier transforms of Iocal polarization densities in 
the nucleon. At the present time there exist approved 
VCS experiments at MAMI, at BATES, and at TJ­
NAF, The results of the first pioneering VCS ex­
periment at MAMI have been reported at Baryons 
98 [9J and agree very weil with arecent calculation 
[10, 11 J in chiral perturbation theory (ChPT), ruling 
out t.radi tional Born model analyses with resonances 
+ form factors [12J as weil as simple constituent 
quark models of the nucleon (e.g. [8]) . The Mainz 
analysis indicates that the q2-dependenee is governed 
by the low-energy dynamics of the pion cloud- which 
can be deseribed very precisely via ChPT - and con­
tains physics different from the standard monopole or 
dipole q2-variation of the Born models. Some aspects 
of this partieular q2-variation due to the pion eloud 
can also be seen in t.he linear sigma model [13J and 
t.he Skyrme model [14J . The advant.age ofVCS there­
fore lies in the possibility of an independent variation 
of photon energy and momenturn, thus enabling us 
to distinguish between t.heoretieal descriptions wit.h 
quite different dynamical content at finite q2- even 
if they all agree at q2 = O. 
In view of the intense interest in these quantities) 
we have revisited the (numerical) ehiral ealculation 
[10J of the 10 generalized polarizabilities of Guichon 
[8J and now managed to find closed form analyti­
cal expressions of their q2-dependence at V(p3) [15J. 
FUrthermore we have analyzed the leading modifica­
tion of the chiral V(p3) predictions due to explicit 
propagation of the first nucleon resonanee ~(1232) , 

utilizing the recently developed "small seale expan­
sion" formalism [16J . In eontrast to the Born models 
we only find a weak modification of the ehiral results. 
This work is presently being written up for publiea­
tion. 
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Chiral symmetry and the N 6-transition form factors 

G.C. Gellas", T.R. Hemmert, C.N. Ktorides" and G.I. Poulis" 
" Dept. of Physics, Univ. of Athens, Greece 

1. Introduction 

We have performed a ealculation [IJ of the 6N tran­
sition form facters at low momentum transfer t ;:: q2 
in an effective chiral lagrangian framework. In our 
ealculation a seale 0 = {p, m., ö} denoting, collec­
tively, small momenta, the pion mass and the Delta­
nucleon mass splitting is used to establish a system­
atic power-counting, thus telling us precisel)' which 
diagrams/vertices have to be included if we want to 
caleulate up to a certain order in <. This approach 
allows for an efficient inclusion of 6(1232) degrees of 
freedom consistent with the underl)'ing chiral S)'lli­

metr)' of QCD and is referred to as the "Small Scale 
Expansion" (SSE) [2], constituting a phenomenolog­
ical extension of Heav)' Bar)'on Chiral Perturbation 
Theory. So far, we have performed the caleulation to 
third order in < and in the process have also estab­
lished a new relation for the matching of the non­
relativistic microscopic calculation to the relativistic 
transition current. We find that the q2 evolution of 
the three complex form factors is completely deter­
mined b)' the dynamics of the nucleon's pion cloud 
governed b)' chiral symmetry. Finally, utilizing previ­
ous ealculations performed at q2 = 0 we discuss the 
role of relevant low energy parameters for the sought 
after multipole ratios EMR(q2) and CMR(q2). 

2. The 6..., N-t Vertex 

Demanding Lorentz covariance, gauge invariance and 
parity conservation the most general form of the 
6 ..., N-( radiative decay amplitude is described 
by three form factors Gi (q2), i=I,2,3, 

iM"N~ = 2A~N Ü(ph5 [GI (q2)C4<"- h") 
G2(q2) 

+--(p .<q" - p .'1<") 
2MN 

G3(q2) ( 2< )] 
+2(Mt> - MN) q .<'1" - q " 

xuÄ(Pt». (I) 

Here MN (M,,) is the nucleon (Delta) mass, p" ,PÄ 
denotes the four-momentulU cf the nucleoI1, Delta 
and qll, fll represent the photon four-momentum and 
polarization vectors, respectively. A SSE calculation 
of the radiative vertex to 0(03) entails a restrietion 
to O(I/MJ.} accuracy [2J. The calculation ofthe rel_ 
evant Fe)'nman diagrams must then be matched to 
Bq.(I), which is done in the 6(1232) rest frame [IJ . 
One finds that to 0«3) one is sensitive to the first 
two orders in the chiral expansion of GI, whereas the 
quadrupole form factors G2, G3 onl)' start at 0«3) 
and therefore only their leading behavior is deter­
mined in this calculation . Note that Olle has to intro-
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duce a particular mass dependence proportional to 
(M" -MN)- l accompanying the form factor G3(q2) 
in Bq.(1) in order to achieve consistency with the 
chiral 0«3) ealculation [I J. 

3. The Calculation 

The ealculation involves one-Ioop diagrams with 
0(0) vertices and tree level vertices up to 0 (e3 ) 

coming from four counterterms. Independent of any 
choice of gauge olle finds that even for finite q2 only 
two one-Ioop diagrams-the weil known 6 ..., N, 
tri angle diagrams [3J where the photon couples to 
two pions and the intermediate baryon state is nu­
cleon, Delta respectively- contribute to this order. 
Due to the fact that the 6 ..., N,' transition starts 
with a magnetic dipole amplitude MI, one finds no 
tree-level 0(0) vertex but has to take into account 
all 0(02) and 0(03) tree contributions. Matching the 
general expression of the 6N, ' vertex Bq.(I) to the 
I-Ioop chiral ealculation one obtains a representa­
tion for the three form factors whieh is valid at small 
momentum transfer. We note that each form factor 
has areal and an imaginary part as a direct Cons€­
quence of chiral symmetry [IJ. With the complete set 
of N6 form factors Gi(q2), i = 1,2,3 now known to 
0«3) we have also ealculated [IJ the MI, E2, C2 N 6 
multipole transitions of interest at recent electron­
scattering experiments at Bonn, Mainz and MIT­
Bates. For the moment we have utilized input from 
dispersion relation analyses [4J to get information on 
unknown couplings at q2 = O. The q2-evolution of 
the electric and coulomb multipole ratios EMR('12) , 
CMR(q2) is then obtained as prediction by SSE to 
O( <3). 
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The reaction pp -f ppq, and the validity of the OZI rule 

1( . Nakavama' , J.W. Durso' , J. Haidenbauer, C. Hanhart and J. Speth 

Recently the DJSTO collaboration presented results 
for thc cross sedion ratio (JPP-+PPr/>/upp-+ppw at l1ab 
= 2.85 GeV [lJ. The experimental ratio turned out 
to be about 8 times larger than the estimation based 
on the OZI rule. We carried out a model analysis 
of the DJSTO data with the aim of extracting the 
N N q, coupling constant [2J . Specifically we wanted 
to see whether the observed enhancement Qver the 
OZl estimate in the cross section implies agNN9 that 
is likewise enhanced and therefore at variance with 
the OZI rule . 
We describe the pp -f ppq, re action within a rel a­
tivistic meson-exchange model , where the transition 
amplitude is calculated in Distorted Wave Born Ap­
proximation in order to take the N N final state in­
teraction into account . (See Ref. [3J for the details of 
the formalism.) We do not consider the initial state 
interaction explicitly. Hs effeet is accounted for via 
an appropriate adjustment of the (phenomenologi­
cal) form factors at the hadronic vertices. 
In a previous study of the reaction pp -f pp;.;[3J we 
found that the dominant production mechanisms are 
the nucleonic alld wprr mesonic currents, as depicted 
in Fig. 1. We also found that the angular distribution 
cf the produced w meson provides a unique and dear 
signature cf the magnitude cf these currents, tlms al­
lowing one to disentangle these two reaction mecha­
nisms. The situation is quite similar for the reaction 
pp -f ppq,. In this case the nucleonic current and the 
~p1i-exchange current provide the dominant contri­
butions to the production amplitude[2J . Therefore, it 
is possible to fix uniquely the magnitudes of the nu­
cleonic and the meson-exchange current by analyzing 
the angular distribu tion of the q, meson measured by 
the DISTO collaboration[1J . Furthermore, since the 
N N I/> coupling constant enters only in the nucleonic 
cur~ent it is possible to extract its value from such an 
analysis. It is determined by the requirement of get­
ting the proper contribution of tbc nucleonic current 
needed to reproduce the angu lar distributions. 

2 

a) b) 

Fig. 1: wand tP meson production mechanisms: a) IlU­

cleonic current ; b) V p7r meson-exchange cur­
rent. 

T he parameters of the model (coupling constants, 
cutoff masses of the vertex form factors) are mostly 
taken over from the employed N N model. The q,prr 
coupling constant is obtained from the measured de-
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~' r-----~----------------------

Fig. 2: Angular distribution ofthe q, meson at 1)ab = 
2.85 GeV . The dashed (dash-dotted) curve is 
the result with the mesonie (nudeonie) cur­
rent alone. The solid curve is the total result. 
The data points are from Ref. [1], normalized 
as discussed in the text. 

cay width of q, -f P + rr. However , besides the gNN'; 
that we want to extract from the analysis, there are 
still some more free parameters: The cutoff mass of 
the q,p" vertex form factor of the meson-exchange 
current , and the form facter and tenser- to vecter 
coupling constant ratio I\,tP == fNN tP/9NNtP of the nu­
cleonic current (cf. Ref. [2J for details). Thus in or­
der to determine these remaining four parameters we 
need at least four independent q,.meson production 
data. In view of the more limited data set presently 
available , we decided to per form a combined analy­
sis of 1/>- and w-meson production . This means that 
we use the data from both reactions and we assume 
relations between corresponding parameters in the 
production amplitudes. Specifically, we assume that 
the form fac tors at the q,p"- and wp" vertices are the 
same. This is a reasonable choiee because the off-shell 
particles (p, rr) are the same in both cases. Likewise 
we assume that the form factor at the meson produc­
tion vertices in the nucleonic current are the same. 
The N Nw coupling constant is fixed to the SU(3) 
value , 9NNw = 9, based Oll gNNp of Ref. [4J. Further­
more we assume that "'<> = I\Wl as also suggested by 
SU(3) symmetry, and -0.5 :S "w :S 0.5. 
Concerning the data we use the total cross sections 
of Ref. [5J for the reactioll pp -f pp;.; and the q,­
meson angular distribution at 7lab = 2.85 GeV mea­
sured by the DISTO coll aboration [IJ. The latter 
is given wi thout absolute normalization in Ref. [I J. 
But since the DISTO group has also measured the 
ratio crPP -+PPt/J/ crpp-+ppw at this energy we can es­
timate "PP""PP'; by multiplying this ra tio with t,he 
total cross section for w-meson production interpo­
lated from the existi ng data. This yields a value of 
upp-tpp tP ~ 0.3 J1b. 
Our strategy for fixing the various parameters is out­
lined in detail in Ref. [2J. Here we only want to men­
tion that the lack of a more complete set of c1ata 
prevcnts us from aehicving a unique determination 
of 9N Nr:>' Rather we get a set of values whieh range 



from 9NN" = -0.163 to 9NN'; = -1.40. Neverthe­
less) it is encouraging to see that the extracted val­
ues all lie within fairl)' narrow bounds. This clearly 
indicates to us that the dependence on the model pa­
rameters is not ver)' strang, and that the Inagnitude 
of gN N9 is primarily determined by the experimental 
information used. 
The values of gNNi) obtained may be compared with 
those resulting from SU(3) Havor symmetry consid­
eratiolls and imposition of the OZI rule) 

9NN' = -3YNN p sin(",) 2" -(0.60 ± 0.15) , 

where the factor sinter,) is due to the deviation from 
the ideal w - q, mixing. The numerical value is ob­
tained using the values of gNNp = 2.63 - 3. 36[4J and 
er, 2" 3.8° . Comparing this value with the ones ex­
tracted from aur model analysis) we conclude that 
the preliminary data presentl)' available can be de­
scribed with using a N N q, coupling constant that is 
compatible with the OZI rule. 
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Polarization in the l'eaction N N --t N N 7r 

C. Hanhart, J. Haidenbauer, O. Krehl and J. Speth 

Recently we accomplished a comprehensive model 
calculation for pion production in llucleon-nucleon 
collisions [1]. In this model direct production, pion 
rescattering and contributions from pair diagrams 
involving heavy-meson exchanges are taken into ac­
count, see Fig. 1. Furthennore also production mech­
anisms involving the A(1232) are included explicitly. 
The amplitudes for the elementary re action processes 
are taken from weil established meson-exchange 
models for nucleon- nucleon and pion-nucleon sc at­
tering. 

., b, " d, <, 

Fig . 1: Pion production diagrams included in our 
model calculation. Note that those diagrams 
where the ß is exited after the emission of 
the pion are included as weil. 

For the first time all experimentally accessible re­
action channels (pp --+ pp"o , pp --+ d,,+, pp --+ 
pn,,+ and pn --+ pp"-) were investigated simultane­
ously and consistently in a microscopic model. Our 
model yields an overall satisfactory agreement with 
available data on total and differential cross sections 
from pion production threshold up to the Delta res­
onance region [1). As an example we show in Fig. 2 
the total cross-section for all four reaction channels. 
We have now employed our model for calculating 
predictions for various spin-dependend observables 
of the reaction N N --+ N N 7r. Such observables are 
particularly interesting because they refiect the spin­
dependence of the production processes and there­
fore should be very useful in discriminating between 
different production mechanisms. 
Analyzing powers for the reactions pp --+ pp"o , pp --+ 
drr+ , and pp --+ pm,+ were presented in ReL [1]. It 
turned out that our model predictions are in rather 
nice agreement with all available data in the thresh­
old region . This is a clear indication that our model 
reproduces the proper onset of lligher partial waves . 
Here we show results for some double polarization 
observables of the reaction pp --+ pp"o, namely 
the spin-dependent total cross section 8.,(fT / (ftor = 
-(A" + Ayy ) and the spin correlation coefficient 
Ax x - Ayy , as weil as the integrated analyzing power 
Ay , which have recently been measured at IDCF [2]. 
As expected the A( 1232) resonance plays a crucial 
role over the whole energy range. But also the 110n­

resOIlant production mechanisms contribute signifi­
cantly to these polarization obscrvables. Thus, our 
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Fig. 2: Results for the different re action channels. 
The solid line is the full result whereas for 
the dashed line the Delta contributions are 
switched off. 
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Fig. 3: Results for different polarisation observables 

for the reaction pp --t pp'lT"0. Curves as in fig­
ure 2. The data are taken from reL [2] 

results suggest that pion production ne ar threshold 
is an ideal testing ground for resonant and non­
resonant production mechanisms. Specifically polar­
ization experiments seem to be crucial to distinguish 
between different production mechanisms. 
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On the treatment of lV N interaction effects in meson production in N 1\' collisions 

C. Hanhart and K. Nakayama 

We elarify under what circumstances the nueleon­
nueleon final state inter action fixes the energy de­
pendence of the total cross- sect.ion for the reaction 
NIl' --) NNx elose to production threshold, where x 
can be any meson whose interaction with the nucleon 
is not too streng. 
In ref. [1] Watson argues thaI. if there is a st.rong and 
attractive force between two of the outgoing parti­
des, as is the case for the reactions under considera­
tion, the energy dependence of the total cross- section 
is determined by the phase space and the energy de­
pendence of the relevant attractive interactioll, Le., 

UNN-+NN. ()( J dp(q')IT(p',p'W 

()( J dp(q') (sin~(p')) 2 (1) 

In the above equation T(p', p') is the on-shell N N 
T- matrix, p the three particle phase- space and J(p') 
denotes the N N phase shifts at the energy, 2E(p'), of 
the final NN subsystem (here restricted to s- waves), 

" where E(p') == f,i;-, with m denoting the nueleon 
mass. Very accurate measurements for 1T production 
indeed proved eq. (1) to be valid. Several authors 
[2] concluded from this observation that it is appro­
priate to calculate the transition NIl' --) NNx to 
lowest order in perturbation theory and just include 
the final state interaction (FSI) by using a formula 
of the type in eq . (1); they implement the FSI by 
use of just the on-shell N NT-matrix, not only to 
get the right energy dependence of the cross- section, 
but also to get the strength of the matrix elements. 
In arecent preprint [3] we criticize this procedure. 
We shall demonstrate that the observation that the 
energy dependence of the cross-section is given by 
the on-shell FSI does not necessarily imply that the 
strengt.h of the matrix elements is also determined 
by the on- shell N N interaction. 
Based on unitarity alone one can rewrite the matrix 
element A that describes the N N --) NIl' x transition 
in the following way 

A(E,p') -M(E,p')e;6(p') (Sin(J(p'))) 
ap' 

x [ P + 1 - ~a7'op'2 - .. . ] , (2) 

where a and T o denote the scattering length and the 
effective range of the NIl' interaction respectively. 
All the off- shell effects are hidden in P , defined as 

ap' 1"" k2 !(E, k) P = --p dk~--'o-o~ 
K(p') 0 E - 2E(k) 

where 

!(E, k) 
T(p',k) M(E,k) 
T(p' ,p') lvI(E,p') , 

(3) 

( 4) 
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with M as the (short range) production operator, 
where the FSI was separated off [3] . Eq. (2) shows 
that the energy dependence of the amplitude is in­
deed determined by the on- shell NN parameters, 
as long as P does not introduce an additional en­
ergy dependence. This is the case as long as the N x­
interaction is considerably weak for small energies as 
it is the case for 'Ir production. Note, however, that 
the overall normalization is determined by the ac­
tual value of P. Since P is the overlap integral of 
the production matrix element and the final state 
T-matrix its value is model dependent. This obser­
vation calls for a consistent calculation of both the 
FSI as weil as the production operator in order to 
achieve physically meaningful results. It is this argu­
ment that shows the inapplicability of the methods 
presented in refs. [2]. 
A similar calculation thaI. leads 1.0 eq. (2) can be used 
to derive an expression that allows one to estimate 
the effect of the initial state interaction (ISI) on the 
reaction lV 1\' ---t lV I\'x, with x any meson heavier 
than the pion, in terms of the (on-shell) N N scat­
tering phase shifts and inelasticities. We derived the 
following suppression factor introduced by the ISI: 

A = l~e;6L(P) (71L(p)e;6L(P) + e- ;6L(p)) 1

2 

1 
= 7lL(P) cos2 (Jdp)) + 4[1 -1)dpW 

1 ? 
$ 4[1 + 1)L(P)]- . (5) 

The necessary assumption for the derivation of the 
above facto,' is that the ISI only weakly depends on 
the energy - this is not justified for the energies nec­
essary for pion production. At energies required in 
the initial state for 1) production, howe"er, the N N 
phase-shifts show only a very weak variation with 
energy and thus we expect the above formula to give 
a proper estimate of the effect of the ISI on the pro­
duction cross section. 
This work was supported by COSY FFE-Project NI'. 
41324880. 
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On the Inomentuln dependence of the reaction 1r - P -4 wn near threshold 

C. Hanhart"· and A. J(udryavtsev·" 

The reaction "-p --> wn near threshold was stud­
ied relativei)' long aga in refs. [I). The authors of 
those papers elaimed to have found an abnormal be­
havior of the production amplitude for this reaction 
near threshold that is not yet understood theoreti­
call)' [2). The conelusion was based on a comparison 
of the measured cross-section with the one for the 
production of a stable particle. To be concrete, the 
authors found that the production cross section is 
proportional to P' , instead of the expected P' de­
pendence, where p' denotes the momentum of the 
outgoing neutron in the center of momentum system. 
Recentl)' a behavior of the cross section analogous 
to the one of the reaction under discussion was also 
found in the reaction pd --> w 3 H e [3). 
The experiments listed above were all performed in 
an unusual kinematical situation: instead of measur­
ing the momentum distribution of the final state for 
a fixed beam energy, the excitation function for a 
fixed neutron momentum versus initial energy was 
measured. 
In our work [4) we analyzed the general expression 
for the production cross-section of unstable particles 
in near threshold binar)' reactions. We shall demon­
strate timt the dependence of the count rates on 
the outgoing center of mass momentum changes con­
trolled by an order parameter X to be defined below. 
We conelude that the behavior of the wn-amplitude 
is quite normal - it is a decreasing function of energy 
in the near threshold region. 
The cross section for the production of omega or any 
other resonance with finite width r is 

da /, r /2" 1 T(E, k) I' , 
- C< k dk 
dfl (p. ,t>.P) (Ehn - k2 /2fJ)' + r 2 /4 ' 

where Ekin = E - M - m We introduced for simplic­
it)' a Breit-Wiegner representation for the spectral 
densit)'. Here we already imposed the experimental 
condition of refs. [I) to constrain the outgoing rel­
ative momentum to values in a small band around 
some given P'. The range of integration, denoted by 
(xo, ~x) , is to be interpreted as an integration from 
Xo - 6.x/2 to Xo + ~x/2. 
It is easy to show, that the parameter that controls 
the momentum dependence of the count rates is 
X(P') == 2P'rt>.P . 

I' 
Let us discuss the different regimes and start with the 
situation typical for elose to threshold measurements, 
namely X(P') « I . In this limit it is easy to estimate 
the remaining integral as the denominator under the 
integral is practically constant. So we get 

2 p-'~P 
I (Eki.) "" ".r (y' - Yo)2 + I ' 

(I) 

where y' = p.2 / fJr and Yo = 2Ekin/r. The authors 
of refs. [l) additionally performed an integration over 
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the beam energy (still keeping p' fixed) to remove 
the width dependence from eq. (I). Indeed , since the 
spectral densit)' is normalized, integrating over the 
beam energy gives 

r dEkinI(Ekin) "" P-' ~P , 
J (Eo,t>.E) 

Therefore, we find a p.' dependence of the cO\;nt 
rates even for a constant matrix element . We thus 
conclude that the close to threshold matrix element 
for "N --> wN is to be constant elose to threshold. 
Let us now investigate the second limiting case 
X(P') » I . To estimate the phase space integral 
in this case we must distinguish separately two dif­
ferent cases: 
i)Consider the case, when the energy parameter Yo 
is just within the limits of the phase space integral. 
In this case I(Ekin ) "" J2fJEkin , as should be for the 
case of production of a stable particle. 
ii)In the opposite case, when Yo is not inside the lim­
its of integration, the integral is strongly suppressed . 
So in the case of a narrow resonance we get the usual 
energy behavior for the differential cross section. 
Note that the elassification of wide and nanow res­
onances depends on values of ~p and p' used in 
each concrete experimental setup. So the condition 
X(P') "" I determines the critical value of P;, for 
which the case of wide resonance transforms into the 
case of narrow resonance. So by measuring the count 
rate versus p. one may observe a transition from a 
p .. 2 behavior of the cross section at low p. to a linear 
dependence at high p' even for a constant matrix el­
ement. In the case of the omega this could take place 
at p,', = I1r /2~P "" 90M e V / c using ~P "" 20 Me V 
as specified in ref. [1). 
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Thc role ofthe rho·meson nucleon channel in pion pholo·production 

KNakayama, S.Krewald, I.Speth 

Recently. pion photo·production off nucleons has been 
investigated by many authors within meson·exchange 
models of the hadronic interaction which treat the final 
state interactions dynamically [I , 2). This approach re· 
quires the introduction of so·called formfactors at the 
hadronic vertices which account for the composite struc· 
ture of the hadrons. At present, tlle lack of theoretical un· 
derstanding of these venex form factors forces us to intro· 
duces phenomenological form factors of e.g. a monopole 
form: 

f( "') _ A;; 
q -A2+'" 

1T q 
(I) 

with a cutoff parameter Arr whieh is adjusted to the data. 
Values of A. = 300 .. .450MeV are found [1, 2). 
In calculations other than pion photoproduction, one 
needs values of Arr = 800MeV [3). 
The question arises why pion.photoproduction·is so sen· 
sitive to the form factors and why it needs so extremely 
soft form factors. 
We suggest lhat the coupling to the rho·meson nucleon 
channel may reduce the influence of the final stale inter· 
action. In order to investigate this point, we worked out a 
model for the p + N --7 11" + N transition potential which 
is summarized in Fig.1. In our present study, we omit the 
final state interaction within tlle pN channe!. 
In Table I we show the electric dipole amplitude, Eo+, 
forthe "(+1' --7 ,,0 +1' reaction at threshold. The contribu· 
tions from the individual diagrams displayed in t1,e lower 
pan of Fig.1 are shown separately. The columns (a), (b), 
(c), and (d) refer to the corresponding diagrams in the 
lower pan of Fig.1. The column labelIed "rest" sums the 
contributions of the other diagrams. One realizes tllat the 
coupling to the charged intermediate states, 11"+ N , gen· 
erates a panicularly strong final state interaction in the 
pionic sector. The coupling to the pN channel generates 
contributions which tend to cancel the pionie final state 
interaction, however. In the present calculation, a cutoff 
of A. = 800M e V has been assumed as suggested by 
ref.[3). The cutoff fort he pN intermediate states has been 
assumed to be Ap = 1300MeV. This numberis needed 
in order to reproduce the experimental cross seetions of 
pion photoproduction. The value Ap = 1300Mel1 is in 
line with what is expected from the nucleon·nucleon in· 
teraction. Quantitative results, however, require a more 
complete calculation than done herc. 
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Fig. 1: Diagrams contributing to the 11" N scattering po· 
tential (upper pan) and photo·production transi· 
tion potential Oower part). The solid lines repre· 
scnt the nucleon, dashed lines the pion, and wig· 
gle lines the photon. The internal solid lines may 
be either nucleon or c,· isobar, while the internal 
wiggle line represents p., w, or a,·meson. 

Table 1: Real pan of the EQ+ amplitude for the thresh· 
old 11"0 photo·production off a proton in units of 
10- 3 /711.0 . 

(a) (b) (c) (d) (resC) sum 

BORN ·1.26 ·1.26 0.66 ·1.85 
FSI.pion ·1.85 ·0.96 8.18 ·13.27 0.39 ·7.51 
FSI·rho 6.13 3.80 ·0.67 ·2.05 0.23 7.44 

SUM 3.02 1.58 7.51 ·15.32 1.28 ·1.93 



The "-p --> "o"on reaction in thc vicinity of thc 10(980) resonance 

Zisheng Wang, S.Krewald. J.Speth 

The ro - p --> "o"on reaction has been investigated re­
cenuy at Brookhaven using incoming pions with a 100-

mentum of hAB = 18.3Gel'/c [I]. In this reaction. 
invariam masses of the two-pion system up to 3 GeV 
have been investigated. For small momentum transfers 
between the incoming proton and the outgoing neutron, 
ule experimental cross sections show a dip in ule vicinity 
of the 10(980) resonance. whereas for larger momentum 
transfers, the data c1early show aresonance. 
If one assumes that the reaction mechanism is dominated 
by a one-pion exchange mechanism, the appearance of 
the resonance at larger momentum transfers cannot be ex­
plained [I]. A model independem panial-wave analysis 
of the ,,-jJ reaction suggests a possible role of the A, 
meson[2, 3]. A Regge pole model fit can indeed repro­
duce the resonant behaviour[ 4]. 
We analyse the reaction using a meson-exchange model 
assuming the following reaction mechanism: the incom­
ing proton is aJlowed to emit a vinual pion, a A, me­
son and a p. The vinual meson and the incoming pion 
are a1lowed to interact via meson-exchanges. The Jülich 
model for pion-pion scatteringand Kaon-Kaan scallering 
[5] has been generalized to the full SU(3) sector includ­
ing vector mesons using a bosonization of an underlying 
Narnbu-Jona Lasinio Lagrangian. We include p - W mix­
ing thus a1lowing for a smaJl violation of G-parity con­
servation. The off-shell T-matrix is generated by solving 
ule Bethe-Salpeter eq. 

where m and n denote vinual mesons. 
If one allows only one-pion exchange at the proLOn­
neutron venex, one gets a qualitative description of the 
data both for small and large momentum transfers, but 
in the vicinity of 980 MeV, one finds a dip in the cross 
section, as is displayed in Figs. 1 and 2. Cansidering the 
exchange of only an a, meson at the proton-neutron ver­
tex, a peak in the cross section is indeed produced at 980 
MeV. For momemum transfers below O;2(GeV/c)2, the 
magnitude of the peak is too smaJl to be seen in the cross 
section. Atlargermomentum transfers. however, the peak 
grows and can be recognized. 
The calculation shows that the a model based on a Kaon­
Antikaon structure ofthe 10 resonance is compatiblc with 
the recent two·pion production data. 
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Fig. I: The cross seetion for the reaction "-p --> 
"oroon , averaged for momentum transfers 1 t 1:5 
0.2(GeV/c)2 is shown as a function ofthe invari­
am two-pion mass. 
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Fig. 2: Same as Fig.l. but for for momemum transfers 
1 t I~ 0.4(Gel'/c)2. 



On pl'oduction of the 1J'-nleSoll in pp-collisions elose to thl'eshold 

V.BaruG,b, J .Haidenbauer!1 ,C.Hanhart!1 ,C, A.l(udryavt.sevG,b, J .SpethG 

It was shown long ago by Watson [IJ that in reactions 
of the type N N -7 N N x the energy dependenee of 
the total cross seetion should be determined by the 
strong NN interadion in t he final state (FSI), as long 
as the interaclion of the meson x with the nucleolls 
is eonsiderably weaker than the NN interaction. The 
argument is based on the observation that the me­
son production in NN collisions requires large mo­
mentum transfers of the order of VMN nl, leading 
to a production operator that is nearly energy in­
dependent. In what follows we will denote the en­
ergy dependenee introdueed by the N N inter action 
by UNN(E). 
Thus any deviation from uN,v(E) points to a sizable 
meson nucJeon interaction. Indeed , aseries of re­
cent measurements on 1J production in NN colJisions 
shows, that the 1JN interaction has a non negligible 
influenee on the energy dependenee of the total cross 
section leading to an enhancement of the cross sec­
tion close to threshold [2J. This influence ean be 
traeed back to the aUraetive N" interaction due to 
the presenee of the 511 (1535) resonanee. 
Reeently the total cross seetion for the reaetio n 
pp -7 ppry' close to threshold was measured for the 
first time [3, 4J. Espeeially the data of ref. [3J show 
an energy dependence that strongly deviates from 
the one given by UNN(E). However, instead of an 
enhancement elose to threshold the data shows a de­
pletion with respeet to upp(E). A natural conclusion 
from this would be that there is a repulsive 1N in­
teraction of significant strength. In the present work 
we investigate this question. 

X' .. ·, Xx 
, , 

b) 

KxxS< ' , 
•••••••••• 'l" ••••...••• ~" 

c) d) 

Fig . 1: FeYllmall diagrams tor the amplitllde of tlle 
reaclion pp --1 PP?,' . 

Since in this very first investigation we are only inter­
esteel in the energy dependence we use the following 
factorization ansatz for the transition matrix element 
pp -7 pp,,' [5) 

M=AiI'PSI, (I) 

where Adenotes the proeluctioll operator anel \11 PSI 

denotes the final state wavefunction. In principle 
olle would have to solve a Faddeev type of equation 
in order to treat WFSI properly. However, to get a 
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feeling for the elfect of the ,,'N interaction on the 
energy dependence of the cross sect.ion wc include 
the two particle interactions to lowest order only as 
depicted in figure 1. \:Ve are presently working on 
relaxing this approximation. Thus, the expression 
for il'PSI mal' be presented in the form: 

il'PSJ = 1 + (ßpp + iqdf;;'(qd 

+ (ß",p + iqI3)f,;:~ (qI3) 

+ (ß.'P + iq'3)f.;~(q'3)' (2) 

where ßpp and ß'1'P are cut-off parameters anel f;; 
and f;:~ are the on-shell pp- and l)'p-amplitudes. 
The inclusion of the Coulomb interaction is straight 
forward and deseribed elsewhere [5, 6J. To get this 
formula we used the following simple expression for 
the half-olf-shell amplitudes, 

j off (.. ) _ ql; + ßi/ /,on ( .. ) 
i; q'J,q - q'+ßij' pp q'J' (3) 

negleeting for the moment the Coulomb pp­
interaction. In case of the pp system we find ßpp ~ 

3/1'e/ /, where l'eJ J ~ 2.8 fm is the pp-effective range. 
Thus ßpp '" 0.2 GeV in our case. Note that eontrary 
to ßpp the value of ß.'P is not. known . If the range of 
l)'p-elfeetive potential is large, ß.,P may be of the or­
der of ßpp. If the range of the ry'p-potential is smalI, 
say just 0.2.;. O.4fm, then the parameter ß.,P will be 
much larger. We varied ß'1l p to study its influence on 
observables. 
For the 'I'p-amplitude f;~(q) we use the seattering 
length approximation, 

(4) 

where Q' = -1/a'1'I) :::; 0'1 - i0'2 is complex because 
of the presenee of absorption ("',2: 0). 
Our formalism contains four parameters, namely 0'1, 

0 ·2, ß,/,J-' and a normalization constant . For each set 
0'110'2, ß'1'P the normalization constant was chosen 
to provide a best x'-fit to the data. We eonsidered 
separateI)' regions of small (ß"p=2.5 /1) and large 
(ß.'p=5 /1) values for the range parameter of the ry'N 
interactioll, where J1 is pion mass. \Ve also consid­
ered separately regions of Sill all anel large 0:2, i.e. we 
eheeked the sensitivity of the fitting proeedure to the 
fr action of 'I'p-absorption. 
The function X'( "'I) for 0', = 0 has two separate 
minima. The first Olle, whieh is 3t 0 '1:::::: -250iHeV/c 
may be called a normal solution (I). The seeond so­
lution (11) eorresponds to extremely small values of 
0'" (al'" -30MeVjc) and henee to extremely large 
values of the ry'p-seattering length. We may eall 
this solu tion abnormal. Unfortunately this solu tion 
is outside the approximation we tlsed in this paper. 
Namely if both the '7'p. allel pp-scatlering lengths 
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pp FSI + phase space, Ih e dashed line C01'­

responds 10 Ihe besl X' Jor Ih e solulion I 
wilh "1 = -240Melllc, '" = 50MeVIc and 
ß",p = 2.51' . The curue J07' Ihe solulion II 
wilh " 1 = - 32Melllc and Ihe same values 
ßr}/p and 0-2 ;s almost identical 10 the curue 
Jor solulion I below Q = 5M eil and Ihere­
Jore not shown here. The experimental dala 
are Jrom R efs. [B) (md [4J. 

are large, we can not limit ourselves to the diagrams 
of Fig . 1 only but should sum up all sets of FSI­
diagrams. The behavior of the total cross seetion for 
seme specific values of Ql l 0"2, and ß'Il p is presented 
in Fig. 2 as a runction of the excess energy Q. Note, 
that a reasonable fit to t he data (X' '" 2) rar points 
below Q = 5101 eil with both options, the small and 
the large vaIueor ß ,Jl p1 can be achieved. The behavior 
of the total cross seetion above Q = 5M eil depends 
drast ieally on t he parameters used and tends to en­
hance the cross section in comparison to what follows 
rrom the fit without ~'p-FSI. We want to remark that 
the best X' fit ean be improved eonsiderabl)', if ei­
ther the lowest two points oe the highest point (at 
8 MeV I not shown in Fig. 2) are removed from the 
database. 

[n Fig.3 the pp-effeetive mass distribution rar Q=lO 
MeV is shown at special values of a l , 0 '2 and ß'1'P' 

Obviously, experimental information on this observ­
able in the region around 5 - 20M eil could be verl' 
useful for improving our knowledge on the 'lN inter­
action. 
o Instit.ut für Kemphysik , Forsdnmgszentrum Jülich 
GmbH, D~52425 Jülich, Germany 
b]nstit.ut.e of Theoretical and Experimental Physics, 
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How inlportant is the pN channel in 1iN scattel'ing? 

o. Krehl , S. Krewald and J. Speth 
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We have extended the Jülich "N/"N/"e../T/N cou­
pled channel model for 7rN scattering [IJ by adding 
the pN reaction channel. The potentials are calcu­
lated from an effective Lagrangian based on the one 
given by Wess ancl Zumino [2J. Chiral symmetry is 
realized in a nOlllinear way and the p and a j degrees 
of freedom are treated as gauge bosons in a local 
SU(2) x SU(2) symmetry. The e.., wand" degrees 
of freedom are added in a phenomenological way. 

The rrN ~ pN transition potential contains N and 
Da u-channel exchange and 'rr, wand al l-channel ex­
change diagrams. In addition, a rrpN N contact in­
teraction is taken iulo account, which emerges as a 
generalization of the Kroll-Rudermann 1r"lNN term 
in the picture of veclor meson dominance. 

The pN ~ pN potential is given by N u-channel 
exchange, p t-channe! exchange and a ppN N contact 
graph. Both, ppp and ppN N inter action are part of 
the Wess Zumino Lagrangian and arise from the fact, 
that the p meson is treated as a gauge boson. 

After a partial wave decomposition, the potential is 
iterated in a one dimensional coupled channel sc at­
lering equation. In order to ensure the convergence 
of the scattering equation, a monopole formfaclor 
has to be supplemented to each ver tex of a t- or 
u-channel graph. For the contact inter action we are 
using a formfactor of the form. 

where mj.J and Pi.! are mass and moment um of the 
meson in the initial and final state. 

All coupling constants in the rr N ~ pN and pN ~ 
pN potentials are fixed form other sources. The 9 
cutoffs in the formfactars are treated as free param­
eters in the fit to the experimental rrN partial wave 
amplitudes and the rrN ~ pN transition cross sec­
tions. The result of the fit in some rrN partial waves 
is shown in fig.1 and our description ofthe rrN ~ pN 
cross sections is displayed in fig.2 . 

The coupling to the pN channel improves the de­
scription of the rrN phase shifts especially in the 
partial waves P13 and P3J , ,'\!here the model without 
pN channel gives too much repulsion. This is demon­
strated in fig.1 where the solid (dashed) curves are 
calculated with (without) coupling to the pN chan­
nel. Fig.l also shows the importance of the pN chan­
nel c10se to threshold: at energies of about 1250M eV 
almost 50% of the Sl1 phase shirt is generated by the 
pN intermediate state. In this partial wave parity 
conservation forces the pN intermediate state into a 
relative S-wave where the centrifugal barrier is not 
present. Furthermore, in analogy to the photopro­
duction of pions, the most important contribution at 

97 

120 / 
~ 10 

-' 90 ",---

60 1.1 1 .2 

30 S" 
• 

0 

~ 0 
e? .-. 0) • Q) 

~ 
-5 

. 
"'" • 00' 

E 
P'3 

o. 

'" 0 

Q) 
0 

'" - 10 ---'" -<= a.. 
0 

• KA84 
o SM95 

-20 
,p>"~ 

P 3, .... .... .... 

-40 
1.11.21.31.41.51.61.71 .8 

E (Ge V) 

Fig. I: 1TN phase shifts in the partial waves SIl,P'3 
and P3 •. The solid line is calculated with 
the full model. For the dashed line, the pN 
channel has been switched off by setting 
Vn;N-tpN :::;: O. 

6.0 ,----...,-- ---,--., 

:0 

5.0 

4.0 

oS 3.0 
b 

2.0 

1.0 

0.0 
2.5 

• • Onp-lpp 

--_ .. -
t 

3.0 3.5 
s (GeV

2
) 

Fig. 2: The rr N ~ pN cross sections. Curves are 
calculated within the full model. 

these energies is the 'rrpN N contact diagram, which 
acts only in partial waves where the total angular 
momentum J = 1/2. In the P and D waves, the 
pN channel inftuences the rrN partial waves only at 
energies above 1300M eV. 
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A Microscopic Model for the "N N Formfactor in Time Ordered Perturbation Theory 

R. Böckmann', C. Hanhan, O. Krehl, S. Krewald, and J. Spelh 

The long range pan of the pion nucleon form faclor is 
generalcd by mesonic interaclions such as lhe ones il­
luslraled in Fig.l. Before interacLing wilh Ihe nucleon, 
a pion may couple 10 an intermediale pion-rho or pion­
sigma SI ale. 

~N r n)N n }N.o Nfrp,o p,o 
- --+ 6·-+ --

n 1t 6._ n 1t 

n 
N N N N 

Fig. I: Contributions 10 Ihe rrNN venexfunction 

A dispersion integral approach allows 10 delermine the 
venex funcLion for space-like momenturn Iransfers from 
the unitarily culS of Ihe intermediale processes[I). 

r(t) = 1 + 1 - m;! Im(r(t')dt' . (I) 
" (t-t')(t'-m~) 

Janssen el al. included the " - p interaction in Ihe cal­
culation of Ihe venex funclion. The form fac lor lhey ob­
lained [2) was harder lhan lhe phenomenological ones re­
quired e.g. in the analysis of pion-nucleon scanering and 
nucleon-nucleon scauering. 
In lhe presenl work, we have included lhe sigma-nucleon 
Slales explicilly and have based our work on time­
ordered penurbation tlleory. In contrasllo lhe frequently 
used three-dimensional reductions of lhe Belhe-Salpeler 
equation, such as lhe Blankenbecler-Sugar model, time­
ordered penurbation lheory does nOl suffer from a non­
uniqueness of lhe off-shell behaviour of Ihe seauering 
matrix. By employing time-ordered penurbation theory, 
one avoids unphysieal singularities whieh are introduced 
in some u-channel proeesses within the Blankenbecler­
Sugar model. The off-shell scallering matrix elemenlS 
generaled by time-ordered penurbation lheory are in 
many cases smaller than Ule corresponding ones oblained 
wilhin lhe Blankenbecler-Sugar approach. 
As inpul for the calculation of lhe "N N forrnfaclor we 
lake into account a eoupled channel "p - "q T-Malrix 
including rr, wand Al u-channel exchange diagrarns as 
weil as a q I-channel exchange in lhe 1fq scauering. Due 
10 ilS dominant contribution we restricled ourselves lO 
pion exchange in Ule lransition pOlential1fp --l 171f. 
The resulLs are shown in Fig.2. The conlributions lO 
Ule spectral funcLion, i.e. lhe imaginary pan of the 
fonn faclOr, are shown in lhe lefl panel. The dashed 
line eorresponds lO lhe uneorrelaled pion-rho interme­
dialc slale(second diagram in Fig.I). The inclusion of 
lhe reseallering diagrams (lhird diagram in Fig.l) en­
hanees lhe speClral funelion(doued line). The uncorre­
laled pion-sigma exchange by ilself is negligible(dashed­
doued line), as was found already in ref. [3). The inclu­
sion of Ihe eoupling belween Ihe rho-pion and Ihe sigma­
pion channel Slrongly enhances Ihe imaginary pan(solid 
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line), however. This effecI can be Iraced 10 the gradient 
coupling belween the sigma and Ihe pion field, 

r - J a -a~- ... L 1f1rU - -- J,1r 1r' 'j!'u ' 

2n1.;r 

The maximum of lhe spectral funClion coincides WiUI the 
pion 1f(1300). 
The righl panel of Fig.2 shows lhe corresponding form 
faclors f or space-like momenlum lransfers. One sees lhal 
the coupling between the sigma-pion and rho-pion inter­
mediale Slales leads lO a significanl soflening of Ihe mi­
croseopically calculaled form faclor. For comparison, a 
phenomenological pararnelerizaLion of the form faclOr by 
a monopole, using a cut-off mass of A. N N = 800M eil, 
is also displayed(shon-dashed line). The calculation in­
cluding only Ihe correlaled pion-rho exchange gives a 
form faclOr corresponding LO a cUl-off mass of AnNN = 
1500M eil (doued line). 
The pion-nucleon form faelor derived here agrees weil 
wilh phenomenological ones [4). 
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Fig. 2: The speelral funetion and form faclor for various 
contributions diseusscd in Ihe lexI 
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Off-shell behavior of the correlated ,,,, exchange in 1r N scattering 

O. I(rehl , S. Krewald and J. Speth 

One of the major problems in calculating correlated 
two pion exchange potentials for 7rN scattering via 
dispersion relations is the unknown off shell behav­
ior, because the dispersion relations only connect Oll 

shell amplitudes. But the off shell behavior is impor­
tant to know when the potential is iterated in a scat­
tering equation. Ta overcome this problem , we have 
followed a different way: We calculate potentials for 
sharp mass u and p exchange and incorporate the 
"" dynamics by the use of spectral functions. These 
speetral funetions can be calcuIated from the pseu­
dophysical N N --) "" amplitudes, which contain all 
the 1i1i dynamies. 
For the calculation of the correlated "" exchange 
in the (f channel we start with an interaction La­
grangian 

L 9 ... fJ - fJ" - ,'i"T' int = -2- 1,1f' TrU + gqNN ':l' ':J{(T 
mr. 

Vsing this Lagrangian and the standard decompo­
sition into an isospin even amplitude A+ (see e.g. 
rer. [1]) we get for the exchange of a fixed mass u 
meson: 

A+ -. - 9.NN9.", 2 " 1 F: ( ) 
2 P2P4,"t---2 • PI,P3 mr, -mo 

where we are using 
the notation N(Pt},,(p2) --) N(p3)1r(p4). The form-

1\2 m 2 

factor F.,p(PI, P3) == (,\'+(~' .,,;)')2 is needed when 
iterating the potential in a scattering equation. The 
potential can be construeted f,om this amplitude via 

V.(p,p',>.,X) == -xu(p' ,>")Atu(p,>.) 

I I mNmN' It ' l'dt t W lere X = (2r.)5 E
p

E
p

/2w
p

2w
p

l JS mu Ip Je 0 ge a 

potential suitable for the iteration in the framework 
of time ordered perturbation theory. Due to the use 
of a field theoretical approach the off shell behavior 
of this potential is fixed. 

We can now incorporate the width of the u meson 
- whieh we know is a parameterization of an inter­
acting pion pair - by requiring, that the u does not 
have a fixed mass. We therefore have to exchange a 
continuum of (j mesons with a continuous mass mq . 

Of course there has to be a weighting function, wh ich 
teils us how strong the exchange of a (j with a mass 
m. should be. This weighting function is the speetr.1 
function p( m.). The amplitude for the correIated "" 
exchange in the sigma channel can then be written 
as 

(1) 

with the normalizing condition 
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For construeting the spectral function we use the 
pseudophysical data on N N --) "" [2J . This reac­
tion is dominated by the "" final state interaction 
and therefore contains the information about the u 
spectral function. For this purpose, we express the 
the amplitude At in the N(q»N(q,) --) ,,(q3)"(Q4) 
channel in terms of so called Frazer Fulco amplitudes 
J, which are free of kinematical singularities [3J 

A+ -. - Y.NNg.r.r. 2 I' D (t) - _ 41r Jo (t) (2) 
2 q3 Q4", q - 2 + ' 

m ir Pt 

where Pt == )t/4 - mÄ< is the on shell momentum 
of the nucleon in the N N --) "" channel (where t == 
E') and D.(t) is the dressed (7 propagator, which 
contains the dynamics of the 1i1i inter action. It is 
related to the spectral function by 

p.(m.) == -Jm(D.(m~)) 

where we identify t = m; as the continuous (1 ruass. 
Solving eq.(2) for D. we get 

( ) __ 4,,/ (Jo ( 2))2m,(2Q~'Q4".)-1 
Pu mu - 2 1n + 1nq 

Pt 9urrr.9uNN 

After inserting this spectral funetion into eq.(I) and 
recalling that 2q~ Q4 ," = m; - 2m; we get 

On shell eq.(3) is the same as the amplitude used 
in rer. [1], where the factor -2p~P4," is replaced by 
t- 2m;, since on shell -2P~P4,1l = t - 2m;. However, 
off shell these amplitudes behave quite differently as 
can be seen in fig .1. Whereas in the Sll our sigma 
potential is of much shorter range (in moment um 
space), it is of much longer range in the Pll as com­
pared to the potential used in ref. [lJ. Furthermore, 
we don't have a change of sign in the Pll potential. 

The p exchange potential can be calculated in the 
same way. From the Lagrangian 

L ,'i,( Ji." " {)vJi.") 1 -", 
int = 9,,'*' "tjl'*'p - -2-ul1v '*'p -2 T '" 

mN 

+ 9p,r.($. x fJ"$,)$~, 

where K = 9J..., olle can calculate the amplitudes 
go 

B­p 

with Q == ~(p2 + P4). 

In the N N --) 1r1r channel, the amplitudes A - and 
B- are connected to the Frazer Fulco amplitudes in 



-6e-09 
0.0 0.4 0.8 1.2 

Polt (GeV) 
1.6 2.0 

Fig. 1: Half off shell (T exchange potential 
lI/LS(Pon,Po/J) for E = 1077Mell and 
A = 1150M ell. The solid line is eakulated 
with the P~P4." off shell preseription and the 
dashed !ine is ealeulated wi th the t - 2m; off 
shell behavior. For the on shell momentum 
Po" = 3.2NI ell both potentials agree. 

the following way: 

A;(t) = l:r P,9'x ('~ f~(t) - f~(t)) 
B;(t) = ~f.'.(t) 

where 9' = )t/4 - m; is the on shell momentum of 
the pions and x = cos( 0) is the seattering .ngle. 

The pN N eoupling eonsists of a veetor eoupling and 
a tensor coupling, which can be dressed differently. 
Therefore we have to assign two different propagators 
D~(t) and D~(t) to the veetor and the tensor part. 
From these propagators the speetral functions ean be 
eakul.ted and inserted in equations similar to eq.(I) 
for A; .nd B;. The result reads 

- ( )"Q J 2 1 1 A2"il" - - 3 PI + P3 . I' dmpt---2 -y- * 
- m p Pm; 

• ( ../2mN hn(f~ (m;» - 2Im(f~ (m;») Fp (P1, P3) 

J ? Im(f~ (mm 
B2• = -6../2 dffip ? Fp (P1,P3) 

t - ln;; 

This is almost the same expression as was calculated 
by the use of dispersion relations over the formfaetors 
f , and f 2 used by Höhler and Pitarinen [4J (see also 
the diseussion in [1]). The only difference is ag.in the 
factor (P1 +P3)"Q" in front ofthe integral. In rer. [IJ 
a factor 2p,q,x was used instead. This is on shell 
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Fig. 2: Half off shell p exchange potential 
lI/LS (Po",Po/J) for E = lO77Mell and A = 
1250M ell. The solid line is cakulated with 
the (P1 + Pa)"Q" off shell prescription and 
the dashed !ine is caleulated with the 2p,q,x 
offshell behavior. For the on shell momentum 
Pon = 3.2M eV both potentials agree. 

equivalent to (P1 + Pa)"Q". The differenee in the off 
shell behavior is displayed in tig.2. Again our poten­
tial is of much shorter range in the Sl1 and changes 
sign at PO/J "" 0.8Gell, whereas the difference in the 
Pll is smalI. 

Our method of constructing the potential for the cor­
related 11'11' exchange in the (T and p channel repro­
duces the on shell potentials eakulated via dispersion 
relations. However, due to the field theoretical start­
ing point the off shell behavior is weil detined and 
differs drastically from the one used in the disper­
sion theoretical approach. The consequences of these 
changes for the "N scaltering amplitudes are under 
investigation and will be discussed elsewhere . 
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Comments on the l'eactions PP -4 pl{+A and PP -4p]{+Bo 

A. Gasparian! ,J. Haidenbauer , C. Hanhart', L. Kondrat)'uk3 and J. Speth 

Recently the total cross sections for the reactions 
PP -4 pl{+ A and pp -4 p]{+ Ba were measured for 
the first time elose to threshold [IJ. The most inter­
esting aspect cf these Hew data is that at the same 
excess energy the cross sectien for the ~o production 
is about a factor of 30 sm aller than the one for the A. 
In principle, this strang suppression of the Ba pro­
duction can be understood if one assurnes that the 
hyperon production is soleI)' due to the K-exchange 
mechanism, depicted in Fig. I(b). In this case the 
ratio of BO IA production is essentiall)' given b)' the 
ratio of the coupling constants at the vertices from 
wh ich the K meson emerges, i. e. by g~NKIgÄNK. 
These coupling constants are not very weIl known 
experimentally. However) they can be inferred from 
SU(3) flavour symmetry - a s)'mmetry which, so far, 
has been rather successfully employed in investiga­
tions of reactions involving hyperons. Specifically ac­
cording to SU(6) this ratio is 1/27 [2J, a value which 
coincides almost exactly with the experimental cross 
section ratio. 

K" K" 

A,"E A~ P 
1t 

P P N P A,"E A(t') 

(a) 
~ 

(b) 

P A,"E A~ 

P P 
(c) 

Fig. I: Meclwnisms for the ,·eaction pp -4 pf{+ A/Bo 

None-the-less, most likely the contributions of the 
1I"-exchange mechanism (Fig. I(a)) to hyperon pro­
duction are not negligible. A simple estimation 
based on the experimental amplitudes of the ele­
mentar)' scattering processes (J{+p -4 1(+p and 
11"01' -4 I{+A , I{+Bo, respectivel)') shows that for the 
A production the 1I"-exchange contribution should be 
roughI)' a factor of 10 sm aller than the f{-exchange 
contribution [IJ. In the Ba channe! , however, ,,­
exchange might be indeed the dominant production 
mechanisrn. Furthermore contributions from direct 
production (Fig. I(c)) could be important as weil 
for both hyperon production channels [3J . There­
fore a pure I< -exchange model is certainly unrealis­
tic and a detailed microscopic calculation including 
all production diagrams and the full complexity of 
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the (AN - BN coupled channel) final state interac­
tion is required for achieving conclusive results . Such 
investigations are presently under wa)' in our group. 
As a first result we present here a simple calculation 
of the energy dependence of the total cross section 
utilizing the Watson model. In this case he produc­
tion amplitude AN N -+N KY is given by 

where Ty N is the amplitude of the hyperon- nucleon 
final state inter action, and Gy is a cOllstant that is 
determined by a fit to the experiment for each chan­
nel. Results for the Jülich model A [4J and the Ni­
jmegen model [5J are shown in Fig. 2. Note that 
in the actual calculatioll an effective range approxi­
mation is used for Ty N and only s-waves are taken 
into account. Coupled channel effects are, however, 
still implicitly included leading to complex effective­
range parameters for the EN inter action. Evidently 
both models yield an energy dependence that agrees 
quite weil with the experimental data (Fig. 2). 

1 also at: Moscow Engineering Physics Institute, 
115409, I<ashirskoe s.31 , Moscow, Russia 
2also at: Institut für Theoretische Kernphysik, Univer­
sität Bonn, D-53115 Bonn, Germany 
3Institute of Theoretical and Experimental Physics, 
117258, B.Cheremushkinskaya 25, Moscow, Russia 
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21r production close to threshold: via an inter mediate p meson? 

C. A. Mosbacher, O. Krehl, C. Hanhart, and J. Speth 

We investigate the two pion production in the reac­
tions n + p -? d (1m)0 and p + d -? 3He 11"+11" - elose 
to threshold. Corresponding experiments have been 
performed at LAMPF [lJ with a 1.46 GeV /c neutron 
beam, and by the MOMO group at COSY [2J with 
a 1.15 GeV /c proton beam. The deuteron spectrum 
(LAMPF) and the invariant mass distribution of the 
two pions (COSY) are measured, respectively. In 
these experiments) the production of 7r+7r- pairs was 
found to be dominated by a relative p- wave within 
the 211" system while the 11"0 .. 0 production seems to 
follow the phase space [3J . 
ln order to explain this different behaviour, C. 
Wilkin proposed areaction mechanism where first 
an intermediate p meson is produced, n + p -? pOd, 
which subsequentll' decal's into two pions, pO -? 

.. + .. - [4J. Three possible Feynman diagrarns for the 
po meson production in n + p collisions are shown in 
fig. 1. The p + d reaction is assumed to proceed in a 
similar wal' but with an additional spectator nueleon 
being involved. 

~:,~r d ~:1Ir d ~:';llr d 
pO 0 0 

p p ---

(a) n .;,; P (b) n p (c) n n p 

Fig. 1: Different p production mechanisms in the n+ 
p -? pO d reaction. The p meson subsequentll' 
decays into a 7r+7r- pair. 

With the beam momentum denoted by k'ab, the 
deuteron spectrum for the p-mechanism is given bl' 

cF" = _1_ M k2 Ap(sp) IMI2, (1) 
dkddfld (2 .. )2 k'ab d .. 

while the two pion invariant mass distribution is 
found to be 

~ = _1_ M ,;s; Ap(sp) Jp2 dpp dfl IMI2 
dTnn (2 .. )2 k'ab Ep " p dE p 

(2) 
where Torr = ,;s; - 2mn. The spectral function Ap 

of the p meson describes its decal' into two pions and 
is parameterized as given in reI. [5J . 
From eqs. (1), (2) one easily obtains the phase space 
for the p-production bl' assuming the matrixelement 
;\1 to be constant. Fig. 2 shows this phase space 
compared to the full three partiele phase space and 
10 the MOMO data [2J. It seems that the experiment 
strongly supports the hypothesis of an intermediate 
p meSOn . 
However, in the case of the n + p -? d ("11") reaction , 
the exp!icit calculation of the matrix elements corre­
sponding to fig. 1 l'ields a cross section ",hich is by 
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Fig.2: Experimental cross section du/dTn of the re­
action p+d -? 3He 11"+"- at kp = 1.15 GeV /c 
[2J. Dotted !ine: three partiele phase space, 
solid line: phase space for the p-mechanism 
(in arbitrary units). 

a factor of '" 20 smaller than the experimental value 
[6J. The suppression of the p-mechanism close to 
the 211" threshold is mainly due to the large energy de­
nominator of the p propagator at ,;s; '" 2mn. More­
over} the matrixelements do not show a strong de­
crease with energy. If one assumes the p-mechanism 
to be dominant at threshold, such a decrease would 
be needed in order to explain the completly different 
results in the ABC energy region (Js '" 2M",) where 
the pions are found to be in a relative s- wave rather 
than a p-wave [6, 7J. 
We draw the conel usion that the production of an 
intermediate p meson is most probably not able to 
e,.-plain the 211" production at threshold. Other mech­
anisms} e.g. the excitation of the Ropel' resonance 
N'(1440) as recently discussed in reI. [8], mal' be 
more important . 
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Study of LlLl excitations in the reaction n + l' --f d + 7r7r 

C. A. Mosbacher and F. Osterfeld t 

The deuteron spectrlll11 in n+p ---+ d+7r7r at kn = 1.88 
GeV /e and Bd = 0° is explained by considering a 6.ß 
excitation as the reaction mechanism [or tlle 2r. pro­
ductioll. \Ve study the influence oE intermediate ß.6. 
and tlN interactions on the spectrum. The angular 
distdbution oE the pions is predicted. 

1. Introduction 

Experimental measuremenls of the reaction n + l' --f 
d + 7r7r al neulron momenla of 1.88 GeV je [1] show 
a Iypical cross section slructure known as Ihe ABC­
effect [2] . The main features of this effeet can be 
explained by assurning a double Ll(1232) excitation 
10 be Ihe dominant reaction mechanism for the 27r 
produclion [3, 4]. Therefore Ihe n + l' ....; d + 7r7r re­
action allows us to study the inftuence of direct LlLl 
and LlN interaction polentials. The Feynman dia­
gram corresponding to the ßß mechanism is shown 
in fig. 1. 

1t 7t 
/ 

n p 

Fig. 1: LlLl excitation mechanism in the reaction 
n + l' ....; d + 7r7r. The shaded areas symbol­
ize the intermediateI::J.6, and I::J.N interactioß, 
respectively. 

2. Theoretical Framework 

In order ta incorporate the interaction dynamics of 
the LlLl syslem in a proper and efficient wal', we 
apply a coupled channel approach [5] deduced from 
Ll- hole models. The matrix elemenl is calculated 
using the source function formalism [6]. By means 
of detailed balance, the Iwo pions are considered 10 
excile Ihe LlLl system from the deuteron. The source 
function is defined 10 be 

where k11 k2 denote the momenta of the tWD pions. 
The operator 

(2) 

describes the pion absorption and exci tation of a Ll 
resonance (whereby st, Tt are the spin and isospin 
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transition operators, respectively). FUrthermore, 
Gt;.N in eq. (1) is the full propagator for Ihe inter­
mediate LlN system. 
The matrix-elemenl corresponding to the LlLl mech­
anism can now be written as 

(3) 

with Ihe full propagator 

1 
~t;.= . _. 

E + ~ (r(st;.,) + r(st;.,)) - Tt;.t;. - l't;.t;. 
(4) 

Here r(st;.) is the energy- dependent width of the 
Ll resonance. An equation analogous 10 (4) holds 
for Gt;.N. In particular, the propagators include 
the interaction potenlials l't;.N and l't;.t;., respec­
lively. Therefore, eq. (3) leads to a system of coupled 
integro-differential equations, which can be solved in 
an efficient way with the Lanczos method [6]. The 
interaction potentials (as weil as the transition po­
tential l'NN,t;.t;. in eq. 3) are conslructed within a 
meson exchange model [7]. The exchanged mesons 
taken into account are the pion (7r), the rho (p), the 
omega (w), and the sigma (u). The parameters of 
the potentials are the coupling constants, cutoffs and 
meson masses given in Table 1. 

1...=. !....tt..&,. !";.AO A.[GeV] m.[MeV] 
7r 0.08 0.32 0.0031 l.l 138 

P 5.4 21.6 0.286 1.4 770 
w 8.1 - 8.1 1.7 783 
u 6.9 - 6.9 1.6 580 

Table 1: Parameters for Ihe meson exchange model 
of the inter action potentials. 

3. Results and Discussion 

Fig. 2 shows the result of our full model calculation 
compared 10 the experimental deuteron speclrum for 
Bd = 0°. The overall agreement is very good. The 
cross sectiOll exhibits characteristic enhancements at 
missing masses elose to 2m 1T (corresponding to max­
imal and minimal deuteron recoil momentum in the 
laboratory frame) and at the largest missing masses 
possible (the central peak). This structure can be 
easily underslood as follows [3]. Let us define 

J( = k1 + k2 , k = k1 - k2 , (5) 

where k1 , "" denote the four-momenta of Ihe two pi­
ons. The LlLl mechanism is most efficient if both Ll's 
are on-mass shell, which requires 
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Fig.2: Theoretieal result for the n+p -t d+ 1I"1I" cross 
seetion (full !ine) and experimental data [IJ 
at k;, = 1.88 GeV /e and (Jd = 0·. The dashed 
!ine shows the phase space. 
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Fig. 3: Angular distribution of the two pions in the 
deuteron rest frame, given as a function of 
cos((J~) = k . k". 

This eondition is equivalent to kd . k = 0 and ean be 
satisfied in two ways : 

1. k = 0 and henee JK'i = M. rr = 2m .. or 

2. kd = 0 in the rest frame of the two pions. 

In the latter ease, the 21T CMS is identieal to the rest 
frame of the deuteron and henee the overall CMS. 
The two pions pick up the whole kinetic energy whieh 
means M rrrr = max. This leads to the high mass 
enhancement whieh eorresponds to the anti-parallel 
decay of the two .ä,'s, while the low l11ass enhance­
ment (k = 0) corresponds to the parallel deeay. 
These two different kinematical situations are also 
manifest in the angular distributions shown in fig . 3. 
For kd = 1.5 GeV /e (in the lab frame) , the pions are 
emitted back 10 back and any angle between k and 
the beam axis is kinematically possible. The shape 
of the cross section reflects t.he spin-structure of the 
c,c, excitation [5J. For kd = 1.1 and 1.9 GeV /e, the 
pions are emitted nearly parallel and have identical 
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Fig. 4: Influenee of the c,t. and t.N interaction po­
tentials. 

energies, hence k is dominantly perpendieular to the 
beam axis. 
Fig. 4 demonstrates the influenee of the t.N and t.c, 
interaction potentials in our model calculation. The 
result for V = 0 (dashed-dotted line) c\early shows 
the three peak structure as discussed above. The 
potential Vt,N is attractive and thus results in even 
more pronounced peaks (dashed line) since it sim­
ply lowers the overall excitation energy. Indusion of 
Vt,t" however, leads to aredistribution of strength 
from the peaks towards the kinematical less favored 
situations between (solid !ine). This is the case be­
cause the optimal configuration with both t. 's on 
mass-shell can now also be reached if the initial mo­
mentum distribution was asymmetrie. 
Ta summarize we have shown that 1. the t.t. exci­
taUon is the dominant reaction mechanism in the 
np -t d + 1T1T two pion production at k" = 1.88 
Ge V / c, and 2. the intermediate t.c, and !'!.N inter­
actions play an important Tale in this reaction which 
therefore may serve as a tool for closer examina ti on 
of the interaction potentials. 
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The d{"He,t) charge exchange reaction in the 6. resonance region 

C. A. Mosbacher 

We adopted the theoretical model of ref. [I], origi­
nally designed for the d(p,n)X reaction, in order to 
calculate inclusive triton spectra in the d('He,t)X 
charge exchange reaction at THe = 2 GeV. This was 
accomplished by introducing an additional formfac­
tor for the 3He- t transition at the projectile vertex. 
From a three--body Fadeev calculation [2], this form­
factor is obtained to be 

where in the spin- longitudinal (spin- transversal) 
channel "0 = OA06 (0.567) fm2, '" = -0.014 (0.036) 
fm2 and "2 = 0.036 (0.043) fm4 , respectively. If 
(w, ij) denotes the four-momentum transfer to the 
target, then t = w2 - ij2 in eq. (1). 
Possible final states in the 6. energy region are X = 
2p, X = 1fd and X = 1fNN. The feynamn diagrams 
for the different reaction mechanisms are shown in 
fig. 1. Special emphasis is given to the residual inter­
action in the excited 6.N intermediate systems which 
is included in all orders. The corresponding potential 
VßN is constructed in a meson exchange model with 
1f, p, w, and" exchange taken into account [1, 3J. 
In fig. 2 the result of our calculation is compared to 
the preliminary experimental data [4J. The overall 
agreement is very good. Both the quasi--<llastic peak 
and the 6. resonance peak are described correct1y, 

p p 

(a) 

d 

(e) 

(h) 

, , 

(d) 

Fig. 1: Reaction mechanisms in the model calcula­
tion: (a) impulse approximation, (b) p-wave 
rescattering, (c) coherent pion production, 
(d) quasi- free pion production. V"N denotes 
the residual inter action in the 6.N interme­
diate system. 
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Fig. 2: Inclusive triton spectra d2u/dE,dfl, in the 
reaction d(3He,t) at THe = 2 GeV and scat­
tering angles (Jt = 0°,2° and 4°, respectively. 
The theoretical result (solid line) is shown as 
a function of the energy transfer w = EHe - E, 
to the target . The histogram represents the 
preliminary experimental data [4J. 

and the right angular dependence of the cross section 
is obtained. Minor deviations are probably due to 
the neglection of non- re sonant pion production and 
s~wave rescattering. 
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Diffl'active production of Sand D-wave vector nlesons 

LlvanovG,b, N.NikolaevG,c 

Diffraetive virtual photoproduetion of veetor mesons 
"I. + P --+ V + p' , V = po,w,4>.J/Vi,'T, 
in deep inelastie seattering (DIS) at small x = 
(Q2 + m~ )/(W2 + Q2) is a testing ground of ideas 
on the QCD pomeron exchange and light-eone wave 
function (LCWF) of veetor mesons ([I, 2]). Though 
theory provides a reasonably accurate qualitative de­
scription of the phenomena observed, at some points 
theoretieal predictions seem to systematieally devi­
ate from experimental data. In partieular, such dis­
erepaney in the value of R = UL /UT (L and T stand 
for the longitudinal and transverse polarizations) has 
been a long-standing problem. Undouhtedly, the 
predietive power of theoretieal ealculations is lim­
ited by our inability to treat non-perturbative effeets 
dynamically, however, other sources of disagreement 
ean lurk either in the theoretieal approach used or in 
the data analysis. 
One step in this direction has reeently been made 
in [2]. where the assumption of the exact s-ehannel 
helieity eonservation (SCHC), implieitly used in ex­
perimental data analysis, was brought under thor­
ough investigation. The full set of helieity am pli­
tudes for transitions IL --+ VL " L -t VT, Ir --+ 
VT , Ir --+ VL was obtained and significallt s-channel 
non-conserving effect.s weee observed . 
In our research we went further and considered an­
other issue, which needed to be improved. Namely, 
the above approach treated a vector meson as a qij 
Fock state and used to implement the V ijq ver tex 
in the form f v V"ü'Y"u. Strietly speaking, this type 
of vertex, being an unjustified assumptioll, does not 
reflect the true internal structure of a veetor me­
son LCWF. In other words, this spinor structure 
deseribes neither pure S nor pure D-wave vector 
mesons. 
Investigating this issue, we fouod the way to describe 
the diffractive production of Sand D-wave veetor 
mesons and derived the full sets of helieity ampli­
tudes in both e"'!es. 
A general helieity amplitude of a veetor meson 
diffractive produetiOll is proportional to 

where k and " are the internal loop momenta of the 
quark loop and gluon ladder loop eorrespondingly 
and 6. is the momentum transfer. Integration over n. 

together with :F(o:, ".I., Ll..I.) results in the gluon den­
sity. With an appropriate ehoiee of k , the first inte­
gration in the above expression can be transformed 
into integral over dk, where k is in fact the relat ive qij 
momentum in the vector meson frame of eeference. 
The only thing by whieh various helieity amplitudes 
differ is the integrands IbO --+ 11). 

To make the new featu res of these amplitudes more 
prominent, we eonsidered the heavy meson ease (J /1fJ 
or 'T). In this ease, the LCWF of the veetor meson 
whieh enters IbO --+ V) varies on a hadronie seale 
Ikl - Ri/ «mv· This means that quarks inside 
a meson can be safely eonsidered non-relativistic, al­
lowing one to perform the twist expansion in zt = 
m~ + z(1 - z) Q' and analyze the twist structure of 
the amplitudes. 
We found that in the ease of S-wave veetor mesons, 
the twist hierarehy repeats that when the V ijq ver tex 
was naively taken in 111- form . However, the quantity 
UL/UT differs now from the simple Q2 /m~ depen­
dence. 
The similar analysis of a D-wave veetor meson uo­
covers a number of eompletely novel features. It 
turns out that after angular averaging over k, the 
leading eontributions eaneel out in all amplitudes. 
Though the reason for such a behavior is quite obvi­
ous, the result is that the lügher twist eontribution 
begin to playa emeial role in Q' dependenee of D­
wave amplitudes. 
N amely, first of all , we found that all four amplitudes 
become comparable) contrary to the situation known 
for the rp. type of ver tex \Vhen spin conserving am­
plitudes dominate. 
T hen, we found that 

. Ql( m~) IbL --7 VL ) oe '"1 · -5 1- 8
Q

, , 
jv, 1 . + my 

IbT --+ lIT ; Al' = A,) oe (1 + 1: mt: Q') , 
thus making Q' dependenee of the U Li UT ratio 
highly non-trivial. Finally, it is seen that longitu­
dinal transition amplitude changes its sign at mod­
erately large Q2. 
Such a bouquet of \lew effeets looks very intriguing 
and deserves further careful investigation. In par­
tieular, it would be interesting to analyze the truly 
relativistic p system. 
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SECONDARY REGGEONS IN DIFFRACTIVE DEEP INELASTIC SCATTERING - THE 
MICROSCOPIC QCD EVALUATION 

W. Schäfer, N.N. Nikolaev 

The seeondary Regge trajectories (I, w, p, A 2 ) are 
weil known from the phenomenology of soft hadronic 
reactions at high energies. For example the cross 
sections for processes that involve the exchange 
of non-vacuum quantum numbers are governed by 
the t-channel reggeon~exchanges and exhibit an 
energy dependenee Iike d<1ldtl,=o 0: (slso)U"", 
with an almost universal intercept ßR ::: -0.5. 
Hadronic total cross sections are weil described 
by Regge-parametrizations of the form <1,o,(ab) = 
<1IP(slso)'''' + <1R(S/SO)'" with ER ~ -0.5,EIP ~ O.l. 
Also for the inclusive haclronic reactiolls there ex­
ists a sueeessful Regge-phenomenology [1], whieh 
has reeently been extended to diffractive DIS[2, 3J. 
For diffraetion dissociation of the hadronie projee­
tile ap -+ pX the large Regge parameter is l/xIP = 
slM' , and there appear the forward scattering am­
plitudes for aIP -T aIP I aR -T aR, as well as an 
interferenee amplitude aIP -+ aR. In DIS the pro­
jeetile a is the virtual photon " and one readily 
introduces the pomeron and reggeon structure func­
tions F2IP,R(X, Q2) = Q2 I( 4"'o ,,n) . <1h' IP , R) and 
the interferenee strueture funetion F'RIP(X, Q2) = 
Q'/(41T2a em ) . Eh' R -+ , 'IP). For XIP > 0.1 
the secondary traject.ories take over, and the ef­
fective intercept ß ej f, that parametrizes the local 
XIP behaviour approaches the pomeron intercept for 
XIP -+ 0 anel deereases in the region of large XIP > 0.1 
where the secondary exchanges dominate. Such a be­
haviour has been seen by Hl in diffraetive DIS [4J . 
Not much is known in the literature about the im­
portance of the pomeron-reggeon interference term: 
Triple-Regge fit s to hadronie data are not eonclu­
sive. If one adopts the naive point of view that 
one ean attribute the hadronie (particle-) state vee­
tors to the pomeron and reggeon one may be mis­
lead to conclude that such interferenee amplitudes 
should vanish. For the orthogonality of state vec­
tors (RIIP ) = 0 im plies vanishing parton number 
and momentum int.egrals [2, 6L wh ich suggests a 
strong suppression 6f such interference SF's. How­
ever we could demonstrate, that such a reasoning is 
not borne out by pQCD. In a DGLAP approxima­
t ion we obtai n the following result for the diffraetive 
structure funetion [5J: 

Fi'(3)(XIP, ,6, Q2) 0: ß( 1 _ ß)20~ (Q2) 

1 
-, CF - I' x I}IPG(XIP,Q-) + I}R

21TaR 
XIPV(XIP,Q') 

-? .,-., 
where the hardness seale Q- = (m. + kl)/(1 - ß) 
and for large /3 one is safe in the pQCD domain 
[8J. Let us diseuss the salient features of this equa­
t ion: first we see BOW explicitJy that there are no 
extra suppression facters whatsoever for the RIP­
interference. It enters in the maximal possible way. 
Seeond, the ß - dependenee is a universal (1 - .6)2 
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for the pomerOll, reggeon and the interference struc­
ture function. In particlllar, the reggeon structure 
funetion differs from the common theoretical guesses 
F2. ~ (1 - ß) for the pion struetu re funetion in the 
large ß region. Third we eneountered the manifest 
leading twist effeet. For the longitudinal photons 
there will emerge the twist four effeet in mueh the 
same way as it was diseussed first by Genovese et 
al.[8J for the pomeron. Fourth our knowledge of the 
valenee and gluon strueture fun ctions implies that 
the result is in the correct order in magnitude with 
what ean be expeeted from the analysis of the Hl 
data [2, 3J . 
A final comment on possible applications is in order: 
the theoretieal understanding of the reggeon and in­
teferenee contributions has important impact on the 
theory of the nuclear shadowing of the valenee quark 
densities, a topie which has not been adressed before. 
Viee versa the phenomenology of nuclear shadow­
ing put.s much eonstrai nt on the diffractive produc~ 
tion mechanisms. For inst.ance we have found that 
the mueh diseussed hard gluon dominated pomeron 
favoured by the DGLAP fits to the HI data yields an 
unaeeeptably large shadowing of the deu teron gluon 
density [9J. A different option for the pomeron strue­
ture function where quarks and gluons share the mo­
mentum of the pomeron in about equal fractions , 
as it emerges from the eolour dipole eakulat ions of 
Nikolaev and Zakharov, (whieh are ineorporated in 
the above presented evaluations of the pomeron con­
tribution) gives the eorreet amount of gluon shadow­
ing. 
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00 the E866 Drell Yan data change our picture of the chiral structure of the nucleon ? 

N.N. Nikolaev , W. Schäfer, A. Szczurek(Cracow), and J. Speth 

The violation of the Gottfried Sum Rule discovered 
by the NMC collaboration at CERN in muon deep 
inelastic scaUering [IJ opened the long ongoing dis­
cussion on the Ci - ii asymmetry in the nudeon. Ex­
tending and following t.he early work of Sullivan [4], 
the asymmetry can be naturally explained within the 
framework of the isovector meson c10ud model of the 
nucleon (for recent reviews see [5, 6] and references 
therein), wh ich uniquely predicted the asymmetry 
to be placed at large x , in good agreement with the 
early NA51 Drell-Yan experiment [2J . In the prac­
tical evaluation the dominant contribution can be 
interpreted as due to the admixture of the ToN and 
Tot; Fock-states in the physical proton. 

Arecent E866 experiment at Fermilab [lOJ has re­
ported the first high precision mapping of the x­
dependence of the ii - d asymmetry from the com­
parison of the pp and pd Drell-Yan production with 
the striking finding that the difference of the ii and 
d distributions seems to vanish at large x ;::, 0.3 
Such a behaviour was not predicted by the earlier 
meson eloud model calculations (see e.g. [5]), and 
thus it calls for a more thorough investigation of the 
finer details of the meson-nucleon Fock state wave 
functions . 

In an extensive analysis [7} we have revisited the 
evaluation of the pionic mechanism of the ii - J. 
asymmetry in the proton structure function. As 
in earlier work [8, 9J our strategy is to cxploit the 
e10se relationship betlVeen the hadronic pp -) hX 
(h = n, ß, rr) and deep inelastic 'Y'p -) hX inclusive 
production of forward hadrons. The parameters of 
the nonperturbative production mechanisms (1i I p, Q2 
-exchanges) in DIS are determined through an anal­
ysis of the corresponding hadronic reactions. 
Here we improve upon the earlier work in several 
aspects: for example we treat the P, a2-exchanges 
as reggeized , which is more appropriate t.han the 
partiele-exchange form alism used in [9J. Apart from 
allowing a better description of the hadronic inelu­
sive productiol1 , there is another crucial property 
of the secondary Reggeon exchanges with intercept 
0-(0) "" 1/2 (e.g. p, ao). As is argued in [7], de­
spite of the important role of the P, Q2-exchanges in 
the population of the nX I b,.X inclusive channels , the 
opening of the n~Y and ~x intermediate states via 
Reggeon exchange leads to a negligible contribution 
ta hadronic total cross section and/or the structllre 
flIntions in DIS . This emerges as a consequence of 
the uni!.arity relat ion (the extended AGK [I1J rule) 
and the specific Regge-phase. As a consequence, the 
isovector Reggeon contribution to the Gottfried Sum 
Rule violation is also negligible. 

There is another issue, whieh dicl not receive due at­
tention in the previous work. The applieation of the 
Regge phenomenology to the production of forward 
neutrons and /:). 's only allows to const.rain the large-

z behaviour of the relevant vertex-functions (z is the 
fraction ofthe proton 's lightcone-momentum carried 
by the struck meson). For the region of sm aller zone 
must look into another constraint, hefe the light-cone 
wave fllnction formalism ofters an intimate relation­
ship between the f1ux of mesons originating from a 
meson-baryon MB-Fock state and the correspond­
ing Rux of baryons. Clearly, if fM /B(zM) denotes 
the probability to find in t.he MB-Fock state a me­
son M carrying the (Iight-cone) momentum fraction 
ZM and if JB/M(ZB) has the analogous meaning of 
finding the baryon B, carrying moment um ZB, it 
must hold true that fM/B(z) = fB/M(l- z). Fig­
ure (1) shows that the earlier cakulation [9J leads to 
a quite dramat.ic overprediction of the forward pion 
production cross section. We show also the resll lt.s 
for several options for the rrNN -Formfactor, which 
resolve the contradiction . In figure 2 we show our de­
seription of the inclusive neutron production , whieh 
includes in addition to the pion exchange also the 
background eontributions from the reggeized p, a2 

exchange and from two step processes p ~ 6. ~ n. 
A very good agreement is found , this is also true 
for the pl - dependent in~lusive spectra not shown 
here [7J. Due to a lack of precision data, the pa­
rameters of the 1i N ß -vertex cannot be detrmined 
in a satisfaetory manner, However one may relate 
the p, Q2-exchange background contributions in the 
inclusive neutron and ß channels. This allows one 
to put some constraints on the strengt.h of the rrß­
Fock state contribution . Having determined the rel­
evant parameters in this manner I one may proceed 
Lo the calculation of the d - ii asymmetry in the pro­
ton strueture function , whieh is entirely exhausted 
by the nonperturbative rrN and Toß Fock state con­
tributions. In Fig.3 we display d(x) - u(x) as ob­
tained in the present analysis and eompare it to the 
recent result ofthe NuSeacollaboration [10J . The Toß 
contribution (dashed line) becomes important only 
at rat her sm all values of Bjorken-x which is due to 
rather soft form factor as suggested by the analysis 
of leading ß isobars. Our analysis dearly demon­
strates that it is possible to construct the pion flux 
factor consistent with both hadronic and Drell-Yan 
data, provided the background proeesses in hadronic 
reactions are taken carefully inta account. 
Let us finally comment on the violation of the Got­
tfried sum ruie. \\'e obtain a !lumber of pions in the 
proton in the ToN Fock state of n.N = 0.21 -;- 0.28. 
For the rrß Fock sta te, we estimate nr.6 = 0.03. 
For the Gottfried integral we obtain correspondingly 
SG = 0.215 -;- 0.247. The \'alue reported by NMC is 
SG = 0.235 ± 0.026 [lJ which is perfecUy consistent. 
with ou r result. 
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Fig . 1: 

z 0.8 

Differential cross section zdl1/dz(pp -+ 71"0 X) 
at PLAB = 400 Ge V jc. The dala are laken 
from [12]. Th e dotted curve shows a pre­
diction of (he model [9j. The solid curves 
wer€ calculated with a 'Gaussian' f01'm fac~ 

lor Fr.NN(t) = exp(- [Rb(t - m~)l'). The 
curves in Ih e figure correspond to Rb = 
1.0 ,1 .5, a,nd 2.0 Ge V-' (from top to bOllo",), 
The dashed curves we,-e calculated willi an ex­
ponenlial form factor Fr.NN(t) = exp(R~(t­
m;,)), The curves in Ih e figure are fo,' R~ = 
1.0,1.5, and2,0 GeV-' (from lop 10 ballam). 
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Fig . 2: In variant cross section JOI' the 1-eaclion pp ----* 
nX as a function of z for pi = 0, The lang 
dashed cw've shows the contribution !rom lile 
pion exchange; fhe dotted curve is fhe p,O,­
exchange contribulion, and the dashed curve 
shows tlle contribution /rom tlle huo-slep pro­
cess p -+ Ll. -+ n , In "ddilion we p"esent tlze 
sum of Ihe Iwo background conli'ibulions as 
Ihe dol-dashed line. The solid curve repre­
senls Ihe " um of all componenls , The exper­
imental dala are taken from [13j. 
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Diffl'active vector lneSOnS beyond the s-channe l helicity conservation 

E.V. Kuraev'), N.N. Nikolaev ',3) and B.G. Zakharov3) 

Diffractive production of vector mesons , . + P -+ 
If + p', If = Po, W,,p, J Iw, 1, in deep inelastic scat­
tering (DIS) at smatl x = (Q' + m~ )/(W' + Q') is 
a testing ground of ideas on the QCD pomeron ex­
change and light-cone wave function (LCWF) of vec­
tor mesons ([1, 2, 3, 4, 5], for the recent review see 
[6)). It is a self-analyzing process because the helicity 
amplitudes can be inferred from vector meson decay 
angular distributions. The published experimental 
data analyses suffer from an unwarranted assump­
ti on of an exact of s-channel helicity conservation 
(SCHC) [6], which needs a theoretical scrutiny. 
We report here a derivation of the futl set of helicity 
amplitudes for transitions "IL --t IfL, 'YL --t IfT.)'T --t 
1fT, "Ir --t IfL for alt flavours and smatl to moderate 
momentum transfer 6 within the diffraction cone. 
We find substantial s-channel helicity non-conserving 
(SCHNC) eflects similar to the SCHNC LT interfer­
enee found earlier by Pronyaev and two of the present 
authors (NNN and BGZ) for diffraction "I'p --t p'X 
into continuum states X [7J . 
We treat vector mesons as qij states wi th the \I ijq 
ver tex f v Ifpii,pu, fv is related to the radial LCWF 
of the qij Fock state of the veetor meson as 

f ( k7) _ fv(z, k) VJ \' Z , - _ , 
D(m~, z, k) 

(1 ) 

where D(k') = k' + m~ - z(1 - z)m~. The 

corresponding quantity for photons, 1/>~(z, k) = 
1/ D( -Q' , z, k) only differs by t he substitution 
f~(z, k) = 1 and ml, --t _Q2 The standard Su­
dakov technique leads to virtual photoproduetion 
amplitude of the form 

A(x, Q', Li:) = is CFNcC~,,-~ l' dz J d'f 

J d;.R as:F(x, R, Li:) 1/>v(z , k) IAvA T ' (2) 

where Ne = 3 is the number of colors, CF = ~~:;.,1 
is the Casimir operator, Cl' = 72'~'~' ~ for the 
pO, wO I 4JO, J jlJ.! mesons, cxs and Cl'em are the strang 
and electromagnetic couplings, respectively. For 
smatl Li: within the diffraction cone 

_ - öG(x, ~') 1 -, 
:F(x,~,6)= öl ' exp(--2B31P6). (3) 

og~ 

where öG /ölog K.' is the conventional unintegrated 
gl uon structure function and , modulo to a slow Regge 
growth, the diffraction cone B31P - 6 GeV-' [5J. 
Notice that 1/>v (z, k) varies on a hadronic scale k' -
Ry2

, where Rv is a radius of the vector meson , 
whereas tP"'f(Zj k) is a sIo\\' function which varies on a 
large pQCD seale 

-') ') 2 
Q- = mq + z( 1 - z)Q . (4 ) 

w hieh allows a systematic twist expansion in powers -, 
of l/Q- for Ll. within the diffraction cone. In alt cases 
but the double helicity flip the dominant twist am­

plitudes come from the leading 10gQ' (LLQ') region 
-') 2 -') 2 -2 

of k- - R;; , 6- «;< «Q . After some algebra we 
find 

Q 8z(1 - z)[m~ + k'J _, 
JOL = -_. , 'K.- (5) 

m" Q 
_ m' + 2[z' + (1 - z)'Jk' 

h± = 2(V' e). q -".4 . ;<', (6) 
Q 

J±L = -8 (lI' ~)Q . z (1 - z!2 - 2z)' . P . R', (7 ) 
Q Q 

(oE) [m~ + P](1 - 2z)' -, (8) 
h± = -4M . . Q' . K. 

l±" = 2(l1' Li:)(eLi:) . z(~ z) 
Q 

x [6(1 - 2z)' ~: + 1] k'. (9) 

-, 
In alt cases when Ib' --t \I) <X ,,' the LLQ ap-
proximation is at work , the gluon structure function 
enters the integrand in the form 

(10) 

and after the z integration one finds that the helicity 
amplitudes wilt be proportional to as (Q~ )G(x, Ql,), 
where the pQCD hard scale 

Q~ - (0.1- 0.2)(Q' + m~) (11) 

can depend on helicities because of the different end­
point contributions from z --t 0 and Z -+ 1 where the -, 
running hardness Q- is sm alt [2 , 4J. This issue and 
the sensitivity of helicity amplitudes to the LCWF 
of vector mesons will be discussed elsewhere. Here 
we ci te our results for the dominant twist SCHC and 
single-flip SCHNC amplitudes A'vAT in the helicity 
basis: 

Q as(Qn G( . Q') (2) 
AOL <X - . (Q' ,)" x, " , 1 mv - + mir -

O"s(Ql,) ') ( ) 
A±± <X (Q' + m~ )' . G(x, Q" , 13 

6 "'s(Q~) ') ( ) A±L <X _. (Q' ')' . G(x,Q" , 14 
rnv - + m" 

Q ml'ß "'s(Q~) ') ( ) 
Ao± <X - . Q' '(Q' ')' . G(x,Q" , 15 

mv + m" -+ rn" 

First, alt above amplitudes are pQCD catculable for 
large Q' and/or heavy vector mesons. Second, the 
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factor Qjmv in the longitudinal photon amplitudes 
(12) and (14) is a generic consequence of gauge in­
variance irrespective of the detailed production dy­
llamics. Third, the longitudinal Fermi momentum 
of quarks is k, ~ ~mv (2z - 1) and eqs. (7),(S) 
make it obvious that single-helicity flip requires a 
longitudinal Fermi motion of quarks and vanishes in 
the nonrelativistic limit. Similarly, double-helicity 
flip requires the transverse Fermi motion of quarks. 
Fourth , the leading SCHNC effect is an interference 
of AOL and Ao± and the first experimental indica­
tions for that have been reported recently [SJ. 
In contrast to the above, the domin ant twist double­
helicity flip amplitude comes from the non-leading­
logO' term 1 in the square brackets in (9) and is 
proportional to 

- , 

JQ d,,' ßG(x, ,,') 1 
--;;c:'-'--;;'- ~ - G (x 1") ,,< ßlog ,,' I'b ,G 

( 16) 

where a soft scale I'G ~ 0.7-1 GeV is set by the in­
verse radius of propagation of perturbative gluons. 
Precisely the same nonperturbative quantity (16) de­
scribes the contribution from the " ~ V transition 
ver tex to the diffraction slope for helicity-non-flip 
amplitudes, for more discussion see [5]. Then from 
eq. (S) we find 

(17) 

-, 
where the leading 10gQ- amplitude is of lligher twist . 
Such amismatch of the twist and leading logO' 
regime in diffractive DIS is dejit vu: the leading 
twist UT is soft-gluon dominated whereas the full 
fledged logO' is at work for the lligher twist UL 

[9, 10J. What is new in (17) is that the both regimes 
mix in one and the same helicity amplitude. The 
soft-gluon exchange dominance of the leading twist 
double-helicity flip was noticed recently by Ivanov 
and Kirschner [llJ. 
Finally, we emphasize that non-vanishing single- and 
double-helicity flip am pli tu des (14) and (16) do not 
require the applicability of pQCD and can best be 
searched for in real photo- or electroproduction at 
small Q2 ~ m?r. 
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Azimuthai asymmctl'y as a new handle on UL / UT in diffractive DIS 

N.N. Nikolaeva,b, A.V. Pronyaev', B.G. Zakharovb 

The ratio of (L) longitudin al and (T) transverse cross 
sections, R = UL/(JT, is a much discussed test of 
meehanisms of deep inelas tie seaUering (DIS). The 
QCD theery of diffractive DIS (DDIS) ep --t e'p'X 
predicts [l] an unprecedented dominanee of lligher 
twist ur Qver leading twist uj? in a broad range 
of ß :2: 0.9 (Hereafter the superseript D s tands for 
lldiffractive') and the electroll inelasticity y, the "(p 
C.m.S. energy W , Q', x = Q' /(Q' + W') , the mass 
M of the diffractive system X , ß = Q' /(Q' + M') 
and XJP = x/ß are the standard DDIS variables). 
This must be contras ted to leading twist UL in small­
x inclusive DIS where the theory prediets [2] R = 
U L/ UT - 0.2-0.3 in agreement with the experiment 
[3]. T he pQCD caJculations of uE deseribe the ex­
perimental data for la rge ß very weil [4] and lligher 
twist uE found in [I] has beeome apart of mod­
ern parameterizations of DDIS structure functions 
(SF's) [5]. However, a direct measurement of RD re­
quires a variable electron/proton energy runs whieh 
are not foreseen in the near future at HERA. Here 
below we show how this experimenta l limitation can 
be cireumvented by the m easurement of the LT in­
terferenee SF FET which eontributes to the observed 
cross section a term cx: cos <P , where <p is an azimuthai 
angle q, between the electron scattering and proton 
production planes. 
The prineipal point is as follows . The experimental 
measurement of the asymmetry cx: cos<p amounts to 
the determination of 

FeT 
ALT = p,D + FD = 

T L 

PLT 
I+ RD' 

(I) 

If PLT = FET/ F.f? were known, then inversion of (I ) 
1V0uid yield 

(2) 

We argue that for ß :2: 0.9 of the interest the theo­
ret ieal evaluations of PLT are model-independent and 
the inversion (2) offers a viable test of the pQCD pre­
dictiOJl R D :2: 1 from the experimentally measured 
azimuthai asymmetry ALT. 
The microscopie QCD meehanism of DDIS at ß > 
0.9 is an excitation of qij Fock states of the photon 
(lVe foeus on eontinuum M'» 4mJ)[6 , 7] . Our nelV 
finding is t hat UPT is dominated by t he same aligned 
jet confi.gurations as u/f. Consequently, we expect 
similar hard QCD seales 

- 2 -2 
(Q )LT "" (Q )T , (3) 

which is a basis for our conclusion on the model­
independenee of PLT: 

4.00 

'" S 3.00 
GI 
~ T ~ 

",I>. 
2.00 

LT 
101 1.00 
V CTEQ 

0.00 
0.90 0.92 0.94 ß 096 

Fig. I: T he average hard scale (Q') for light ftavour 
eontribution to the (T) transverse and LT in­
terference diffractive structure functions eval­
uated for the CTEQ gluon SF of the proton. 

~ 

~ 12 

• L'I' 
~ 

8 L • 11 ... 
" 4 

~ 
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CTEQ ... . .. 
Q ~.90 0.92 0.94 ß 0.96 

Fig. 2: Our predictions for the diffraetion slopes 
BTJ B L 1 BLT of the transverse, IOllgitudi ~ 

nal and LT interferenee diffractive SF's for 
the CTEQ gluon SF of the proton (xJP = 
10-3 , Q' = 100 GeV'). 

in whieh the r.b.s. depends on neither XJP nor Q' 
(apart from the trivial kinematieal factor ß /Q). The 
average value of the running hard scale can be esti­

mated eaJculating the expectation values of (Q'p. 
For heavy ftavours and weak scaling violations in the 
gluon structure SF these moments ean be evaluated 

analytieally with the result (Cj')T = (~)' (Zj"')LT 
for typical 'I = ~ . Numerical c1aulations for light 
ftavours give the results shown in fig . I, the slight 

inequality (Q')T "" 1.6(Q'hT is similar to that for 
heavy fl avours and does not affect our major argu­
ment . 
The eaJculation of the diffraetion slopes BL,T and 
BLT ean be done following Ollr work [8]. The vari­
ations of diffraetion slopes from CTEQ to GRV to 
MRS parameterizations do not exeeed - 5 per cent 

PLT(ß, ß) = (4) and are not shown in fi g. 2. 
24ß3 (2 - 3ß) ß ( [ B ]-') T he predieted azimuthai asymmetry ALT for the ß-

(1- ß) (3 + 4ß + 8ß') . Q . exp - BLT - T 0.-, intregrated cross seetion is shown in fig. 3. It is sub-
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Fig. 3: Our predictions for the ß dependence of 
the azimuthaI asl'mmetry ALT for the !>­
integrated cross sections evaluated using the 
diffraction slopes of fig. 3 (XIP = 10-3 , Q2 = 
100 GeV', CTEQ gluon SF of the proton). 

stantial and within the reach of the LPS experiments 
at HERA. For Q2 ~ 50 GeV2 for wh ich ß ~ 0.95 does 
still belong to the continuum, the expected asl'm­
metry is "" 50% larger . The cusp-like behaviour at 
ß = ß, = Q2/(Q2 + 4m~) "" 0.92 is due to the open 
charm excitation at ß < ß,· 
The accuracl' of reconstruction (2) of RD = (JE /(JIJ 
can be Judged from fig. 4a. Here we show the ratio 
of R D reconstructed from the numerically cakulated 
azimuthaI asl'mmetry ALT on the basis of analytic 
approximation (5) for PLT to the direct numerical re­
sult for RD presented in fig. 4b (for the cOllvenience 
of plotting, in fig. 4b we show the inverse quantitl' 
l / RD (!> = 0)). The reconstruction errors do dot 
exceed dozen per cent and this accuracy of our re­
construction of R D is adequate for a reliable check 
of the pQCD predictions of large RD at ß > 0.9. 

We emphasize the Q2 independence of (Q2JLT and 
-? 

(Q-)r by which PLT does not depend on Q'. Con-
sequently, our method allows a reliable experimental 
determination of the Q2 dependence of RD and an 
unambiguous test of the higher twist nature of (JE. 
The work ofB.G.Z. has been supported partly by the 
INTAS grant 96-0597 and the work of A.V.P. was 
supported partly by the US DOE grant DE-FG02-
96ER40994. 
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Precocious asymptopia for charm from the running BFKL 

N.N. Nikolaev' ) and V.R. Zoller2) 

The generaJized BFKL [1 J equation for the interac­
tion cross section a(x, ,.) of the color dipole f with 
the target reads [2J 

8u(x,r) 
810g(l/x) = /(@a(x,r) (1) 

where x is the Bjorken variable. The kernel /( is 
related to the flux of the Weizsäcker-Williams soft 
gluons IB(p,) - B(p2)12. The Asymptotic Free­
dom (AF) dictates that the chromoelectric fields 
B(Pi be calculated with the running QCD charge 
9S("m) = v4nas(rm) taken at shortest relevant dis­
tance r m =min{,',p} and 

B(Pi = 9s(rm )p/ pZ x (screening factor). 

Our findings on the running BFKL equation which 
are of prime importance for the problem under dis­
cussion are as follows [3, 4J. The spectrum of the 
running BFKL equation is aseries of moving poles 
IP" in the complex j-plane with eigenfunctions 

(2) 

being a solution of /(@an = t."a" (,.) . 
The leading eigen-function 170(") is node free. The 
sub-Ieading 17"(") has n nodes. The intercepts t." 
closel)', to bettel' than 10%, follow the law t." = 
(,~Q1) suggested earlier by Lipatov [5J . The inter­
cept of the leading pole trajectory, with our specific 
choice of the infrared regulator, Re = 0.27fm, is 
t.o == t.1P = 0.4. The sub-Ieading 17" (,.) represented 
in term of [(1') = an (")/1', to a crude approximation 
is similar to Lipatov's quasi-classical eigenfunctions 
[5], ["(1') ~ cos[ci>(r)J. With Re = 0.27fm the node 
of "I (,.) is located at ,. = 1'1 "" 0.05 - 0.06 fm, for 
larger n the first node moves to a somewhat larger 
" ~ O.lfm. Hence, a(x, ,.,) is dominated by ao(x, ,.,). 
This observation explains the precocious asymptopia 
for the dipole cross section, a(x,r) cx (I/x)"'''' , at 
r ~ O.lfm. Consequently, zooming at ,,(x, r,) one 
can readily measure t.1P. The point we want to make 
here is that because ", ~ I/me, the excitation of 
open charm provides the desired zooming. Indeed, 
we shall denlOnstrate that the effect of suppression 
of the sub-Jeading BFKL terms in FfC(x, Q2) is re­
markably strong. 
The color dipole representation for the charm struc­
ture function (SF) reads [8J 

• Q2 l ' / . FfC(x, Q-) = -4 -- dz dZfliJice(z, r)l-a(x, r), 
1fO'em 0 

(3) 
Starting with the BFKL-Regge expansion 

with t." determined in [3, 4J we arrive at the BFKL­
Regge expansion for the charm SF 

Fi'(x, Q') = ~ J~'(Q')(xo/x)"'" , (5) 

" 
where the charm eigen-SF is as follows J~C(Q') = 

4n~:m (17") . In conjunction with the explicit form of 
the ce light-cone wave function, iJiCC(z, ,.) [8J, 
the eq.(3) show that the integral over ,. in (3) is 
dominated by Q-' :s rZ :s m~z. Indeed, after z­
integration one can write 

f Ilm: dr' 17 (,.) 
I;,C(Q') CX -. ---"-;, . 

l/Q2" 1'-
(6) 

The dipole cross section 17"(") in (6) is an oscillating 
function of ,. with the first node located inside the 
integration region. Then in a broad range of Q' one 
has strong cancellations in (6) for sub-Ieading poles 
which result in the leading pole dominance in charm 
production. From our analysis of experimental data 
from Hl [6J and ZEUS [7J it follows that the charm 
production in a wide range of the photon virtualities, 
Q2 :s 10' GeV', provides the unique opportunity of 
getting hold of elusive BFKL asymptotics and mea­
suring t.1P al ready at currently available x. 
The detailed presentation of these results is pub­
lished in [91. 
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The running BFKL: resolution of Caldwell's puzzle 

N.N. Nikolaevl) and V.R. Zoller') 

Caldwell 's presentation of the HERA data in terms of 
the logarithmie derivative 8F,/8 log Q' for the pro­
ton strueture funetion (SF) F,(x, Q') exhibits the 
turn-over of the slope towards small x and/or Q' up 
to eurrently attainable x _ 10-6 and Q' - 0.1 GeV' 
[IJ. The DGLAP-evolution with GRV input J2J pre-

8F,o LAP 
dicts a steady increase of the derivative afog Q~ cx: 
Cts(Q')GDGLAP(X, Q') with I/x, due to the growth 
of the gluon strueture funetion GDGLAP(x, Q') = 
xgDGLAP(x, Q'). 
The turn-over point loeated at x - 5 . 10-4 and 
Q' - 5 Ge V" in a eommonly believed legitimate 
pQCD domain. So, the phenomenon oeeurs on the 
interface between "soft" and "hard" physics. rts ex­
planation within the color dipole approach is based 
on two observations: 
i) speeifie smallness of the log Q'-derivative of sub­
leading terms of the BFKL-Regge expansion for F, 
at the turn-over point, whieh is due to the nodal 
strueture of the running BFKL eigen-SF's; 
ii) signifieant eontribution to the small-Q' proton SF 
coming from the non-perturbative eomponent of the 
BFKL pomeron. 
The properties of the running color dipole BFKL 
equation responsible for the observed Q' dependenee 
of 8F,j810gQ' are as follows [4, 5J . The speetrum 
of the running BFKL equation is aseries of moving 
poles in the eomplex j-plane with eigen-funetions 

Un(x,,·) = un(r)exp [Ll.n 10g(l /x)J (1) 

being a solution of 

(2) 

The leading eigen-funetion uo(,.) is node free. Tbe 
sub-Ieading an (T) has n nodes. The intereepts Ll.n 
c1osely, to better than 10%, follow the law Ll. n = 
Ll.o/(n + 1) suggested earlier by Lipatov [6J. The in­
tereept of the leading pole trajeetory, with the above 
speeifie ehoice of Re , is Ll.o '= Ll. IP = 0.4. The sub­
leading eigen-funetions U n [4, 5J are very c10se to Li­
patov's quasi-c1assical solutions [6J for n » 1. For 
our speeifie ehoice of the infrared regulator, Re. the 
node of Ul (,.) is loeated at ,. = "1 '" 0.05 - 0.06 fm, 
for larger n the first node moves to a somewhat larger 
,. - 0.1 fm . 

pointed out in [4, 5], for Q' :s 104 GeV' all In(Q') 
with n ~ 3 are very elose in shape to each other. 
Then we arrive at the truncated expansion 

3 

F,(x, Q') = I: In(Q')(Xo/x)""+F;'f'(Q')+FZO'(x, Q'), 
n=O 

(5) 
where the term h(Q')(xo/x)'" with the properly 
adjusted weight faetor , a3, stands for all terms with 
n~ 3. 
The log Q'-derivative of the non-perturbative term 
F;'f' levels off at very small Q' - 0.15 GeV' 
and does not eontribute to the observed growth of 
8F,j8iogQ2. 
Beeause the sub-Ieading SF's, In(Q'), have node at 
Q' - 20 - 60 GeV2 [4 , 5J , their eontribution to the 
slope 8F,/810gQ2 variishes at Q' - 5 - 10 GeV2, 
whieh is very c10se to the turn-over point in the 
HERA data. Henee 8F,/810gQ' at small Q' fol­
lows c10sely 810/810gQ'. From (??) it follows that 
at small Q', 10(Q') behaves like _ Q'/(A~ + Q') 
with Ag '" 0.72 GeV' eoming from (??). Therefore, 
8F./810gQ' rises with Q' up to Q' ~ IGeV' then 
levels off. Only at large Q', when the sub-leading 
terms enter the game, 8F,/81ogQ' deereases and 
even becomes negative valued at large x. Our esti­
mates are in good agreement witb HERA data [IJ. 
The detailed presentation of these results is pub­
lished in (7). 
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Neutrino optics of crystals 

V.R. Zoller1) 

Recently there was much discussion on possible labo­
ratory observations of neutrino electro-magnetic can­
version [1). We show that the crystal converter is 
able to contribute to the future investigations of the 
neutrino electrodynamics. The point is that the weIl 
known Thomas interaction of atomic theory is pro­
portional to the gradient of the matter density, 

uVp(r) , 

which is large in the impact parameter plane for par­
tides passing through the erystal along the crystallo­
graphie axis. Still, for high energy neutrino beam the 
eoherenee length is large , l,oh ~ E" / ql , and one ean 
gain from the big number of seatterers, N ~ l,oh/d, 
since the cüherent conversion cross section is er CX N 2 . 

Hereafter, d is the inter-atomie distanee. From the 
phenomenological transition matrix element [2) 

M(Vl'~ V2) =iü2 (J.L21 +,sd2!l0"""F""Ul, (I) 

where 1121 and d21 are the transition magnetic and 
eleetrie dipole moments of the neutrino and F"I' is 
the eleetro-magnetie field strength tensor, one read­
ily finds the cross seetion of the eoherent neutrino 
conversion in crystal 

U'I = 4aZ2b~1 J dql ( , ql 2)' Si)q,jSi-(q.d· 
ql. + J.L 

(2) 
Here J.L = ar} and arF = (m.aZ I / 3)-1 is 
the Thomas-Fermi radius of an atom, b~1 = 
1J.L2d' + Id2d' for Dirae neutrinos and b~1 = 
4 [(ImJ.L2!l2 + (Red,!l2 ] for Majorana neutrinos [2). 
Denoted by Sr is the trans verse form faetor 
Si-{ql) = exp [-~(u2)ql] , where (u') is the square 
of amplitude of the lattiee thermal vibrations. It is 
precisely the faetor Si- whieh cuts off ql at ql ;::, 

(~2) -I The longitudinal form faetor whieh involves 
the strueture factor of a erystal is as follows 

) [ 
I 2 2] sin(q,N,d/2) 

SL(q, = exp -ilq,(u) sin(q,d/2) , 

where the longitudinal momentum transfer is 

t-m~1 + ql + 2pl.ql. 
q~ = 

2p 

(3) 

(4) 

The term P.L q.L vanishes if the ineident neutrino mo­
mentum p is parallel to the ehain. The transition 
eoherenee length is determined by the inverse longi­
tudinal momentum transfer, L, ~ I/q, 
The eoherent conversion rate R = O"'1/cf' exhibits 
the resonanee enhaneement at the projeetile mo­
menta wh ich satisfy the equation q;:.d :: 211"11. ,n = 
±I, ±2, .... As a funetion ofbeam momentum R looks 
like aseries of nalTo\\' resonances with the width 
~ I/N. For the praetieal purposes, one must fo­
cus on the cüherellt enhancement at 11. = O. Indeed, 
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for high energy neutrino q,d is small and the longi­
tudinal form factor SI oe N 2 [1- N 2 

/ N; + ... ) defines 
the eoherenee length L, = N,rl, where 

, 4V3p 
11,=( 2 ')d· t-m21 + q.L 

(5) 

If the amplitude of thermal vibrations is large eom­
pared to arF, that is { = (j(u2)Jl')-1 « I, the 
coherent conversion rate vanishes as R cx: {2. To 
be speeifie we eonsider the Hf -crystal converter for 
which { '" 10 [3). At N ~ Ne the conversion rate 
reaches the value 

b2 

R '" 2aZ2 N; ;; , (6) 

whieh is followed by the logarithmieal dependenee on 
N at still larger N. 
So, we derive .constraints on the 1I1"( -+ V2 conversion 
rate 

Jl21 m.d f; 
-~--- -
JlB - 2aZNc TC· 

(7) 

Note, the upper bound on Jl'I ean be pushed down by 
the factor 1/../K if the neutrino passes suecessively 
through a big number, K, of cr)'stal plates of the 
thickness ~ lVc each. In this case the conversion rate 
aequires the faetor of the ineoherent enhaneement 
whieh equals to JC Evidenti)', the most straightfor­
ward way to lower down the upper bound on Jl21 
would be to inerease the neutrino beam energy mak­
ing use of a muon eollider. 
The detailed presentation of these results is pub­
lished in [4). 
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Scaling transverse fiow in Bjorken's scenario for heavy ion collisions 

V .E.FortovO, PJvlilyutinO and N.N .Nikolaevb,c 

Landau 's hydrodynamie stage [1] is apart of all sce­
narios for the evolution of the hot and dense mat­
ter (quark-gluon plasma - QGP) formed in ultrarela­
tivistic heavy ion collisions [2]. It is now weil under­
stood that Landau 's complete stopping of Lorentz­
contracted colliding nuclei is not feasible because of 
the Landau-Pomeranehuck-Migdal (LPM) effect [3], 
i.e., the finite proper formation time 10 and the rel­
ativistic growth of the formation time for fast sec­
ondary particles . The corollary of the LPM effeet 
in conjunction with the approximate central rapid­
ity plateau is the rapidity-boost invariance of initial 
conditions. The corresponding solution for a lon­
gitudinal expansion in an l+l-dimensional approx­
imation, neglecting the transverse How, was found 
by Bjorken [4] . There is some experimental evidence 
[5,6], although a disputed one [7 , 8], for a transverse 
flow whieh must develop if the Iifetime of the hydro­
dynamical stage is sufficiently long. 

We report here a simple analytic solution of the 
Euler-Landau equation for the velocity of transverse 
expansion , u, gained in the hydrodynamic expansion 
of QGP before the hadronization phase transition 
(published in [9]). It is only marginally sensitive to 
properties of the hot stage and offers a reliable de­
termination of lifetime of the QGP TB if the radial 
profile of the initial energy density is known. We find 
that the u-distribution is a scaling function of ,,/um, 
where Um is a maximal velocity of expansion. 

The collective transverse expansion is driven by the 
radial gradient of pressure. As we shall see, for uy­
sual estimates for TB the radial fiow is nonrelativistic 
( We recall that for central PbPb collisions, for which 
there is some experimental evidence for the QGP 
formation [2], the typical estimates are TB '" 3f/e 
at SPS [10, 11] and TB '" 6f/c at RHIC [2], which 
are mueh larger than the standard estimate Ta ~ 0.5 
f/e .). We start with the familiar Landau relativistic 
hydrodynamics equations 

(1) 

for the energy-momentum tensor Tp.v == ((+p)UJ,·u v -
pOp.v , where c and P are the energy density and pres­
sure in the comoving frame, and '1.l J, is the 4-velocity 
of the element of the fluid. To the first order in ra­
dial velocity !In the radial projeetion of (l) gives the 
Euler-Landau equation 

( )0", (O(+P) (<+p)) oP_ O <+p 0 +11, 0 + + 0 - , 
1 T r " 

(2) 

in which we can use the Bjorken's solution for ( and 
EOS p = c;<. Then the Euler-Landau equation ean 
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be cast in a simple form 

811, _ c; 11 _ _ c; ologp (3) 
OT T' - (1 + c;) 8,' 

Aceording to the lattiee QCD studies, the familiar 
c; = ~ holds for a velocity ofsound c, in the QGP ex­
cepting a negligible narrow region of the hadroniza­
ti on transition temperature Th ,..... 160MeV and en­
ergy density (h ~ 1.5 GeV /fm3 [12, 10]. The im­
portant point is that the trans verse expansion of the 
QGP fireball can be negleeted wh ich we ean justify 
aposteriori. For this reason the time dependence 
of the logarithmic derivative D(r, T) = a~fP can 
be neglected, it is completely determined by the ini­
tial density profile and depends neither on the tem­
perature nor fugacities of quarks and gluons) which 
substantially reduces the model-dependenee of the 
trans verse velocity. Then the solution of (2) subject 
to the boundary condition 11,(TO) = 0 is 

( ) 
c;TD(r, O) 

Ur 1', r ::::::: 4 
1 - C$ 

(4) 

AT RHIC and higher energies of the initial state is 
expected to be formed by semihard parton-parton 
interactions for which nuclear shadowing effects can 
be neglected . Then for central eollisions «", TO) <X 

T~(,') , where k = 2 and TA(r) = J dznA(v'z2 + ;.2) 
is the density of constituents, TA (,.) ~ exp(-fp) , 

A 

where RA '" 1.1A- 1
/

3fm is the nudear radius. In 
another extreme scenario cf strong shadowing and of 
strong LPM effeet the soft particle production is not 
proportional to the multiplicity of collisions of fast 
partons and k = 1 is more appropriate. Hereafter 
we take k = 2. In any case, the logarithmic pressure 
gradient is approximately linear, D(r, t) I':j 2h/ R~, 
and aecording to the solution (4) the displacement 
of the fluid element t!.,. is proportional to the radius, 
t!.,. cx "T'- Consequently, we have the Hubble-type 
radial rescaling 

t!.,. (T)' A(T)"'l+-"'l+ -
,. 7']' 

(5 ) 

where 

(6) 

has a meaning of the lifetjme against transverse ex­
pansJOn. For central PbPb collisions eq . (6) gives 
TT '" 10k-0.5f/e whieh is larger than the above cited 
estimates of TB and at SPS and RHIC energies the 
transverse expansion of the fireball can be neglected. 

In a quasi-uniform plasma the hydrodynamic expan­
sion lasts until ( = <h. For long-lived QGP and 
1 » 10 we can use the Bjorken)s solution 

<h T) = (h G~ ~~D k c: ('; , (7) 



which gives the position of the hadronization front 

(8) 

and the radial velocity at the hadronization front 

For the usually discussed TB and TO we have TB » 
TO. For such s long-lived QGP, TB » TO, the radial 
velocity takes the maximal value 'Um at t = r/TB ~ 

1/ Je, 

_ C;TB j2k(1 + c;) [ (roJe) '-';] 
Um - 1- -- . 

RA{l-c1) e TB 
(10) 

The large-rB approximation (10) is accurate to bet­
ter than ~ 4% at TB = 3 f/c and better than ~ 1% 
at TB = 8 f/c. For the above cited estimates for TB in 
central PbPbcollisions we find Um (SPS) '" 0.13 and 
u",(RH JC) '" 0.28, consequentll' the nonrelativistic 
expansion approximation is justified very weil. 

The most interesting quantitl' is a radial velocity 
distribution which can be evaluated experimentally 
from the Doppler modifications of the thermal spec­
trum of particles radiated from the hadronization 
front. This post-acceleration in the mixed phase is 
negligible for weakll' interad ing 1(+ and qI-mesons, 
which gives ' the desired access to the radial flow 
at the hadronization transition. For the of con­
stant hadronization temperature contribution of the 
hadron ization surface "h(r) to the particle multiplic­
ity is 

dwoe "h (T)dT . (11) 

Making use ofthe solutions (8) and (9), it can readill' 
be transformed into dw/du oe '·h(du/dT)-I . Notice, 
that for a long-lived QGP the hadronization front 
(8) and U(T)/Um depend onll' on the scaling variable 
t = T / TB, wi th an obvious exception of the short­
time region r ~ ro. This scaling implies that the 
hadronization front velocity distribution is • scaling 
function of x = ti/um: 

dw 1 f(x,rB) 
du = Um vr-=-x ' ( 12) 

where for a long-lived QGP f(x , TB) does not de­
pend on rB. The square-root singularitl' at x = 1 
is a trivial consequence of the vanishing derivative 
du(r)/dr at T'" rB/Je. The numeric.1 calculation 
show that the approximation f(x) = 0.5 is good for 
all the practical purposes. 

The NA49 fits to the proton, kaon .nd pion trans­
verse mass fiT distribution in central PbPb collisions 
at SPS assurne identical freeze'out temperature for 
all particle species [5]. For positive partieies NA49 
finds TI = 140 ± 7 MeV and the transverse velocit)' 
(u) = 0.41±0.11. However, for the J(+ one must take 
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the lügher freeze-out temperature TI = r. '" 160 
MeV given b)' the lat tice QCD. Because of the anti­
correlation between the local temperature TI and 
(UT), see Fig. 7 in [6], such a fit with larger TI to the 
same fiT distribution shall l'ield smaller (u) . 
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Quark energy lass in an expanding quark-gluon plasma 

B. G. Zakharov· 

Study of the induced gluon radiation from a fast 
quark in a quark-gluon plasma (QGP) is of great 
importance in connection with the forthcoming ex­
periments on high energy AA-collisions at the RHIC 
and LHC. It is expected that the energy loss of high­
P.l jets produced at the initial stage of AA-collision 
may be an important potential probe for formation of 
QGP (1, 2]. In [3, 4] the quark energy loss, !:;Eq , was 
estimated for a homogeneous QGP. Here we present 
the results of evaluation of !:;Eq in an expanding 
QGP in the light-cone path integral approach to the 
induced radiation [5, 6] . We model QGP by a system 
of static Debye screened scattering centers [I]. 
We consider a fast quark produced in the central ra­
pidity region with a veloeity perpendicular to the 
axis of AA-collision. We choose the z a:";s along 
the initial quark veloeity, and the quark production 
point is assumed to be at z = O. Then, the distance 
passed by the quark in QGP, L = z, is elose to the 
expansion time, T. For the T(z)-dependence of the 
temperature of QGP we use prediction of Bjorken's 
model [7] T T ' / 3 = TOT~/3 . 
The probability of radiation of a gluon with the frac­
tional longitudinal momentum x from a fast quark is 
given by [5] 

!: = 2Re ]dZ1 ] dz, exp [i(Z1L~ z,) 1 g(Z1, z"x) 
o ZI 

x [K(0,z,10,z1) - K,(O,z,IO,z,)]. (1) 

Here K is the Green's function for the Hamiltonian 
(acting in the transverse plane) 

q' 
H = 2,,(x) + v(p, z) , (2) 

( ) .n(z)a3(p,x,Z) 
VP,Z ::::: -1 2 ' (3) 

and K, is the Green's function for the Hamil­
tonian (2) with v(p, z) = O. In (2) the 
Schrödinger mass is ,,(x) = Eqx(l - x), LI = 
2Eq x(1 - x)/[m~x' + m~(1 - x)] is the gluon for­
mation length, here ntq is the quark mass, and rng 

is the mass of the radiated gluon . We introduce the 
gluon mass to remove the contribution of the un­
physical long-wave gluon exeitations. In (3) n(z) is 
the number density of QGP, and a3 is the cross sec­
tion of interaction of color singlet qijg system with 
color center. Summation over trip let (quark) and 
octet (gluon) color states is implieit in (3). The z­
dependence of a3 is connected with the one of the 
Debye screening mass. In (1) g(Z1 ,Z"X) is the ver­
tex factor ",hich ineludes all spin effects. 
The Hamiltonian (1) describes evolution of the light­
cone wave function of a fictitious qijg system [5]. 
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The three-body cross section entering the imaginary 
potential (3) is given by [8] 

9 1 
a3(p,x , Z) = gh(p,z)+a,((I-x)P,z)]-ga2(xp,z) , 

(4) 
where a,(p, z) is the dipole cross section of interac­
tion with color center of color singlet qij system . The 
latter can be ",ritten as a,(p,z) = C,(p,z)p', where 
C,(p, z) has a smooth (Iogarithmic) dependence on p 
at small p. As in [4] we approximate C,(p ,z) by its 
value at p "" I/mg. Then the Hamiltonian (2) takes 
the oscillator form with the z-dependent frequency 

fI(z) = (1 - i) (n(Z)C3(X , Z)) 1/' (5) 
V2 E q x(l - x) 

where 
C3(X, z) ! {9[l+ (1 - x)']- x'} C,(I/mg , z). 
The coefficient C, was calculated in the double gluon 
approximation . In numerical calculations we eval­
uated the Green's function J( using the approach 
previously developed in analysis of the vector meson 
photoproduction [9] 
It follows from (5) that even for a thermolized QGP 
the oscillator frequency is dominated by the gluon 
contribution. There is every indication [10, 11] that 
for the ruCH and LHC the hot QCD medium pro­
duced in AA-collisions at T ~ TO ~ 0.1 fm will 
be thermolized gluon plasma to a first approxima­
tion, and for quarks the chemical equilibration is not 
reached during the expansion of QGP. For this rea­
son we take for the gluon fugacity Ag = 1. To take 
into account the suppression of quarks we use the 
value Aq = 1/3 for the quark fugacity. Numerical 
calculations were carried out with fis ::::::: 1/3. For Ta 
we use the value 0.1 fm [10, 11]. At z ::; TO we take 
fI(z) = fI(TO). We have evaluated !:;Eq for To = 1100 
expected for central Pb-Pb collisions at the LHC [10]. 
To study the dependence of the quark energy loss on 
To we give also the results for To = 700 J\-JeV. The 
numerical predictions for !:;Eq as a function of E q 

for L = 3, 6, 9 fm are shown in Fig. 1. The results 
were obtained for m q = 0.2 GeV. As for a homoge­
neous QGP [4], our predictions have a weak depen­
dence on m q • To study the infrared sensitivity of 
ßEq we present in Fig. 1 the results for Tng = 0.75 
and 0.375 GeV. These values are of the order of the 
Debye screening mass for QGP in the region T ~ 2-3 
fm, which, as our IlUmerical calculations show, domi­
nates the quark energy loss. For this reason the value 
of mg within the above range seems to be a plau­
sible es ti mate for the infrared cutoff in the consid­
ered problem. Note that in the limit Eq -> 00 ßEq 

has only a smooth (Iogarithmic) ",.-dependence con­
nected with p-dependence of the coefficient C, [4]. 
Our numerical calculations reaUy demonstrate that 
for Eq ~ 10 GeV !:;Eq is not very sensitive to "'g . 

Fig. 1 shows that !:;Eq grows by a factor ~ 2 - 3 as 



Eq increases from ~ 10 to ~ 100 Ge V. The predic­
tions for L = 6 and L = 9 fm can be regarded as 
a plausible estimates for !!.Eq in central collisions of 
heavy nuelei. We have checked that the effect of the 
mixed phase (with Tc '" 150 MeV) and the hadronic 
phase turns out to be relatively smal!. Comparison 
of the results for To = 1100 and To = 700 MeV 
demonstrates that the To-dependence of !!.Eq is not 
ver)' strang. This is connected with an increase of 
Landau-Pomeranchuk-Migdal suppression and a de­
erease of the coefficient C2 for a high density QGP. 

Fig. 1: The quark energy loss as a function of the 
quark energy for m q = 0.2 Ge V, m g = 
0.75 GeV (solid line) and m g = 0.375 GeV 
(dashed line). 

Fig. 2: The quark energy loss as a function of the 
quark energy for m g = 0.75 GeV, m q = 1.5 
GeV (solid !ine) and rn q = 0.2 GeV (dashed 
line). 

To study the sensitivity of !!.Eq to dynamics of QGP 
at small r we have also carried out the calculations 
taking n(z :'C a) = n(a) with a ~ 1 - 2 fm. The 
results for these versions do not differ strongly from 
the ones in Fig. 1. This demonstrates that 6.Eq is 
insensitive to the dynamics of QGP at T :'C 2 fm. This 
fact is a consequence of suppression of probability of 
gluon radiation at small z [4,6]. 
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To iIIustrate the quark mass dependence of 6.Eq in 
Fig. 2 we compare the results for 6.E, for c-quark 
(mq = 1.5 GeV) with the ones for light quarks (mq = 
0.2 GeV). As one can see the dependence of 6.Eq on 
m q becomes weak at Eq ~ 50 - 100 Ge V. 
The rather large values of 6.Eq obtained in the 
present work show that jet qu€nching may be an 
important probe for the formation of QGP in AA­
collisions. The Monte-Carlo analysis of jet quench­
ing [2] with 6.Eq elose to the estimates of the present 
work demonstrates that the induced radiation must 
considerably modify the charged particle spectra. 
The induced gluon radiation can also lead to other 
interesting experimental consequences. Für instanc€, 
fluctuations of the quark energy loss will generate ad­
ditional transverse momentum (defined with respect 
to the AA-collision axis) in production of ce and bb 
pairs. In the case of g --t gg transitions the produc­
tion of the gg state in the color decuplet state can 
increase the cross section for production of baryon­
antibaryon pairs through the mechanism analogous 
to the one previously discussed [12] in connection 
with BB annihilation at high energies. 

alL. D. Landau Institute for Theoretical Physics, 
GSP-l, 117940, ul. Kosygina 2, 117334 Moscow, 
Russia 
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Enhancement of ru\ -) mtA Thl'eshold Cross Sections by 1111 Final State Interaetions 

I 2 R. Rapp , J. W. Durso, O. Krehl and J. Spelh 

The Jülich model of meson-meson seattering [I], 
based on meson exchange, has been developed and 
refined over the past decade and gives a good 
quantitative deseription of the scallering of two 
pseudosealar mesons. The latest version of dIe 
model [2.3] builds in eonstraims on lhc S-wave mt 
seallering lengths imposed by clliral symmetry [4]. 
This feature turns out to be crucial in prevenling a 
(theorelieal) mt pairing instability in nudear matter 
at densities below that of normal nuelear matter 
observed in many models [5,6,7]. 

While the elli rally improved Jülich model avoids 
the theoretical problem of mt pair eondensation in 
low-density nudear maller, it neverlheless prediets 
a pronouneed sllift in lhe strength of lhe S-wave 
isosealar mt seallering amplitude to lower energies 
as the density of the surrounding nudear medium 
inereases, Tllis enhancement of the low-energy 
strength is largely absent in lhe 1=2 ehannel, in 
whieh lhe interaetion is purely repulsive. The ac­
eumulalion of strength in lhe l=<l S-wave seallering 
amplitude at energies just above lhe mt threshold is 
substantial even at half normal nuelear maller den­
sity [2]. 

Reeent experimental data from lhe CHAOS eollabo­
ration [8,9] al TRIUMF appear to indieate a den­
sity-dependenee of the in-medium mt seallering 
amplitude in the direction predicted by the Jülich 
model. In the CHAOS experiment a pion beam of 
nominal kinetie energy T ,,=282.7 MeV was directed 
al various nuclear targets, and two outgoing pions 
were detected in coincidence. With increasing nu­
elear mass number, lhe corresponding invariant 
mass spectra show a strong enhancemem of 11+11-

pairs just above the two-pion lhreshold of M",=2mn• 

In eontrast, only very nlinor variations are observed 
for 11'11- pairs. This is consistem wilh what one 
would expeet if the effect is due to the final state 
illleraction of the pions produeed at finite nuclear 
density since the 11+11+ state is pure 1=2, while the 
11+11- S-wave is two-thirds 1=0. 

Before we ean assen lhat this view of the process 
explains the data we need not only the in-medium, 
off-shcll mt amplitudes_ but also a model for the 
produetiOlI proeess lIA -) 1!1lA in order 1O make 
quantitative comparisons with lhe date_ Since our 
emphasis here is on the possible medium effects in 
the mt imeraction, we treat the pion produclion 
process very simply. First, we assurne lhat it a1ways 
proeeeds as an elememary process on a single nu­
cleon. Seeond, we aceount only for the two most 
imponam eontribUlions [9,10] , whieh are the one-
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pion exchange reaction, contributing 1O bOlh the 
isoscalar and isotensor channel and lhe N' (1440) 
resonance formalion, Ieading 1O isosealar mt states 
only. The eonuibution of the N'(1440) to the two­
pion final state is modeled as proeecding via an 
intermediate sealar-isosealar resonance, fj, of 
invariant mass M"", whieh subsequently decays imo 
two pions; i.e lIN -) N'(1440) -) fj N -) mtN. 

Sinee lhere is no low-Iying genuine a resonanee in 
the Jülich model, we identify lhe fj wilh the E 
resonance loeated at Mnn = 1400 MeV. Its coupling 
to mt states is weil determined by a satis[aetory fit 

to the ö::; phase shifts above I OeV [2]. 

For lhe N'(1440)NE venex we assurne scalar cou­
pling, 

[N'N =gN'N 'JfN+,E'JfN +h,c. 
I I I: I C I I 

and estimate the corresponding eoupling constant 

g N'Ne from the experimemally measured branehing 

ratio of 5-1(1\% for N'(1440) -) Nmr~~"., [11]_ 

Sinlilarly, for the entranee chatmel, we employ lhe 
usual interaction vertex 

r - fN'Nrr 'Jf+ - - ur h 
- N0N ---- N· a ·qta 1ta 't'N+ .c. 

fr ,nlf l-

and adjust lhe N'NlI coupling constant tO the 
branching ratio for N' (1440) -) Nlt of 60-70% [11]. 

In the next step we account for the experimental 
acceptance of the CHAOS speetrometer via an 
acceptallce Jactar A(t, Mnn, s,o,) that we evaluate by 
a Monte Carlo teclmique (here t is lhe 4-momentum 
transfer squared 1O the nucleon, Mnn is lhe invariant 
mass of the final mt system and s,o, is the total c_m. 
energy squared of lhe initialllN system). We do lhis 
by generating events in the c.m. frame of the final 
pion pair according 1O our theoretieal scallering 
amplitude, then transform them 1O the laboratory 
frame to see if lhey fall wilhin the experimental 
acceptance of the spectrometer. 
This yields lhe differential cross section for pion 
production on free nucleons. 

darr "N' 
q01l1 

dM"" 161l'3 p;"" 

['=' ( )1 'N'I 2 

J,,,,,, drA r,M"",s,o, .J!l rr
, 

• rr'N' 
where the .,,( is the coherem sum of the one-
pion and N' (1440) amplitudes. 

Finally we assumc that the production of the pion 



pairs occurs at a single nuclear density. We then 
average the cross-section above over Ihe Femli 
sphere approprime 10 Ihal densily. The resuhs of our 
calculauon are shown in figs I and 2. 
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Photon-Photon and Photon-Hadl'on Intel'actions in PP and AA Collisions 

G. Bauf) K. Hencken'\ P. Staglio!i* , anel D. Trauunann* 

In central collisions at relativist.ic hea\'y ion co!­
liders Iike RHIC at Brookl!aven and LH C at 
CERN/Geneva one aims at producing and detect­
ing a new form of hadronic matter , the Quark Gluon 
Plasma. It is the purpose of [1) to discuss a comple­
mentary aspect of these collisions: (.he ver)' periph­
eral o nes. Due to cüherence there are strong eleciro­
magnetic fields of short duraLion in such collisions. 
They give rise to photon- photon and photon- hadron 
collisions up t.o invariant mass regions hit.herto unex­
plored experimentally. Recently it. was suggested to 
use the CMS detector at LHC to do photon-photon 
physics at LHC (2). Some aspects of this were di,­
cussed in detail in cOl1llection with t.he Letter of In­
tent for FELIX (3). 
Ref. [1) is structured as folIows: After a general intro­
duction a survey of peripheral high energy collisions 
is given. Then ilnpad parameter dependent equiv­
alent photon spect,ra are discHssed. They serve to 
calculate the , '-, luminosit.ies relevant for the hea,'y 
ion collisions, where strang absorption at. small im­
pact parameters is an essential feature . In a chapter 
on photonuclear reactions the production of \lectar 
mesons is discussed among other things. This is of 
interest for LBC physics, where a new energy regime 
wil! be entered and also for RHrc, where the in­
variant. mass region of HERA is relevant [4]. Then 
photon-photon physics ig discussed wit.h applicat.ic ns 
to LHC [2, 3J and RHIC (4). Then QED electrons 
are discussed , wit,h special emphasis to the €'ffects 
of strang field s, like t.he multiple pair production. It 
is concillded i.ha t photon-photon ph)'sics and . more 
generally, peripheral collisions are ?"·n interest.ing and 
fruitful topic of research for future hadron colliders. 
Shortened and somewhat. updated reviews can also 
be fOllnd in the following proceedings (5),[7),and (6). 
Calculation ofhigher order effect. in electron-positron 
pair production in relativistic heavy ion col!isions 
have recentl)' been done in (8). Whereas the si ngle­
pair production cross seetion is mainly unaffected by 
these higher order effects, cross sectiotl for mult.iple 
pair production were found to be rat.her sensitive. 

References: 

[1) G. Raur , K. Hcnckcn and D. Trautmann, Jour­
nal of Ph)'sics G Topical Review 24(1998) l657. 

(2) G. Baur . K. Hencken, D. Trautmann . S. 
Sadovsk)' and Yu . Kharlov , Photon-Photon 
Physics wit.h heav)' ions at CMS, CMS Not.e 
1998/009 , available from tbe CMS informa­
tion server at. http:/cmsserver.cern .ch,1998 and 
"Non QG P Ph)'sics at CMS" CMS Heav)' Ion 
Chapler. in preparation. 

(3) FELIX Letter of Intent. CERN / LHCC97-45, 
LHCC/llO(1 997) . 

123 

(4) S. Klein and E. Scannap;eco, Th e Gold Flash­
light , STAR Note 298, 1995. 

(5) G. Baur, IC Hencken, and D. Trautmann, Two 
Photon Physics in pp and A.A C'ollisions, 1n­
vil.ed talk, Proceedings of the Luna workshop 
on photon interactions and the photon strl!C­
ture, Lund, September lO-13 , 1998, edited by 
G. Jarlskog and T. Sjostrand , hep-ph/ 9S10418. 

[6] G. Baur: K. Hencken , and D. Trautmann) 
Photon-photon and photon-hadron interactions 
at Re!at.ivistic heavy ion co11iders:Talk given 
at t.he Erice 98 Summer School on Heav)' Ion 
Ph)'sics, 1.0 be published in the Proceedings, 
nuci-t.h/9810078 . 

(7) D.Traut.nlann ,Z.Halabuka ,T .Heim,K.Hencken, 
H.i\'Jeier,and G.Baur Excitation .md Ionization 
of exotic and non-exotic atoms in heav)' ion col­
lisions, Denton Conference}Novemberl098 

(8) K. Hencken ,D. Trautmann, and G. Baur, to ap­
pear in Ph)'s. Rev. C, nucl-th / 9808035 . 

*Instit.ut für Theoretische Physik} Universität Basel , 
Klingelbergstrasse 82, CH 4056 Basel , Schweiz 



Bethe-Heitlel' Cl'oss-section for very high photon enel'gies and lal'ge Juuon scattel'ing angles 

G.Baur and A.Leusehner* 

This work arose out of a practieal question. At fu­
ture Linear Colliders like TESLA [2J eleetron and 
positron beams of several hundreds of GeV and high 
beam powers of some 10 MW have to be absorbed 
after having passed the interaction region. In this 
proeess, high energy photons are produeed whieh in 
turn give rise to high energy muons. In order to esti­
mate the muon radiation dose at earth surface above 
the Linear Collider [3J pair production eross-seetions 
for large angles are neeessary. This is a weil known 
problem whieh has been studied many times, most 
elaborately probably by Y.S.Tsai [4J. An exaet Imv­
est order forrnula is given there , whieh conesponds 
to the graphs shown in figs .1 a) and b). The infor-

p P 

k k 

P", .. "" 
p, 

q 

z x z x 
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Figure I : Feynman graphs deseribing the process 
"I + A -t p + p+ + X 

mation about nuclear structure is fully contained in 
the electromagnetie strueture functions W1 and W2· 
However, this formula is very complieated and hard 
to evaluate praetieally, espeeially if one has to inte­
grate over the unobserved lepton with fourmomen­
turn p+ (e or )1, we are here eoncerned only with 
muons). Therefore practical ealculations were done 
using the Weizsäeker-Williams (or equivalent pho­
ton) approximation. This eorresponds to the kine­
matieal situation where the square of the momen­
turn of the exchanged photon, q2 = _Q2 , is specially 
small (q2 '" 0). In many situations, this is the dom­
inant eontribution, In our studies we found another 
kinematical situation to be important. It corresponds 
to the muon pole, where the intermediate muon is 
elose to its mass-shell ('Iequivalent muon approxima­
tion"). This has been studied before [5J (see also [6]) 
and we adopt the formulations of these authors. 

Starting from the usual formula for the Bethe­
Hei tler process (where infinitely heavy point-like nu­
dei are assumed) we explain the general features of 
the pair produetion proeess and its important lim­
iting cases. Then we discuss the general case, where 
structure effects are taken into aeeount (along with 
the effects due to the finite mass , or reeoil effects) . 
The information needed as an input is sufficiently 
weil known (see [7]) , specially from electron scat­
tering, Then we provide some illustrative examples, 
together with diseussions and conclusions, In fig.2 
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we show muon inclusive cross-sections for the Bethe­
Heitler process off a proton. 
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Figure 2: The inclusive muon cross-section in , -p 
scattering of 200 GeV photons on a proton as a 
fun ction of the polar angle O. The muon energy is 
120 Ge V. From top to down 3 different curves are 
shown: deep inelastie, elastic , p-6.. 
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Bound-Fl'ee Pair Pl'oduction in Relativistic Heavy Ion Collisions and Relativistic Antihydrogen 
Production 

H.Meier* ,Z.I-Ialabuka* ,I<.Hencken* ,D.Trautrnann* ,and G.Baur 

Antihydrogen ,the simplest bound state of antimat­
ter,has first been produced and detected in 1995 at 
CERN in the Low Energy Antiproton Ring(LEAR). 
(1) We evaluate the matrixelement for bound-free 
pair production using partial wave decomposition. 
(2) The same matrixelement is also evaluated in (3) 
whefe perturbative wave functions for the leptons 
are used.In the present method,the validity is not 
restricted to small values of Za.The charge number 
of the nueleus,to which the lepton is bound is de­
noted by Z. We can also apply this method to e+e­
bound ftee transitions in relativistic heavy ion col­
Iisions.There are some discrepancies of the present 
results to those of (3) for sm all va lues of the Lorentz 
factor1,while the agreement for larger values cf I is 
good.The reason may lie in the approximations used 
for the wave functions in (3) .For low values of i one 
is sensitive to sm aller distances,where the exact wave 
functions used hefe differ more from each other than 
at larger distances,relevant for the larger values of 
i.See e.g. Sects.14 and 15 of (4) 
Now we apply our methods to bound-free pair 
production in relativistic heav,Y ion collisions.Exact 
Dirac wave functions are used. In Fig.l we show 
our results for pair production with e- capture into 
the K-shell. This is relevant for the heavy ion lu-
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Figure 1: The cross sectioner" far ]{ -shell bound-free 
pair production in an Au-Au collisioll is shown as a 
function of the Lorentz factor I in the collider refer­
ence frame 

minosities at RHiC and LHC. For a general refer­
ence see (5)We also calculated capture into higher 
orbits(2s,2pl/2,2p3/2 ,3s, .. )and COol pa re to the sim­
ple l/n3 scaling law.For further details see (6). 
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Bremsstrahlung froln Electl'ons and Positrons in Re1ativistic Heavy Ion Collisions 

JC Hencken\ D. Trautmann* ,and G. Baur 

The cross-section for electron-positron pair produc­
tion in relativistic heavy ion collisions is huge, see, 
e.g., [I] for a general reference. On the other hand, 
bremsstrahlung in peripheral relativistic heavy ion 
coll isions was found 10 be smalI, both for real [2] 
and virtual [3] bremsstrahlung photons. This is es­
sentially due to the large mass of the heavy ions. 
Since the cross sectioll for e+ e- pair production is 
so large, of the order of 100 kb for RHIC and LHC, 
one can expect to see sizeable effects from the radia­
tion of these light mass particles. In the soft photon 
limit (see, e.g., [5]) we can ealeulate the cross sedion 
for soft photon emission of the process as 

z + Z -; Z + Z + e+ + e- + 'f 

as 

( ) 
2 [ p_ P+ ] 2 d

3
k du k,p_,p+ = -e -k - -,. -4 2 duo(p+,p_) 

p_. p+~ 1r W 

where duo denotes the cross section for the e+ e- pair 
production in heavy ion collisions. Using our code [4] 
for the e+ e- pair production we can caleulate the 
soft photon emission from the outgoing lepton lines 
numerically according t.o this equation. An alterna­
tive approach is done by using the DEPA(double 
equivalent photon approximation) and caiculating 
the exact lowest order matrixelement for t.he process 

In fig.l we show resltlls of such a cakulation for low 
energy photons. 
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Figure 1: The cmss seelion Ja .. bremsstmhlungspho­
tons Jor Au-Au colhsions at RHIC are shown as a 
Junelion oJ the photon ene .. gy Jor different angles. 

These low energy photons constitute a background 
for the detectors. Unlike the low energy electrons and 
positrons, they are of course not bent away by the 
magnets. Recently the soft bremsstrahlung photons 
from central ultrarelativistic nucleus-nucleus colli­
sions were suggested to be used to infer the rapidity 
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distribution of the outgoing charge [7] . We note that 
the presently considered soft photons from periph­
eral collisions can be a souree of background for the 
considered experiment. 
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There is DO missing isoscalar monopole strength in s8Ni. 

S.Kamerdzhiev·, J .Speth, G.Tert.ychny", and F. Osterfeld 

Till very recently there were still many questions con­
nected with properties ofthe IS EO giant resonance in 
nuclei \\'ith A<90. An importent. one being the prob­
lem of distribution of EO strength and small amount 
of it observed in several nuclei. The most racent 
'OCa(a, a') experiments at E Q = 240 MeV et small 
angles including 0° gave (92 ± 15)% of the IS EO 
EWSR in the (8 - 29) MeV interval [lJ. But the same 
experiments and the same analysis for sSNi gave un­
expected results. Onll' 32% (at best <50%) of the 
15 EO EWSR was observed in the (12.0 - 25.0) MeV 
region [2J. In fact, these 58 Ni results increased uncer­
tainties ror the A <90 nuclei. The improved analysis 
oi the experimenta! data [2J in Ref. [3J based upon 
the most realist.ic folding models gave about 50% of 
the IS EO EWSR in S8"i. 

In our preliminary calculations [6J we compared with 
the theory only the form of the experimental speetra 
for the 5SNi(a, a') in the observed (12 -25) MeV in­
terval because there were no deta about the corre­
sponding absolute values in Ref. [2J. A good agree­
ment with these experiments was obtained but our 
value of the IS EO EWSR was equal to 71.4%. We 
concluded that a considerable pert of the strength 
might be hidden in the experimental background [2J. 

Recehtly it was reported by the authors of Ref. [2J 
. that they have extended the observed energy inter val 

up to 35 MeV in several of the A<90 nuclei includ­
ing 58Ni and found some additionallS EO strength at 
higher excitation energy [4J . Thus, due to this fact. 
and also with taking into account a continuum under 
the monopole peak 75-100% of the EWSR might be 
present belo\\' 35 MeV excitation energy [5J. In ad­
dition, some absolute values of experimental spectra 
are known at present [4J. 

For the A <90 nuclei the giant resonance strength has 
a broad distribution, the role of the nuclear surface 
is more important than for heavier nudei and (a, a') 
reactions are very sensitive to the nuclear surface. 
Thereiore, taking into account, in additio~ to the 
RPA configurations, more complex 1p1h®phonon 
configurations with surface collective phonons should 
be rather essential. For these reasons a consistent 
microscopic nuclear structure model wh ich accounts 
for both of these kind configurations has been used 
here [7, 8, 9J. It was shown in Ref. [9J that the 
microscopic transition densities depend on the en­
erg)' interval considered especially if the inter val is 
sm all (we considered 5 MeV bins). In this respect 
Dur microscopic transition densities are very differ­
ent from the phenomenological ones which are not 
energy dependent and which have been used sofar in 
conventional analyses. We calculated in the present 
microseopie approach the distribution of the IS EO 
strength and the corresponding (a , a') cross sections 
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for the isotOpe 58 Ni in the both analysed energy re­
gions (12.0 - 25.0) ~1eV [2J and (12.0 - 35.0) MeV 
[4, 5] . 

The comparison cf the cross sedions with the exper­
iment at the observed angle B = 1.08' is shown in 
Fig. 1 and in Fig. 2 at B = 4.08° The experimental 
data in Fig. 1 have been laken from Ref. [4J . They 
were obtained there after substraction of the exper­
imental background. One can see from Figs. 1, 2 
that a good agreement with the experiment for ab­
solute valees of the total cross sections has been also 
obtained. The contribution of the 15 EO resonance 
in our calcu!ations is 71.4% of the IS EO EWSR in 
the (12.0 - 2.j.0) :VIeV interval. This means that a 
considerable part of the EO strength was hidden in 
the experimental background [2] (see also below). 

In the recent 58Ni(a, c') experiment [4J (see also [5]) 
the authors extended the observed energy interval 
up to 35 lvIev and obtained an additional monopole 
strength in lhe (25.0 - 35.0) MeV region. Therefore, 
it was necessary to substract another background 
and anather additional strength should appear un­
der the previo<is (12.0 - 25.0) MeV interval. This 
can be dearl)' seer. from Fig. 1. In Ref. [2J the 
background was substractecl beginning from 25 MeV 
for the case B = 1.08° as it is shown by the upper 
border of the shaded area in Fig. 1. In other words, 
only the part of the EO resonance which is higher 
than this upper border could be observed in Ref. [2J . 
In the recent experiment [4, 5J the background was 
substracted beginning from about 35 MeV, to be ex­
act, the experimental data given in our Figs. 1,2 were 
counted from the new background which corresponds 
to zero on the vertical axis. So the shaded area in 
Fig. 1 corresponds to the 15 EO strength which could 
nOt be obseryed in Ref. [2J and was observed in the 
newest experiments in addition to the oId result in 
Ref. [2J. It is possible to estimate approximately 
the part of the IS EO EWSR corresponding to this 
shaded- area. The square of the area which is the 
sum of the shaded one and that of the EO resonance 
upper than the shaded area is about 138.3 mb/sr. 
This figure corresponds to our 71.4 % of the EWSR. 
The shaded area gives 42 .6 mb/sr which corresponds 
to 22 % of l.he IS EO EW5R and was missed in the 
Ref. [2) experiment. 

We havc also performed the calculations like those 
in Figs. 1,2 for the unstable nucleus s6Ni which is 
of astrophysical interest. The difference between the 
corresponding curves in not very noticeable on the 
whole for the regions beginning from about 10 MeV. 
Only the maximal values of the double cross sections 
are more for 56Ni by 12-14%. BUI for the (5-10) MeV 
regions the ~8Ni values for the total cross sections are 



much larger than for "Ni, especially for B = 4.08° 
this difference is nearly a factor of two. 
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Fig.l. Cross sections of SSNi("" ",r) at Ec = 240 MeV 
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curve) were taken from Ref. [4]. The solid curve 
gives the total (summed) cross section, the dotted 
line ("Rest(EL)") corresponds to the sum cf the IS 
and IV E1, and IS E3 and E4 multipoles. The shaded 
area shows an additional IS EO strength ",hich could 
not be observed in the experiments of Ref. [2], see 
text. This area corresponrls to 22% of the IS EO 
EWSR. 
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Fig.2. Same as in Fig.1 but for 8 = 4.08°. The exper­
imental data were produced by us using the results 
of Ref. [2). 

In condusion; using a microscopic nuclear structure 
model that takes into account the continuum RPA 
and 1p1h®phonon configurations we were able to 
describe the experimental spectra for 58Ni(a, 0/) in 
the observed "nergy interval [2J with the microscopic 
pt,s. Ho,,"ever, the percentage of the IS EQ EWSR 
turned out to be eq ual to 71.4'70 in the earlier ob­
served (12.0 - 25.0) MeV int.en·al instead of the value 
of ~5Q% of the EWSR reported in Refs. r2 , 3J, where 
a conventional analysis ha~ heen used . In the ne\\' 
(12.0 - 35.0) MeV observed interval we have obtained 
89.6% of the EWSR. The latter is confirmed by the 
newest analyses of the same authors. \~e have shown 
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that a fraction of the IS EO strength in sSNi might 
be hidden in the experimental backgrou'nd [2J. The­
oretically, it is difficult to imagine any mechanism 
whicb would reduce so strongly the IS EO strength 
in nuclei heavier than 40Ca. Dur general conclus!on 
is that for A <90 nuclei it is necessar)' to use micro­
scopic transition densities. 
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Configllration Mixillg Effects in Isoscalal' Giant Dipole Resonance 

M. Wojcik* and S. Droidi* 

Vve evaluated thc isosralar giant dipole resonance 
([SGDR) streugUl distribution using a prescriptiOll 
described in ref [I). [SGDR is one of the most in­
teresting nuc1ear excitation modes. This partly orig­
inates from the fact that its centroid energy can di­
rectly be related to the nuc1ear compressioll modulus 
[2). The corresponding one-body isoscalar dipole op­
erator reads: 

f = ,.3y, - ryrY" 

where ry = 5(,·2)/3 . Th~ second term in this equation 
remO\'es the spurious center of mass motion compo­
nent from the operator ,.3y, [3) . The resulting 31,W 
strength distribut.ion in ,o8Pb on the Iplh level is 
located between 20 and 25 MeV. This about cor­
responcls to the energy region where the isoscalar 
dipole strengtll can be identified in the present day 
experiments on 20Bpb [4). The pie tu re changes how­
ever significantly when mixing due to the coupling 
10 2p2h states is a!lowed. This is iIIustrated in Fig. I 
which on the three succesive panels indicates a degree 
offragmentation for H th = 0.4,0.3 and 0.2 MeV. The 
number of the 2p2h states (349,1125 and 4374 respec­
tively) included correspond to 1(IIHI2)12: H th . 
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Fig. 1. Isoscalar 3nw dipole strengtll distribution 
in 208Pb calculated in the space of Iplh and 2p2h 
states, for three different. values of Hth . 

Consistently with our previous investigations [5} a 
specific form of the resulting strength distribution 
strong!y depends on mall)' factors and lIms also on 
H th. However, more global characteristics, like a per­
centage of the tot.al strength in certain sufficient.ly 
large energy windC\\'s is much more stable. A rea­
sanable convergence of those results, together with a 
realis tic input of t.he present model, provides quite 
a convincing indi cat ion that one may expect about 
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50% of the total r = 1- isoscalar 3nw strength 
in the lligher energy region , above 25 MeV , i.e ., in 
the region which is dominated by many other mul­
tipoles and t.hus this portion of the strength escapes 
an experimental detection. Even above 30 MeV one 
finds almost 10% of the total strength. The present 
calculations thus suggest that arecent empirical es­
timation [4) of the nuelear incompressibility (I{A = 
126 ± 6 MeV) for 20Bpb may appear much to low. 
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Dcnsity dependen! relativistic Hartree-Fock thcory with isovector mesons 

B.Q.Chen*, Z.Y.Ma*, F.Grummer, S.Krewald 

Brockmann and Toki have suggested a meUlOd that 
allows to link we binding energies and radii of 
finite nuclei to the nucleon-nuc1eon imeraction via a 
local density dependence approximation to the 
Dirac-Brückner-Hanree-Fock (DBHF) [I]. Density 
dependem coupling constants of the meson-nucleon 
interaclions are derived from DBHF calculations in 
nuclear matter. The relalivistic density dependem 
mean field approach (ROH) with 0, cu as weil as p 
mesons gives satisfaclOry descriptions of ground 
state propenies of a few stable nuc1ei, a1though the 
fit quality cannot match the one achieved in the 
RMF theories [2]. Investigations of Ws type are 
very imponant for our understanding of properties 
of finite nuclei in a parameter free way. The model 
so far has been applied only to a relalively small 
number of nuc1eL Therefore il is of great imerest to 
extend such density dependem relativistic model to 
defonned and exotic nudeL 

In the ROH the Pauli exchange effects have been 
neglected. Fritz, Müther and Machleidt [3] pointed 
out that the nuc1ear radii are reduced once the Pauli 
exchange effects are taken imo account. On the 
other hand, after incorporating both 1t and p­
exchange (inc1uding in particular the tensor pan of 
the p-N coupling) into the relalivislie density de­
pendent Hanree-Fock approach, larger radii are 
found [4]. These findings suggest that the effects of 
Fock tenns be investigated more Uloroughly. 

As an exarnple for our study we choose Ule Ca iso­
tope chain. In both the relativistic densily dependem 
Hanree- and Hanree-Fock approximation, the CJ>.N 
and the o-N coupling constallls are adjusted to 
reproduce the nuc1eon self-energy in nuclear matter. 
Therefore it is not loO surprising that both methods 
reproduce Ule binding energies of N=Z nuclei wilh 
comparable accuracy. 

In Fig. I we show the binding energies of the Ca 
isotopes obtained in our model. The effect of the 
Fock tenns on the binding energies in Ule vicinity of 
the N=Z nucleus "'Ca is small, as expected. Wilh 
increasing neutron excess, however, Ule inclusion of 
the Fock terms leads to a reduclion of the binding 
energy. One might expect that isovector mesons 
may eomribute significantly for nuc1ei with large 
neutron excess. We therefore extend the caleulation 
to inc1ude both 1t and p. We find that the inc1usion 
of Ule 1t and the p makes a perceptible change in the 
calculated binding energies. Experimemally, the 
binding energies of the Ca iSOlOpeS are known only 
til l A=56 (open circles ) [5]. We use the finite range 
liquid drop model by Möller, Nix and Kratz [6] to 
extrapolate the binding energies of the exotie nuclei 
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till A=70. The comparison with the experimental 
data shows that the ROH approach is not able to 
reproduce the slope of the curve of the experimental 
binding energies. The slope is properly descri~d as 
soon as the Fock tenn is included. 
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To conclude, the density dependent relativistic 
Hanree-Fock theory has been employed to investi­
gate properties of neutron rieh nuc1eL For the first 
time the effect of Fock exchange tenns and isovee­
tor mesons on these propenies has been studied. It 
is found that these tenns give large contribulions to 
properties of exotic nuclei as compared to the 
Hanree approach. Especially in the case of very 
neutron rich nuclei, where e.g. a neutron halo is 
expected, one has lo take into account all additional 
effects. 
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A shell model dcscription of high-spin states ill rare earUllluclei 

R. D. Ratna Raju', S. B. Prem Kumarb, I. Shyam Kishore', F.Grummer 

A cluster-rotor weak-coupling model was proposed 
by Evans and Hanis [I) for the description of back­
bending, approximating the rotating core by a rigid 
rotor and using a pure pairing force as the residual 
two-body interaction among abnormal parity parti­
c1es. This model was later extended by Grummer 
and his co-workers (2) by including pair scattering 
between the core and valence i Da orbital and Sur­
face Delta Interaction (SDI) instead of pure pairing 
among valence panicles. They studied extensively 
the behaviour of the moment of inertia varying the 
particle number as weil as the seniority of the va­
lence system 

In this work we want to provide a pure shell model 
description of high-spin states using the pseudo 
SU(3) truncation scheme (3) in lhe natural parity 
configurations of the rare earth nucieL The useful­
ness of this truneation scheme for the description of 
collective properties of heavy deformed nuclei in 
the low-spin region has already been weil estab­
Iished (see e.g. (4)). Our approach in the presem 
work is analogous to the one presemed in (2). But, 
inslead of the rigid rotor slates we make use of 
truncated shell model Slales to describe the rOlating 
core. The truneation is effected through the pseudo 
SU(3) scherne. 

We chose .ooYb and .62Yb as lest cases since a large 
number of the Yb isotopes exhibit backbending, 
offering a possibiJily to test the consistency of the 
model subsequently. Furthermore, the leading rep­
resentations thaI characterise the natural parity 
proIon and neutron configurations are both unique 
for lhese isotopes. 

In a first stage of caleulations the SDI has been used 
as the proton- and neutron- Hamiltonians of the 
core. 11 is then found thaI the core energies in the 
yrast band ntintic very c10sely the rigid rotor ener­
gies. In order to obtain a more realislic description 
of the rotational bands we adopted the Hamiltonian 
(HlnR), introduced by Leschber, Draayer and Ro­
senstee! (5) reeemly, which is an SU(3) realisation 
of the quantum triaxial rotor. It ean be writlen as 

\vith 

X 3 = .!..J30[(J X Q)' X J' f and 
6 

X, =.=2.J3[(JXQY X(QXJYf, 
18 
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We compare in Figure I t1le theoretical backbend 
curves obtained \vith eore energies generated using 
SDI and LDR HarniltOluans for the core with the 
experimental one for .OOYb. As was pointed out 
earlier, in the low spin region below the critieal 
angular momentum, the theoretical backbend curve 
generated \vith HSDI for the core Harniltonian, is 

nearly parallel to the X-axis indicating that the 
moment of inertia is almost constant. The agree­
ment between theory and experiment is better when 
HlnR is used to describe lhe core. 
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On Elastic Nucleon-Nucleus Scattering in a Consistent Fermi-Liquid Theory. 

V. Klemt 

Whereas many-body GREEN'S-function techniques 
have lang been used in nuclear-structure calculations 
[l][2J , they have never become fashionable in reaction 
theory. 

Same of their advantages, in partieular inherent 
proper antisymmetrisation, have early been recog­
nized and described in a review article by VILLARS 
[3J . However, the whole formalism there, as well as, 
e. g., in a later article by BRIEVA and NAGARAJAN [4], 
is developed in terms of the bare nucleon-nucleon in­
teraction, without dwi consideration of the fact that 
a force with a strong repulsive eore does not generate 
a suitable HARTREE-FoCI< mean field. 

An early attempt to deseribe nuclear reactions consis­
tently in terms of an effeetive interaction was made by 
BRENIG [5J . He pointed out that the GREEN'S func­
tien method provided a more natural cOJmection to 
linear-response theory than the more eommonly used 
FESHBACH theory [6J. Additionally, he showed how 
the S matrix could be expressed, in an RPA-like ap­
proximation starting from plausible assumptions on 
the pole structure of the mass operator, in terms of 
the many-body T matrix. 

Yet, after all, this approach is still rather heuristie. 
A more systematic connection beteween mass opera­
tor and the T matrix was given, for bound states, by 
the author [7J. Two equations , one of them equiva­
lent to the DYSON equation, another one exploiting 
particle-number eonservation, deseribe the speetra of 
even-odd systems, a complementary set of equations 
generalizes the RPA equations for even-particle sys­
tems. The first two of these equations start from 
the expeetation values of the energy and the part i­
cle number, respeetively. Sinee this is impossible for 
eontinuum states, one has to replace these by matrix 
elements between ineoming and outgoing scattering 
states . The S-matrix elements formed in this wayare 
restrieted to the energy shell . If only the elastie chan­
nel is open and the target is a magie nucleus the result 
beeomes partieularly simple. Summarizing the quan­
tum numbers of the partial wave in the index s, we 
get (Öss' = ÖII'Öjj' ö(E - E')) 

Now the products 

form a matrix of rank one in the indices v and ri ) 
so that diagonalization results in one selected single­
particle orbit that carries the full overlap strength, 
while all the others earry none. 134 

Using the relation [~\ - l) = e-2i6, [~\+ l) for pure elas­
tic scattering and choosing the index" for the selected 
orbit we get on the energy shell 

and eonsequently 

The quantity Ös here is the full phase shift of the 
partial wave s, while Js is (for not too strongly at­
traetive fOJ'ees) the eorresponding maximally possible 
phase shift generated by a (energy-independent but 
possibly nonloeal) one-body potential. Usually one 
may approximately identify this potential with the 
HARTREE-FoCI< mean field. 

In the simplest possible ease a single pole will give 
a dominating eontribution. Assuming optimal shell 
closure we get in seeond order perturbation theOJ'Y 
[7J (no angular-momentum eoupling earried out for 
simplicity) 

2(' 7)_1 [Vuinn,[2 tan os-os -
2 E+ci -€n -cn' 

with a two-particle one-hole pole. Two special eases 
are especially interesting: Destructive interference oc­
eurs for a pole term that gives Ös = 0 while a maximal 
cross seetiOtl is reaehed for Ö, = 7l' /2 (eompare seetion 
IV.2 of FESHBACH'S book [6]). 

The quantity eos2(ös-Js) is the exaet scattering 
equivalent to the the single-particJe strength faetor Zs 

for bound even-odd states. It remains to be explored 
whether there are other kinds of eorrespondenee, as 
e. g. between destruetive and eonstruetive interfer­
enee of scattering states and the single-particle and 
eolleetivity dominatated partners with equal quantum 
numbers among the bound even-odd states. 

It is worth mentioning that the equations above give 
only the magnitude of the differenee between the full 
and the potential phase shift. Full information is, of 
course, only contained in DVSON's equation. 
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New applications of CoulOlnb dissociation for nucleal' astl'ophysics 

G. Dam, S. Typei' . and H. H . 'Nol ter" 

In llllciear ast.rophysicB radiative capture reaet.ions 
of thp. t.ype b -+- c -> (! + ;' playa. ver)' important 
role. They can also be stlldied in the time-revCfsed 
reaction , . -:- a --+ b + c: at leasL for those cas€s w here 
the nucleus a is in t,he grolll~d statc . As a photon 
beam we lIse t·he equ ivalent photon spect~'um which 
is provided in the fast periphei"al collisiol1. Recent 
reviews , both from an experimental and a theoret ical 
point ofview have been given [1}: thus we concent.rate 
here on a few point.s. 
Nuc1eosynthesis beyond the iron peak proceeds 
mainly by the ]'- and s-processes (rapid and slow 
neutron capture) [2, 3J. To establish I.he quantitative 
details of t.hese proeesses, accurate energy-averaged 
nellt.!·OI1-capt.ure cross sections are needed. 
In such a situation, the Coulomb dissoci at ion can be 
a very usrful tool to obtain information on (n,'Y)­
reacUon cross sect.ions on ullstable nuclei J where di­
reet measureme:1ts cannot be done. Of course: one 
cannat and need not study t.he capture cross section 
on all t.he nuclci illvolved; there will be some key 
reactions of nuclei dose to magie numbers. Quit.e 
recent l)', it was proposed [4J Lo obt.ain information 
abollt (n,"'I) , eaction cross sections , using nudei like 
134~,ro , 126Ru, 128Pd and 130Cd as projectiles . The 
optimum choice of b~am energy will depend on 
the actual neutron binding energy. Since the Aux 
of equ ivale!1t photons has essentially an t depen­
dence: low neutron thresholds are favourable for the 
Coulomb dissociation met.hod. Note that only in­
formation about thc (n,')') capture reaction to the 
ground state is possible wit.h t.he Coulomb dissoci­
ation method. The sit.ua.tion is remilliseent of the 
loosely b01ll1d neutron-rieh light nudei , like lIBe and 
11 Li . In t.h·is eontext. the recent Coulomb dissoeiation 
experiment of 28.53 MeV J nucleon 9Li is I\'orth mell­
'tioning [5J . It is rele,·ant. for the 8Li(n :7) reaet io!i 
",hieh is of interest fm' inhomogeneous big bang nu­
cleosynthesis . 
A nel\' neid of application of the Coulomb dissoci­
ation method cOllld be two part.icle capt.ure reac­
tions. Evident ly, they cannot be studied in a di­
l'ect wc.,)' in the !aborat.ory. Ho\\'ever. sometimes t.he 
relevant inforll'-:ation about resonances involved can 
also be obt.ained by other means (transfer reactions. 
etc.) , like !11 the t'riple a-process. Two-neutron cap­
t.ure reac:t.io ns in supernovae neu t.rino bubbles are 
stlldiccJ in [6J. In the case of a high neutron abun­
dance, a sequence of two-neutron captllrt' reactions, 
4He(2n:y)5He(2n.'))8He can bridge the A = 5 and 
A = 8 ga ps. The 6He anel sHe nuclei may be formed 
preferent.ially by t\vo -.:;tep l'esonant proeE'sses througr: 
t,heir broad 2+ first excitoc st.ates [6J . Dedieated 
Coulomb dissociation exper!ments can be useful. An­
o ther key reaction ean b~ the 4He(a n,,,),) reac llon [6]. 
Also in t.he rp-process, t.wo-proton ca pture react. ion:; 
can bridge the waiting poi nt.!; [7. 8. 9J . Fro!11 rhe 
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!50(2p ,',)"l\'e, 18i\"e(2p,')!'0 ;VIg and 3SCa(2p,')') ,oTi 
rp.act ions eonsictered in Ref. [81, the latter call aet 
as an efficient rcaction link at conditions typical fcr 
X-rar bursts on neutron stars. A 40Ti --+ P + P + 
3SCa Coulomb dissociation cxper!ment: should be fea­
sible. The decay with twO protons is expeeted to be 
sequential rather than eorrelated ("3 He" -em ission) . 
In Ref. [91 it is found that in X-ray bursts 21'­
capturc reactions accelerate the reaction Row into 
th e Z 2: 36 region considerabll'. lt is proposzd (0 

study the Coulomb dissociation of these nudei in or­
der to obtain more direct insight ir.to the 2p-capLure 
proces. [10J. 
Quantum tunneling p!'ocesses following Coulomb ex­
citations are stuclied in a time-dependent approach 
in [in. 
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Operating Report of eOSY in 1998 

u. Bechstedt, J. Dietrich, K.Henn, A.Lehrach, R. Maier, 
D. Prasuhn, A. Schnase, R.Stassen, H. Stockhorst, R. Tölle 

Beam time statistics 
The scheduled beam time for COSY in the year 1998 has 
amounted 7172 hours. With an up-time of 6766 hours the 
accelerator complex has proven good reliability of nearly 
94%. The maintenance time was additionally increased for 
Ihree weeks due to vacuum foils ( carbon fibre) burst in the 
large ANKE dipol chamber. The beam time distribution 
for the COSY operation is shown in Fig. I. 

Tc:d~lI 

Fig. I: Beam time distribution for COSY in the year 1998 

Stochastic eooling 
Longitudinal stochastic cooling by the filter method and 
transverse eooling wefe routinely applied during eaSY-li 
experiment runs. This experiment located \Vith a cluster 
target in one of the arcs of COSY demands besides • high 
luminosity a small diameter in the reaction zone in order to 
reconstruct the mass spectrum with high resolution. 
IVithout cooling a special optic of the COSY ring was 
necessary to create a small beam spot size at the target 
location. Furtherrnore, during the experiment the optical 
conditions had to be continuously adjusted in order to 
prevent the beam spot from moving away from Ihe target 
due to energy loss. This becomes especially important 
during lang time runs. Using stochastic eDoling the optic is 
adjusted to optimum eooling eonditions. eooling of the 
transverse and longitudinal emittanees simultaneously 
keeps a high beam quality during the whole time of the 
experiment. COSY had only to be refilled for a next spi ll 
due to losses eorning from reaetions between the target and 
the proton beam. Cycle lengths of more than one hour with 
an increased duty cycle are now possible and used for 
experiments. The perfonnance of the eooling system could 
be further increased by replacing the electrical notch filter 
with an optical transmission line version. Developments to 
apply stoehastic eooling in supereyc les were carried out. 

Polarized Proton Beam 
The acceleTation of a polarized proton beam up 10 the 
design momentum ofCOSY (3.3 GeV/c) was realised using 
the successfully commissioned tune jumping system. 
Correction dipoles or the solenoids of the electron cooler 
acting as partial snake have been used to eonserve the 
polarization at the imperfeetion resonances by exciting total 
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spin flips. The magnetic structure allows to adjust 
superperiodicity P = 6. Then on ly one resonance is excited 
wh ich flips the spin with polarization losses. To conserve 
polarization at this resonanee a tune jumping system was 
developed. To .ccelerate the beam to maximum energy the 
transition energy is shifted upwards with the horizontally 
foccussing quadrupoles in the arcs which leads to a reduced 
superperiodicity. Additional intrinsic resonanees are exeited 
which can be suppressed by tuning the vertically focussing 
quadrupoles in the arcs. 

Slacking 
To increase the intensity of the polarized proton beam in 
COSY tests with the electron cooler and a repetitive 
injection were carried out. The orbit bump in COSY for the 
stripping injection was deformed so that the incoming beam 
is not injected on the closed orbit. The resulting betatron 
oscillations as weil as the emittance and momentum spread 
of the injected beam is cooled by the electron cooler. After 
five seconds of cooling the next stack is injected and 
cooled. Due to the deforrned orbit bump the injected and 
cooled stacks do not hit the stripping target and survive the 
next bumper action. The intensity of the beam was reduced 
in front of the cyclotron to an intensity which is comparable 
to the polarized beam intensity. The result was an 
accumulated beam of 4 . 109 protons after about 180 
seconds. The single injection leads to an intensity of I . 109 

protons. 

Commissioning of ANKE 
In May 98 the spectrometer ANKE has been implemented 
into the eaSY ring and eommissioned. It is a universal 
facility for the studies of ejectiles wh ich are emined in 
forward directiOll in coll isions of the proton beam with 
nuclear targets. The separation of the ejectiles from the 
circulating beam and the identification of their momenta 
and emission angles is aehieved with the eentral large 
aperture dipole magnet (D2, 60 tons) of 20 cm gap width. 
The two other dipole magnets (DI and D3, 15 tons each) 
serve for guiding the beam but also for studying reaction 
products wh ich are emined at 180 degrees with respect to 
the beam. The accelerating procedure of COSY has been 
adapted to the new situation with ANKE, i.e. altered orbit 
length, multipole eomponents of the separator magnets 
du ring ramping. Al possible bending angles between zero 
and 10.6 degrees were successfully tested. First 
experiments were started (2.3 GeV, 3.8·lO lOp). 

Stochastie extraetion 
At COSY stochastic extraction is now used in the wide 
moment um range from 800 MeV/c to 3.3 GeV/c. A digital 
noise generator developed at COSY is used for stochastic 
extraction and beam shaping. An extraction efficiency of 
about 60% has been reached for momenta less than 3 
Ge V Ic. The requested spill duration is up to several 
minutes. 



The ANKE 3-Dipole Insertion in fhe eOSY Ring 

U. Bechstedt, N. Bongers, A. Lehmch, Th. Sagefka, M. Simon, H.J. Stein 

TI,e three dipoles DI , D2, D3 of ANKE form a triangular 
shaped clucane in the cooler telescope of the eaSY ring . 
TI,e maximum deflection of the beam in DI is 10.6°. DI, 
and D3 are identical, therefore, the maximum deflection in 
02 is 21.2°. TIüs large orbit bump has to be precisely 
balanced in order to avoid orbit distortions at other 
positions of the ring. TI,e first prerequisite for a proper 
operation of ANKE in eaSY was the determination of tJ,e 
dipole characteristics of the tJrree magnets. TI,e 
dependences B"",,(1) in the center of tJ,e magnets were 
measured by an NMR probe. The B(l) a10ng tJ,e z axis was 
measured witJ, Hall probe based field mapping machines 
[I] . BotJ, magnet types revealed an appreciable saturation 
above one tesla. Also tJ,e effective length 

l,rr(l) ; (I/B"",,(/» J B( I, l ) df 

is reduced by a few percent at high field values or high 
currents, respectively. Both saturation effects were 
combined to tJ,e dependence of the currents on effective 
field values B,rr , Fig. I. Using Mathematica [2], tJ,e 
nurnerical results of tl,e measurements have been 
represented by interpolating functions and approximated by 
tJrree polynomials of forti, order which form the basis for 
controlling the DI,3 and D2 power supplies. B," for tJ,e two 
types of magnets is given by 

B," DI.'; (Bp '1') / (e,rroDl .' ('I' 12) sin( 'I' /2) cos« 'I' /2)-0» 
B,rr D2 ; (Bp 2'1') / (l,rro D2 ('I' / sinrp }) 

where e,rro is tJ,e effective lengll' at low curren\, Bp is tJ,e 
magnetic rigidity of the beam, 'I' is the deflection angle in 
01,0; 3.6 degree is the fixed position angle ofDI and 03 . 
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Fig. I : 02 and 01,3 power supply currents comprising 

tl,e saturation effects of B"",,(I) and e,n(/). TI,e 
variable B,rr is detennined by the beam 
momentum, O,e deflection angle, O,e effective 
lengU, at low currents, and a geometrical 
correction taking into account O,e curved 
trajectory. 
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TI,e trigonometric terms take into account the geometrical 
prolongation of the curved trajectory in the dipoles. To 
compensate different eddy currents in O,e vacuum charnbers 
of ANKE, backleg windings at D I and 03 are activated 
during acceleration. 

The second prerequisite was tl,e choiee of an appropriate 
setting of O,e cooler telescope optics. TI,e eaSY telescopes 
shall preferably be operated in a 1:1-2rc mode. TI,e 
flexibility of the eaSY ion optics a1lows various 
quadrupole settings to fulfill tllis requirement [3]. As a 
general rule, one should choose such a setting which yields 
the lowest ß functions since magnetic field errors and 
disturbing insertions like O,e ANKE dipoles result in less 
distortion of the ion optical properties of the ring. In 
contrast to earlier studies [4], a setting wiO, magnification 
M ; I and common focus between the triplets [3] in the 
polarity configuration dffd-dffd / dffd-dffd is now used. 
The applied setting in tl,e target telescope is M * I in dffd­
fddf / fddf-dffd polarity also yielding low enough ß 
functions. With the assurnption of ideal quadrupole 
properties, the corresponding plot of tl,e lattice functions ß" 
p,., and D at injection energy is given in Fig. 2. TI,e ANKE 
dipoles disturb O,e symmetry of tl,e cooler telescope 
primarily due O,e edge focussing in tlle vertical plane. In O,e 
horizontal plane there is no focussing since O,e magnets are 
of tl,e rectangular type. A sligl,t influence on the optics is 
caused by the 0.068 m longer orbit which is to be compared 
to t1,e distance of 6.456 m between tl,e quadrupole triplets 7 
and 8 where ANKE is located. Fig. 3 shows the lattice 
functions at injection wiO, ANKE operating in the 10.6 
degree position where the disturbances are maximal. In O,e 
vertical plane O,e periodicity P ; 6 is lost as can be seen by 
O,e varying amplitudes of ßr in O,e six unitcells of the ares. 
This is caused by an additional phase advance of 5% in tl,e 
cooler telescope, however, O,e variation oftl,e ßr function is 
still moderate. In O,e horizontal plane tJ,e very small value 
ofO.05% due to the 0.068 m longer orbit is negligible. 

The ß functions at the position of the ANKE target are in 
the range 3".4 m. These values at the target do not change 
much at flat top energy when r transition shifting is applied 
in order to accelerate tl,e eaSY beam. However, tl,e lattice 
functions around the ring are appreciably increased, see 
Fig. 4. Again, these distortions are minimized wiO, O,e 
applied telescope setting. The beam target intemction is 
controlled by moving the beam into O,e strip target wiO, the 
help of two vertical steerers in 21< phase distance. WiO, the 
non-polarized p beam tl,at will be used for the first set of 
measurements wiO, a solid target no optical corrections are 
necessary. 

The requirements for the polarized beam are much more 
stringent. lt is desirable to maintain a higl, periodicity ofthe 
ring in order to avoid intrinsic depolarizing resonances. As 
can be seen by comparing Fig. 2 and 3, ANKE disturbs the 
6 fold periodicity. In principle, Oie cooler telescope with 
ANKE can be adjusted such t1,at in O,e vertical plane O,e 
phase advance is exactly 21<. 
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Fig. 2: Structure of the optical functions al injection with 
ANKE at zero degree position. TIte periodicity 
P = 6 in the arcs is maintained due 10 the 
telescopic 1:1-2n setting of Ihe straight sections. 
Inner magoification M = 1 with dffd-dffd I dffd­
dffd polarity in the cooler lelescope. M " 1 witlt 
dffd-fddf I fddf-dffd polarity in t1te targel 
lelescope. 
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Fig. 3: Structure of t1te optical functions at injection with 
ANKE al the maximum angle position of 10.6°. 
The synunetry of the ring is broken due 10 5% 
more t1llUl 2n phase advance in t1te cooler 
telescope resulting in a certain variation of t1te ß, 
funclion structure from one unil cell 10 t1te olher. 

However, this solution appears rather complicated since for 
t1te cooler telescope one would need six additional power 
supplies in order 10 control the tripleIs 7 and 8 as strongly 
asymmetrie quadrupole tripleIs. A simpler alternative is 
indicaled by laltice calculations which show t1tal t1te ß, 
periodicity in t1te arcs can be mainlained in good 
approximation by slightly reducing t1,e current of tI,e f 
quadrupoles in tripleI 7 with an aclive shunt. However, t1te 
additional vertical phase advance is still 5%. Whetlter tltis 
can be loleraled is nol yel clear [5] and is subjeci of furtiter 
studies. It should be nOled tltal as long as aceeleralion is 
performed using Ytr shifting, a periodicity of onJy P = 2 ean 
be oblained. 
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Fig. 4: Structure of Ihe optical functions al nal top energy 
with ANKE al zero degree applying Y transition 
shifting during acceleration. TI,e P = 6 periodieity 
is also losl, however, in an ideal laltice witlt 
I: 1-2n imaging in the teleseopes, P = 2 is 
preserved al least. 
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10.6°. TIte P = 2 periodicity in ß, is complelely 
lost. Using tlte polarized beam one has 10 deal with 
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Operation of the tune jump system to preserve polarization at COSY 

A. Lehrach, R. Gebel, R. Maier, D. Prasuhn 

A tune jump allows to preserve polarization at intrinsie 
resonances by increasing the crossing speed during 
resonance crossing significantly due to achanging of the 
vertical betatron tune in the range of microseconds. 

Introduction 
In order to accelerate a polarized beam at the cooler 
synchrotron eOSy to maximum energy a tune jump is 
needed to reduce polarization lass du ring crossing 
depolarizing resonances [1,2]. For intrinsic resonances the 
resonance frequency depends on the venical betatron tune 
vr' The number of intrinsic resonances decreases with the 
superperiodicity P of the lattice given by the number of 
identical periods in the accelerator. As the betatron phase 
advance in the two straight seelions of eOSy is matched 
to 2" these sections are optically transparent and only the 
ares contribute to the strength cf intrinsie resonances. ODe 
obtains for the resonance candition: 

J>G = kP r(lj -2), 

where J>G is the spin tune and k an integer. If the vertical 
betatron tune is changed abruptly as the precession 
frequency of the spin comes elose to the resonance 
frequency the crossing speed on the resonance is increased 
significantly and the polarization loss is reduced. 

Tune jumpjng system for eaSY 
A magnet system consisting of two iran free pulsed quad­
rupoles was developed and successfully used. This system 
has been specified for polarization losses of less than 5 % 
at the strongest intrinsic resonance and less Ihan I % at all 
other intrinsic resonances in tbe energy range of eaSY 
[3J. To achieve this aim a venical tune jump of /!" Ij - 0.06 
in lO).ls is needed. Up to ten tune jumps with different 
polarities and amplitudes can be generated du ring one 
acceleration eyde. 
Fig. I shows the polarization of the eOSy beam measured 
du ring acceleration using the EDDA detector around the 
strongest intrinsic resonanee (JG = 8-vy) at about 
2090 MeV/c. This resonanee excites a natural spin f1ip. 
The pOlarization loss is depending on the vertical emit­
tanee of the beam. Using a tune jump the polarization was 
almost preserved. During that beam time we were able 10 
preserve the polarization up to amomenturn of 2.7 Ge V/c . 
For this prove of principle 5* I 0' polarized protons were 
accelerated. 
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Fig I: Normalized polarization during erossing the streng­

est intrinsic resonance at 2090 MeVle with and 
witllOut tune jump, P; ist the initial polarization and 
Pr final polarization. The beam polarization was 
measured during aeceleration using the EDDA de­
tector [4). 

Outlook 
This tune jump system can be used at an intrinsic reso­
nances of eOSY, because they are more than a factor of 
three weaker than the strongest resonance. After establish­
ing this method at eOSy the polarized proton beam was 
accelerated to maximum momentum in November 1998. 
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Longitudinal Stochastic eooling Improved by an Optical Notch Filter 

R. Stassen, P. Brittner, R. Hartung (ZEL), F. Häsing (ZEL), R. Maier, D. Prasuhn, G. Sehug, H. Singer, H. Stockhorst 

Introduction 
The stoehastie eooling system was sueeessfully established 
in the eOSY ring and beearne a standard tool for beam 
eooling in the momentum range of 1.5-3.3 GeV/e. The 
stochastic eDoling pickups also serve for prccision 
measurements cf the chromaticity. 

First longitudinal eooling 
The installed vertical Band I system includes the 
possibility to switeh between difference mode and sum 
mode at the pickup as weil as at the kicker tank. This 
allows us to use the vertical Band I system for both 
transversal and longitudinal eooling including a notch filter 
in the sum path [I]. 
The longitudinal eooling has been used for the internal gas 
cluster target experiment eOSYl!. The eyele length has 
been inereased up to I houe. Less than 10% of the stored 
protons were lost. The eooling system reaehed an 
equilibrium state after 20 minutes, where the energy loss of 
the protons through the gas target was compensated by the 
longitudinal cooling system (Fig. I). The shape of the 
distribution remains unchanged unlil the end ofthe spill. 

Fig. I: Longitudinal schottky sean wilh cooling 

Stochastic eDoling in a 'supercycle' 
The possibility to group up different machine settings 
within a 'supercycle' is a major advantage of eOSY. The 
transversal stochastic cooling system has been upgraded 
using the eOSY timing system to allow transversal cooling 
in all settings. The installed programmable delay-lines 
allow a change of proton momentum from 2.15 to 3.4 
GeV/e in one supercycle with transversal stochastic 
cooling. Longitudinal cooling in a supercycle needs a 
system adjusting the length of the delay-Iine in the notch­
filter. Both accuracy and resolution are required to be in 
the order of IE-6. An envisaged realization using 
commercial RF components seerns to consume tao much 
time and costs. The solution transferring the RF signals 
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into (he terahertz region cf a laser saurce was more 
praiseworthy [3]. 

0Dtical notch-filter 
Our cooperation with colleagues of the ZEL produced an 
optical notch filter working at 1300 nm and 20 mW laser 
power. The first version of the notch-filter was fabricated 
in a similar structure like our coaxial notch-filter. The 
delay line has been substituted by an optical structure (Fig. 
2). The modulator attenuates the laserlight synchronously 
to the longitudinal RF signal of the pick-up. The infrared 
signal is delayed by a fibre optic coi l. The RF signal is 
afterwards reconstructed by the photodetector. The equal 
phase power divider [I] has been substituted by a hybrid 
having a better decoupling between the short and the long 
branch of the notch filter. The frequency dependence of 
the attenuation in the optical branch is neglectable because 
the small relative bandwidtll required of the optical system 
is around 3E-6 at the RF frequency band of I -1.8 GHz. 
Therefore the RF attenuator in Fig. 2 is now a frequency 
independent one. Equalizing the attenuation between the 
short and the long branch of the notch filter is simply 
fulfilled by regulating the power of the laser light. 

IN~~su~m~r __ l-_~At1enuotor OiH 

Hybrid -----7~-.-.-~~ OUT ( 'J~m 
/' '-' . ~ 

Modulator fibre·opt,c Photodeleclof 
deloy·lne 

toser 

Fig. 2: First oplical notch filter 

The longitudinal cooling has been improved by the 
optically del.yed notch filter in the following items: 
• The notch depths over the whole frequency band 

excess values of 35 dB compared to 25 dB of the 
e id RF delayed filter. 

• The dispersion of the optieal notch filter can be 
neglected. 

Frequency shifts of only 25 Hz relating to the proton 
revolution frequency were measured at the RF band end 
caused by small phase deviations between both branehes of 
the notch filter. 
The dispersion of the coaxial linc used for the delay in the 
old notch filter is essentially larger [2]. 
The horizontal Band I system has been extented by a new 
path for the longitudinal optical cooling system. Amplitude 
.nd phase of this nelV signal path have been adjusted by 
automated BTF measuremenlS. The optical notch filter has 
been installed and tesled with beam. After several minutes 
most of the particles are concentrated at the momentum 
given by the frequency of the notch filter. Thc resulting 
frequency distribution is smaller cempared to the old notch 
filter. Both longitudinal cooling systems (the old notch 
filter of commercially available RF components and the 
optical one) were used altern.tely in a eOSYll run time at 
different energies. 



In a later COSY I1 run time the eycle lengths were 
sueeessfully inereased up to 2 hours with the aid of the 
aptieal noteh-filter. After filling the COSY ring for the 
COSYII experiment the beam of the eyelotron had been 
used for radionuclide production during this 2 hours. 

Adjustable noteh filter 
We have added an adjustable delay line to lhe noteh filter 
in order to use the longitudinal eooling system in a 
supereyele. Fig.3 shows the implemented ehanges of the 
optieal delay line. The system for the fine adjust has been 
fabrieated with a planned adjustable lengtll of about 5m. 

rme adjust 

fibre optic of 
different lengths 

prism 

prism 

fibre-optic 
delay-line 

photodetector 

RF 

RF 

coupler 

Fig. 3: Continuously adjustable delay line 

This length differenee is realized by an air seetion. This 
seetion is adjustable according to the beam travelling time 
with the aid of a motor-driven prism. 
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Fig. 4 presents the first measurements of the adjustable 
noteh filter around the 900~-harmonie of the beam­
revolution frequency. The motor-driven prism was moved 
200 times over the moving range and back. 200 eycles are 
a realistie number at a COSYII user run of a eycle length 
of 1 hour. We reaehed a reprodueibility of 1.5E-6. This 
result encourages us to install the new system as soon as 
possible. 

adjustabJe optical notch filter 
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frequency in GHz 

--1. notch-measurement .. -.. --- after 200 cycles 

Fig. 4: Reliability of the adjustable noteh filter 

Outlook 
The adjustable noteh filter will be instalIed in the COSY 
ring at the beginning of 1999. First only the fine adjllst will 
be used with a adjustable length of about 5m. This allows 
longitudinal eooling in the range from 3.4 GeV/e down to 
2.6 GeV/e in one supereycle. 
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Oplimising the Computed Nois. for Siow Exlraction 

A. Schnase, F. -J. Etzkom, H. Stockhorst 

Motivation 
The spill duration of the eOSY proton bearn to extemal 
experiments is in the range of some ten seeonds to minutes. 
This is made possible by a better understanding of the 
eX!raetion proeess, where the USE-system provides the 
noise for shaping and extraetion ofthe beam [I] . One of U,e 
demands of the extemal experiments is to have an almost 
eonstant flux of partieles. Tbis is deseribed with an integral 
parameter, the duty-faetor. It is measured with a set-up 
shown in [2]. As the USE system influenees the miero­
seopie time strueture of the spill, we improve the digital 
noise to have a more eonstant flux . 

Teehnieal Background 
The digital noise for extraetion is eomputed as a sequence 
of digital values whieh is eontinuously repeated with about 
5.96 Hz rate [3]. Al!hough there is no break in the 
sequenee, the beam notiees the repetitions. We measure this 
with the deteetor signals of the experimentators. When we 
deereased the periodieity of one ofthe noise generators by a 
faetor of ten to get a repetition rate of about 0.596 Hz, we 
fed the signals ofthe extraeted beam to a loudspeaker and it 
sounded like a heartbeat. Tben we Iistened to the "sound" 
ofthe noise by means of a short-wave receiver tuned to the 
eentre frequency of the noise, about 3.1 MHz at this time. 
Measurements with an analog speetrum analyser in zero 
span mode showed a relationship between the flux of the 
partieies and the amplitude of the noise as a funetion <f 
time. 

OptimisatjQo QfnQise sequences 
We defme the duty-faetor oftl,e extraetion flux as: 

d f (
mean flux)2 qe power 

uty - aetor = = -"C:2:.==-
rms flux total power 

Tbe range ofthe duty-faetor is between 0 and I. The same 
defmition is now applied to the amplitude of the digital 
noise. One eondition is to maximise the duty faetor of the 
amplitude. The other eondition is to minimise the quotient 
ofmaximum amplitude divided by minimum amplitude. 
The proeess of generating the digital noise sequences 
simulates a number of oseillators spaced in frequeney by the 
repetition frequency. For instance: 168 oscillators are 
necessary for a I kHz wide rectangnlar noise distribution at 
5.96 Hz repetition frequency. The initial phase of these 
oseillators is the free parameter. A bad ehoiee would be to 
start the oseillators at equal phases. A better result is 
obtained by defming the initial phases by a pseudo-random 
sequence. The noise is optimised by the ehoiee of a good 
initial value for the pseudo-random number generator. We 
analysed 44 speetra with different bandwidths: 50 Hz, 100 
Hz, ... ,4000 Hz, 4.5 kHz, and 5.0 kHz. 
For each of the speetra between 1000 to 10000 different 
sequences were generated and compared by the criteria out­
lined above. For a spectrurn of I kHz bandwidth we need 
about 50s computing time to get full information and about 
5s to get only the amplitude statistics. This brute force 
method was executed on several workstations under AIX, 
HP-UX and one pe operating with Linux. A typieal plot 
for a speetrwn of 4.5 kHz bandwidth is shown in fig. I. 
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Simulations which perfonned weil were then caleulated fer 
the USE-Targets, downloaded and eheeked with a speetrurn 
analyser in zero span mode. The deeision whieh spectrum 
to use can not be done by the computer only - tl,e final 
deeision (see fig. I) has to be validated with the beam. 
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Fig. I: Simulation pattern for a bandwidth of4.5 kHz. 
Speetra in the upper left are good candidates. 

Tbe fmal resul! for the minimisation of the variation of the 
amplitude is shown in fig. 2a. Tbe redueed quotient (Max I 
Min) means, tlmt the peak amplitudes are redueed, and the 
amplitude will not go down to zero. The corresponding 
duty-factor ofthe amplitude is plotted in fig. 2b. For speetra 
up to I kHz bandwidth, the improvement is c1early shown, 
above it is of less importanee. The reason for the 
convergence is that for spectra with higher bandwidth more 
numbers of the pseudo-random sequence are taken, so the 
distribution depends less on the initial value, whieh was 
taken for optimisation. 
During one beam time, some of the improved noise 
sequenees were applied to the eOSY-beam. Tbe third noise 
system (intended for the ehimney) was operated with the 
improved spectra. The duty faetor was inereased by about 
3% (from 40% to 43%). In no ease, the duty factor of the 
beam was reduced. So, the noise sequenees on all 3 system 
were updated. 
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Fig. 2a: Amplitude variation as a funetion ofbandwidth. 
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Fig. 2b: Duty fuctor of the amplitude as a function cf 
bandwidth ofthe digital noise. 

Chimney 
The third noise generator of the USE-system is intended to 
synthesise a very narrO\v-band noise which is placed just 
over the resonauce to increase the speed of the protons 
crossing the resonance on their way to the electrostatic 
septum. First experiments were perfonned, with a sampie 
rate ofthe third noise generator one fourth cf the "nonnai" 
digital noise resulting in a repetition rate of 1.49 Hz. We 
have changed it to one tenth (e.g. 0.596 Hz). This leads to 
au increase ofthe number oflines in the FFT-spectra of the 
measured spill. The decrease of the amplitudes of the 
Fourier-components influences the duty-factor quadratically. 
As a result, the duty factor can be irnproved byabout 10 %. 
The effeet of the chimney is demonstrated in frequency­
domain with an FFT-vector analyser [4] connected to the 
detector ofthe external experiment TOF. The different gray 
levels correspond to the signal power. Every line in the 
following pictures represents a spectrum measuremt. Each 
new spectrum scrolls the picture upwards. Figure 3b shows 
that tllO third noise system smoothes the distribution of the 
extracted beam over time compared to fig. 3a. 

Fig. 3a: Spill-signal of the TOr-deteetor 3S a speetrogramm without ehimney. Center 1.55 1425 MH z, Span 1953 Hz. 

Fig. 3b: Spi o.:~ ig~~.J~fthc TOF-deleelor wilh chi",ne), aeli~alcd. Cenler 1.55 1425 Mi·iZ~Si;a,;T95:i H~ . 

Results 
The optirnised noise sequenees are now irnplemented and 
stored on tlle hard disks of the USE system. The 
improvement is smalI, but it is a step in the right direetion. 
Further improvements are possible with longer noise 
sequenees. For this we need faster VME-CPUs with more 
RAM and faster harddisks. We plan to base such a system 
on Linux. 
The applieation of the third noise system as a ehimney has 
been demonstrated. It has to be carefully adjusted to the 
other extraetion parameters. Otllerwise it will disturb the 
time strueture of the spill. It is not a tool that eau be 
simply switehed on to improve extraetion. 
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Measurements with the VXI-based Realtimc Veetoronolyser 

A. Sehnase. F. -J. Etzkorn. H. Stockhorst 

]ntToductjon 
In 1997 we introduced a measurement device operating from 
DC to 3.4 GHz for non-disturbing beam diagnosis [I). A 
longitudinal measurement of 0 Schottky signal during a 
slow ramp of COSY indicated that longitudinal instabilities 
are removed by switching on the digital beam-phase loop. 

Operational results 
For acceleration of polarised beams we have to control the 
vertical tune to make sure tI,at tI,e polarisation is not lost. 
To study the betatron sidebands during acceleration we 
apply broadband-noise to a strip-Iine unit and measure the 
difference signal ofa Schottky-pickup (2). The two spectra­
grams show the measured spectrum versus time for a slow 
ramp during acceleration (lig. la) and deceleration (fig. I b). 
Each line of the picture represents a full spectrum measure­
ment of 2 MHz width wilh 1.25 kHz resolution and 10 
averages. The shade of each pixel represents the measured 
spectral intensity. Tbe bold line in the middle is the fun­
damental (h=I) during acceleration up to about 1.57 MHz. 
The two lines to the left and right are the vertical betatron 
sidebands. This type of measurement is Iimited by tI!e 
dynamic-range ofthe pre-amplifiers and the analyser. 

Another application is the optimisation of the extraction 
spill (3). We analyse the detector signals of tI,e external 
experiment. This helps to optimise the extracted proton 
beam and to adjust the 'chimney·. a narrow band noise to 
smooth the extracted partieIe f1ux. 
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Fig. 1 b: Vertical betatron sidcbands during dcccicration. 

During beam-time for stochastic cooling. we measure the 
time variation of tI,e longitudinal spectra. An example is 
given in lig. 2. Tbe spectrograrn in the upper trace shows 
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the time evolution of the beam. The picture below 
represents a single spectrum as a snap-shot. In long 
machine cyeles (one cycle per hour) the spectrum versus 
time shows that the beam is stable and stays on the target. 

Fig. 2: Spectrogram and spectrum display during beam­
time with stochastic cooling on. 

Single shot acquisitioD 
The analyser is able to measure the horizontal and vertical 
tune in 20 ms time intervals. For a 30s record as a single 
shot. 1500 spectra are stored. resulting in a 20 Mbyte data 
file . The result of such a measurement is plotted in lig. 3. 
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Fig. 3: Single-shot tune-measurement up to 2994 MeV/c. 

ß=!.t 
The VXI-based rea!time vectoranalyser has proven to be a 
powerful tool to study and document the dynamic 
behaviour of eOSY beam parameters. 
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Considerations for tbc Design of a New Scbottky-Pickup 
J. Bojowald, J. Dietrich 

The two Schottky-pickups, with Im length each and used 
until now in eOSy, had to be removed mainly due to lack 
of free space for new installations (e. g. rf-cavity, experi­
mental devices), Ihe horizontal also due 10 limited 
aperture. AI anolher position in eOSy space of only 0.8m 
length is available. Therefore a new Schottky-pickup will 
be designed with utmosl sensitivity and, if possible, with 
the opportunity (after switeh over by coax-relays) to 
measure the Sehottky-noise in both planes. 

General remarks to monilor type and frequeney range: 
The Schottky-noise is preferably measured in the 10 - 60 
MHz frequency range. This results from the fact, Ihat the 
line widths in the Sehottky-noise spectrum are 
proportional to Ihe harmonie number with equal noise 
power per line. The narrow longitudinal Iines are 
measured in the upper part of this frequency range, the in 
general much broader transversal lines al lower 
frequencies, because here Ihe line struetures yet don'l 
overlap and, in partieular, al higher frequencies the 
amplitudes can vanish in the noise level. 
Because of the low power of the transversal signals an 
especially sensitive monilor is required, whose sensitivity 
will be enhanced further by resonant tuning. Despite of 
the gain of 20 - 30 dB by resonant tuning the sensitivity 
itself is very important and also its frequeney dependence. 
Both, sensitivity and frequeney dependence are influenced 
by the layout and the mode of operation. 
Three monitor types are at disposal: inductive, capaeitive 
and stripline-monitor. In the frequeney range 10 - 60 
MHz the capacitive monitor is weil suited; the inductive 
monitor less, because the azimuthai Inagnetie field of the 
beam and henee the induced signal power is proportional 
to ß2 and Schottky-noise measurements at eOSY must be 
performed also at low ß-values. The stripline monitor can 
he operated at high frequencies and it is able to separate 
the signals of partieles travelling opposite to eaeh other 
(directivity), as very useful in storage rings. But of this 
cannot be made use al COSY and the big disadvanlage is 
the sinusoidal frequency dependence. The maximal 
sensitivity, obtained al frequencies with A/4 eorresponding 
to Ihe monitor length, would be wilh 0.8m length al 94 
MHz. In the 10 - 60 MHz range the sensitivity draslically 
falls down. 
The amplitudes of the transversal Schottky signals are 
dependent on the square root ofthe ß-funetion. A suitable 
posilion in eOSY ,vith high ß-funetion values should he 
chosen, as is the case at the position now. In monitor 
design attenlion must be payed Iherefore to save the lotal 
aperture. For this purpose Ihe electrodes musl be arranged 
far outside, al best with beam tube diameIer. 

Design ofthe capacitive monitor and transfer impedance.: 
The capaeitive monilor wilh high impedance preamplifier 
has the partieular advanlage of a tlal frequeney response 
within a band pass. The lower eUlofffrequeney is given by 
the electrode capacity and the preamplifier input impe­
dan ce and can be realized to 10kHz. The upper cutoff fre­
queney is determined by Ihe bandwidth ofthe preamplifier 
and is larger than 100MHz, the proper frequeney range. 
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The sensitivity or Iransfer impedance of one eleetrode 
,vith beam centred is 

Z = A". I 
" 2711' pe. C" 

a" . _..cL=--_ 
27! pe ·C" 

,vith: A,,=eleetrode plane, r-beam tube radius, L=monitor 
length and a=azimulhal angle of eleetrode. The firsl lerm 
is a geometrical faetor, eorresponding to the ratio of 
eleetrode plane to total monitor eylinder plane. The 
transfer impedance is maximal, if the electrodes together 
enelose the beam, i.e. if La,,=21t. For high sensitivity 
furtherrnore the electrode capacity C" must be smalI, i.e. 
the distance to the beam tube cannot be to small. 
Therefore the vacuum tube should be broadened and the 
electrodes aligned in extension oflhe beam tube. 
For Ihe longitudinal or L- signal folIows: 1:(t) = n·Z.·i(t) 
with n=number of electrodes and i(t)=beam curren!. 
Important for the transversal or 6- signals is the coupling 
capacity e, helween Ihe electrodes, whieh reduces the 
amplitude, because 

il(t) = 2:(t) . C" . (x - xo) 
a/ 2 C" +2Cc 

with: a=electrode distance, x=displacement of beam from 
centre and Xo=monitor displacement from optical axis. 
The eoupling capacity must be small in comparison to the 
electrode capacity. This means also, that the eleetrode 
capacity cannol be made as small as possible. 
The geometry of Ihe proposed Sehottky piekup ,viII have 
the sehematie layout as shown in the figure. The apertures 
in horizontal (150mm diameter) and in vertical (60mm, 
rectangular) planes remain free, if the pickup diameter is 
made a Iittle bit larger. The splitted structure into four 
electrodes, together surrounding Ihe beam, makes 
possible, by proper swilehing of coax-relays, Schottky­
noise measurements in horizontal and vertical p1ane. In 
order to realize a small coupling capacity (e.g. C,<C,,1l0), 
Ihe slils in between cannot he made to narrow, so an 
azirnuthal range of about 95% musl be tolerated. The 
mechanical design of a test monitor for rf-measurements 
1S in preparation. 

N-connector 

Electrode 

150mm 
(eosy ture) 

60mm 

J 

Fig.: Schematic view ofthc proposcd Scholtky pickup for measurements in 
horizontal and vertical plane (after proper switchiog ofooa:Hclays). 



Broadband Cavily with Ihe Nano-cryslalline malerial VilroPerm 

M. Böhnke, F. -J. Etzkom, U. Rindfleisch, A. Schnase, H. Stockhorst 

Motjvation for a new cavjty 
The higher harmonie eavity filled wilh VitroVac perforrns 
weil [I], and TERA decided 10 buy il from SATURNE. At 
EPAC 1998 [2] we learned from KEK aboul a different 
malerial which is weil suiled for a broadband acceleration 
strueture. This material is ealled FlNEMET in Japan and 
we have found out thaI a comparable material is available in 
Gerrnany whieh is ealled VitroPenn. This type of metglass 
is a nano-crystalline material compared to the amorphous 
material VitroVae. We started simulations and measure­
ments with sampIe toroids and ereated a design which is 
optimised for operation at COSY. TIle frequeney range will 
be from 400 kHz to 2 MHz without any tuning device. The 
broadband nature of this eavity allows non-sinusoidal 
wavefonns for rf-gymnasties [3]like: 
• improved capture of injeeled beam 
• aceeleration at different harmonics 
• y-transition erossing 
• stoehastie eooling ofbunehed bearns 
• high power shaped noise for stoehastie extraetion in 

seeonds. 

ComparjsOQ with a ferrite cayjty and tbe VitroVac cavjty 
The eavity design does not foUow all rules in the CERN 
yellow report on RF engineering. In filet it ean not be de­
seribed as a resonator. A better model will be Ihat of a lossy 
induetor thaI isolates the aceeleration gap from the envi­
ronment. There are no gap-capacitors and no eooling plates. 
The magnetie material (VitroPenn 500F) is direetly placed 
inside a water bath. The available space in the straight 
seetions of COSY is limited. A new eavity with reduced 
longitudinal dimension is neeessary in order to make room 
for deviees used for spin gymnasties of polarised protons. 
The ehoiee of malerial with different Ilr detennines the 
length of a eavity: 
• ferrite (h~I) eavity in use at COSY: 210 em 
• VitroVae 6025F loaded eavity (tested al SATURNE I 

for TERA): 140 em 
• VitroPenn 500 F (nano-erystalline): ~ 80 em. 
The strueture is shown in fig. I. 

6 VitroPerm toroids each side 
"plastic" window 

cover 
(2 parts) 

"air" 

water 
outlels 

"water" . COSY-Beampipe eeranue-gap 
- - - - symmetry - axTs - -

"air" 

cover 
waler water 
inlets rf connections inlets 

len h ~800mm 

E 
E 
2) 
'0 

Fig. I: Layout of the higher harmonie eavity. TIle vessel 
is made of stainless steel. 
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The advantages ofthe fonner tested VitroVae 6025F loaded 
eavity compared to a ferrite loaded cavity are: 
• a smaller size due to higher penneability 
• the broadband charaeteristie (low Q) allows lligher har-

monics 
The disadvantage is that the lower impedance of ~ 250 Q 
gives less voltage at the same power. Still eooling plates 
and a tuning device are needed. 

TIle application ofVitroPenn 500 F offers advantages: 
• a sm aller size, due to high penne ability 
• the material is cheaper than ferrites or VitroVae 
• tlle strueture is broadband without tuning loop 
• no eooling plates (direct water eooling) 
• works with higher harmonies and noise 
• irnpedanee is between VitroVae 6025 F and ferrite 
• the estimated maximum rf-amplitude will be 5 kV (2.5 

kV for each half ofthe strueture) with an rf-power of less 
than 50 kW. 

TIlere are also disadvantages: A proteetion against eorrosion 
is needed - this eoating is called "FIX" by the manu­
facturer. The eavity has to be protected against tao high 
water pressure and the purity of water is important. As Ihe 
size of the cavity is smaller than that of the amplifier, the 
latter has to be installed in same distance (3 to 7 m) whieh 
has to bridged with a high impedanee transmission line rf 
at least 200 Q. For this we will need a coaxial air fiUed 
strueture comparable to the copper transmission lines for the 
stochastic cooling system. 

Measurements with material sampIes 
We compared small toroids of VitroVae and VitroPenn. 
The size and the initial penneability at OC is given in the 
following table. TIle value in parentheses is estirnated. 

VitroVae VitroPerrn VitroPenn foreseen in 
6025 W531-51 W468-51 new cavity 

"i I mm 35 50 76 200 

"a I mm 72 80 102 400 
h/mm 25 20 25 25 
LlnH 3.336 1.739 1.361 (3.2) 

Ilr at OC 90000 30000 80000 80000 
LlmH 
at OC 0.300 0.052 0.109 (0.25) 

Impedance measurements were carried out with a network 
analyser at low power. We have also tested sampIes at 
higher rf-power to reach temperatures of 100 'C in a water 
bath. We have found no substantial change in irnpedance as 
a fimetion of temperature. So we expeet a good safety mar­
gin in operation between 20 to 50 ·C. Fig. 2 shows the 
irnpedance as a funetion offrequeney for one VitroVae toroid 
and the neeessary power to get an rf-amplitude of 200 V. In 
fig. 3 the irnpedanee of a combination of 4 Vitro Vac sampIe 
toroids in a test structure is plotted. TIle irnpedanee of the 
test device is suffleient to get 2500 V amplitude. The mate­
rial for Ihe real cavity is sealed with this result. The irn­
pedanee will be a bit higher, beeause we use 6 toroids far 
each side. The increased surface of the material allows to 
transfer the generated heat to the cooling water, so that the 
structure will operate with the estirnated power. 
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Application ofhigher hannonics to the test structure 
To prove the principle of generating lligher hamlOnics, we 
applied real signals at low power (5 00. 15 W) to the test 
structure with four toroids . 
In fig. 4a and fig. 4b we tried a combination of fimdamental 
and second harmonic adjusted to provide a t1at zero­
crossing. The broadband behaviour is clearly visible: the 
upper trace is the pre-distorted generator signal and the 
lower traee the voltage at the strueture measured with a I: I 0 
probe. The diJference between both measurements is the 
fimdamental frequeney, which was chosen to be 500 kHz in 
fig. 4a and 1500 kHz in fig. 4h. 
Tbe strueture works with higher harmonies. This is proven 
in fig. 5a and fig. 5b where a seeond and a fourth harmonie 
are applied to synthesise a waveform with a t1at-top. In fig. 
5a the upper trace shows that at low frequeneies the neces­
sary pre-distortion is stronger. This is no surprise, because 
an inductor does not like to have a constant voltage at its 
tenninals. 
Tbe synthesiser we used for these measurements [4] was not 
only able to generate these higher harmonies for fixed fre. 
quencies. It can perform a sweep while preserving the shape 
of the waveform, hecause the Fourier eomponents ean he 
adjusted in real time during the sweep. 
For this test, there was only air-eooling. Tbe water was 
added by means of a t1exible plastie hag surrounding the 
toroids. With water cooling, where the toroids are placed 
direetly inside the hath, the results may change, heeause we 
expect a eapacitive effeet ofthe order ofsome lOOpF. 
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signal, lower trace: high level signal at gap. 
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~ 
The length of the new eavity is only about one third of the 
fenite eavity now in operation at COSY. This allolVs the 
broadband eavity to be installed in another position of the 
ring to make room for neIV developments for the polarised 
beann. We prepare for an installation whieh allows to switeh 
between the fenite eavity and the lligher harmonie eavity in 
reasonable time. Together with the fimdannental we will 
apply higher harmonies (2nd or 4-th) adjusted in real time 
in annplitude and phase to buneh or to aecelerate the proton 
beann with non-sinusoidal voltages. We will fmd out, if the 
impedanee is high enough Witll water eooling, or ifwe have 
to rearrange the position of the eores inside the water tanle 
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Status of Application Pro grams and Accelerator Model 

N. Bongers, R. Gebel, C. Haberboseh, M. Schaaf, R. Stassen, H. Stockhorst, R. Tölle 

General activities 
Activities in the realm of modeling were accelerator 
description as weIl as integration of the accelerator dedicated 
polarimeters into the contra I system. Analysis of data measured 
in machine development times was supported. Analysis usually 
is appended to the accelerator database and documentation 
pool. Presentation of the laboratory in the WWW was included. 

Calculations with sextupole magnets 
Calculations concerning ' the effective sextupole in the 
synchrotron and the ehramaticity were improved and adapted 
to changes in the control system. As an example for 
chromaticity measurements the results for sextupole familiy 
MXL in the ares is given. Data were taken using the pickups 
for stochastic cooling at the 1000~ harmonie of the revolution 
frequency. Proton momentum was 2.62 GeV/c. 

Chromaticity by MXL 

10,00 

5.00 

- 0 . O· . . - 0 .-1 10 20 30 40 
. : : ' . 

'5,00 

-10,00 

Excitation [%] 

Fig. I: Chromaticity meaSUTement with sextupole family MXL 
in the ares. Solid lines are ealculated, dashed lines are 
measured. Positive slope refers to vertical chromaticity, 
negative slopes to horiztontal chromaticity. Values are A~ / % 
= -0.0623 (-0.0613) and 25.9 (28.3) measured (calculated), 
respectively. 

Effective sextupole calculations 
For description of the extraction conditions the efective 
sextupole in the synchrotron has to be calculated. In nearly all 
cases an optic has been chosen with zero (horizontal) 
dispersion in the telescopes. Thus the sex tu poles there do 
(almost) not contribute to chromaticity, but mainly change the 
amplitude of the effective sextupole. By experience, the 
calculation for good extraction conditions (sextupole setting, 
tune etc.) leads to reasonable starting values for the 
opttmlZatlOn process. Improvements depend on better 
knowledge of effective magnet lengths in real (iron) 
surroundings, depending on extraction momentum. 
Transportation of the beam from the electrostatie septum to the 
magnetic septum is included now into the calculations to check 
whether the beam possibly will pass the apertures. To gain 
flexibility for the betatron pase advance between the 
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electrostatic and magnetic septum a second elcctrostatic 
septum can bc used instead of the first one, and is 
integrated into the calculations as weIl. 

Linear beamlines 
Description of linear bearnlines is now used on a routine 
basis to set up the transportation of extracted beam to 
the targets. 

Accelerator dedicated polarimeter 
Polarization development was supported by operating 
the low energy polarimeter in (he injection beamline, 
installing in internal polarimeter in the synchrotron, and 
developing the user interface for the tune jumping 
system which is useful to rapidly cross depolarizing 
resonances. 
Relyability of the low energy polarimeter was improved 
by splitting the 3 tasks of its VME-target: a) request for 
change of polarization, b) target movement, and c) 
detector readout are now indepentent of each other (as 
far as possible). Thus malfunctioning of one component 
only will usually not cancern anather one. 
Comissioning of the internal polarimeter (together with 
University of Hamburg) started. First in situ dector and 
motor tests were performed. 
The user interface for the tune jumping system was 
improved and streamlined according the standard of the 
eOSY control system. 



Magnets, Alignment and New Installations 

U. Bechstedt, L. COllill, G. Kml, T. Sagefka 

The year started with a lot of work to get the 
maehine back into operation after the problems 
with the carbon foils at the ANKE faeility [I). As a 
eonsequence of the problems that had oecurred 
aluminium foils wit a thickness cf 500 ~rn were 
tested and approved to guarantee for the required 
safety. Furtherrnore the vertical beam position 
1I10nitors between D land D2 as weil as D2 and D3 
were replaeed by additional vacuum shutters to 
proteet the rest of the vaeuull1 system during work 
in the area of the D2 dipole magnet. As a third 
Illeans to increase Ihe security of the system it was 
deeided to install a eage around the ANKE faci lity 
with dOOfS protected by seeurity eontaets that 
switeh off the power supplies when a door is 
opened. 
After intensive tests of the vacuum windO\vs and 
manufacturing of the vacuurn components 
necessary 10 install the additional vacuum shutters 
the eomplete system was reinstalled into the eaSY 
ring during weeks 20 and 2 J. In the following week 
first tests of the acceleration with the ANKE D2 in 
different angle positions were successful. 
A 1I10dified eleetrostatie extraction septum was 
installed between dipoles 14 and 15 in the 
extraetion are of the COSY ring. This septum has 
1I10dified end covers of the vaeuum tank with an 
inereased distance between the eathode and the end 
cover. This gives higher eleetrieal fields during 
routine operation. Tests with the old configuration 
tumed out that most of the sparking is between 
eathode and covers of the vaeuum tank. 
Apolarimeter built by the university of Hamburg 
was installed between dipoles 9 and 1 J. To allow 
for the measurement of even the first depolarising 
resonance a vacuum chamber made of aluminium 
with a wall thiekness of 1.5 111111 was installed inside 
the polarimeter. Carbon and CH, fibre targets of the 
EDDA type are moved into the proton beam by 
means of a linear motor. 
A storage cell for the polarised atomic beam source 
was installed at the EDDA experiment. Though it 
eauses loss of beam during injeetion it should 
increase the event rate by a faetor of four due to the 
higher effective target thickness. 
A water leak oceurred at one of the horizontal 
steering magnets. The coil with the leak was 
replaced by a eoil of one of the vertieal steering 
magnets that is not in routine operation. After repair 
of the eoil it was reinstalled to the vertical steering 
magnet. 
Another water leak oeeurred at a eooling plate of 
the acceleration cavity. We supported the rf-group 
when they changed the copling plate and two of Ihe 
ferrite rings. 
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Alignment activities were related to the re­
installation of the ANKE faeility and the other new 
installations into the aceelerator. One of the 
measuring pillars had to be moved because it 
interfered with one of the motors of the new 
eleetrostatie septum. This as weil as the disturbanee 
ofthe grid by the ANKE installation initiated a new 
measurement of the measurement grid. It was 
possible to achieve error ellipses for the 
measurement pillars of a few hundreds of a 
millimetre. 
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Review of Power Converters al Ihe Acceleralor Facility casy 
P. Birx, H. Borseh, K. Kruck, J. Schmitz, H. Schneider 

All responsibilities concerning the ordering and 
maintenance of power converters used at the accelerator 
or the experimental facilities are handled by the power 
supply group. The up-time of these power converters is 
fundamental lor the overall reliability 01 the accelerator 
and any repair has to be done without undue delay on a 
24h/day basis. Our group has meanwhile a long standing 
experience but is on the other hand laced with the legacy 
cf large power converters accumuJated over the past 
twenty years. The main part originates lrom procurements 
in the late eighties when COSY was under construction. 
Due to the diversity 01 specifications that have been 
requested it has not been possible to use a single souree 
for ordering. As a consequence ane has to deal in quite a 
lew cases with insufficient documentation andlor lack 01 
service Iriendliness. In addition one is obligated to stock a 
plethora of spare parts of different manufacturers. This 
situation could have only be averted if the power converter 
crew had been large and had ample design know how. In 
this case they would have had the clout to team up with 
the manufactures to build power converters that adhere to 
stringent laboratory standards thus alleviating the 
complexity of maintenance and improving the overall 
reliability. 

Stability requirements for the power converters vary 
greatly depending on the location: 

10-6 cyciotron main magnet 

10-5 extraction beam lines, BIG KARL 

10-5 d f rampe power converters or COSY ring, 

modulation free with respect to 50 Hz 

harmonics 

10-4 standard stability, ion sourees, ion source 

beam line to cyclotron, injection beam line to 

eOSY 

Table 1 compiles the power converters according to 
maker. Reviewing a larger time reveals that this is not a 
statie markel. One has to face the fact that so me 
companies wont be available after a certain time. This 
holds sometimes even in the case of renown large 
companies as aften only smaller sub divisions are 
responsible for production and support. If they do no 
longer fit within the global outlook of the corporation their 
future looks bleak. 
In such cases the local power supply group has to step in. 
In order to work effectively we had to design and build in 
so me cases specialized test gear that did enable us to 
track malfunctions. 

Failure incidents did happen roughly according to the 
bathtub curve with a high rate at the beginning that tended 
to fiatten out with time. But one has to keep in mind that 
even with a leveled out rate of the mean-time-before­
failure MTBF of four years one has to expect a failure 
every week due to the large number of power converters 
that are running continuously. This simple estimate has 
been approximately verified through our experience. 
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Table 1 Power Converters at COSY 

Number of Support Out of 
Manufaeturer devices available business! 

produetion 
diseontinued 

AEG now 3 X 
Alstom 
AMK 15 X 
Brandenburg 2 X 
now 
High Voltage 
Industries 
Bruker 39 X 
CE RN 5 
Danfysik 43 X 
Delta 3 X 
EA 6 X 
FUG 23 X 
Földi 82 X 
Heinzinger 21 X 
Holee 1 X 
now QteeQ 
HP 4 X 
Jema 6 X 
Kepeo 4 X 
PPT 2 X 
Siemens 1 X 
Sorensen 3 X 
Waldort 29 X 
Rohrer 37 X 

Sum 329 

The power converter group has been also concerned with 
the modification of present power supplies to enable the 
control group to measure the actual output va lues for 
logging and verification. This included also the 
transmission of the values of ramped power supplies via 
fiber optic systems. Experience has shown that the 
behavior of the beam alone is in many cases not sufficient 
to trace problems. Tasks for the group included stability 
measurements down to 1 ppmlday and the measurement 
of the harmonie content down to very low levels as the 
beam is during extraction highly susceptible to even the 
smallest modulation. 

For added transparency power converters have been 
retrofitted with additional status bits that are polled with 
SPS systems_ The group is involved in the servicing of the 
embedded microprocessors and the firmware in the case 
of same power converters. 

Based on our experience one should preferentially buy 
power converters at middle sized company that have a 
long standing history. In case of power converters above 
0 .5 MVA and highly sophisticated equipment a service 
contract is advised. One should specity complete remote 
ports and local control panels with the same functionality. 
An independent system should offer the actual values 
together with a complete status information. For last 
switching of spare power supplies cross bars should be 
used. 



500 MHz NalTowband 
Beam Position Monitor System of ELSA 

J. Dietrich, J.Keil' and I.Mohos 

The preservation of the polarization level during 
acceleration of the eJectron beam is currently the main topic 
at the Electron Streteher Aceelerator (ELSA) of the 
University of Bonn. The strength of one type of 
depolarizing resonanees ean be redueed by a good 
eorreetion of the c1osed-orbit relative to the magnetic 
quadrupole centers using the method of beam-based 
aligrunent. Beam position monitor electronics. developed in 
the Forschungszentrum Jülich/IKP (I J for ELSA are 
integrated to fonn the 28 BPM orbit measurement 
equipment. llie monitor station electronics consisting of an 
rf processing module and a data aequisition/control module 
plugged into a shielded erate, are placed c10se to the four­
button monitor chambers. Aserial field bus eonnects the 
stations to the host computer. The host eontrols the data 
acquisition and data preproeessing (sampie rate, noise BW, 
ete.) by means of several eommands and parameters, 
corresponding to the aetual requirements. The stations send 
preprocessed data, the host performs higher level-analysis 
and displays O,e results. The RF part of the BPM electronics 
consisting of narrowband superhet RF electronics processes 
the fundamental bunch-frequeney (number of bunches along 
the aeeeierator ring multiplied WiO, the revolution 
frequeney) eomponents of the button signals. At OIe input 
low pass filters rejeet the lligher hannonies, GaAs analog 
RF multiplexer seans sequentially the output of the filters. 
Low noise narrowband preamplifier (B=5MHz) amplifies 
the seleeted low level button-signal. For very high signal 
levels 30dB attenuation can be inserted. GaAs mixer 
transposes the desired frequeney range to the intermediate 
frequency, where narrowband filters reduce the IF 
bandwidth to 220kHz and IF arnplifier with controlIed 
gain enhances the signal level appropriate for demodulation. 
On-board synOlesizer generates the LO signal applied to the 
mixer. Hs frequeney determines the band-center frequency 
of OIe signal processing. Due to the low particle mass OIe 
revolution frequency i5 nearly constant in the acceleration 
ramp. Small frequency changes du ring the ramp witllin OIe 
IF bandwidth will be automatically tracked by the 
demodulator in real time. Band-center frequency 
adjustments far special measurement purposes can be 
achieved by synthesizer remote control in the range of 
500MHz ± 2MHz WiO, 50kHz steps. Tbe output signal of 
the highly linear synehronons demodulator is proportional 
to the rms value of the fundamental component of the 
anlpl ified button signal and canies also level ehanges WiO, 
frequencies up to 500 Hz. The overall demodulation 
bandwidOI can be seleeted by means of switched filters to 
frequeneies between O.IHz and 500Hz in 13 steps. The gain 
control range of the processing chain is about 100 dB. 
Signal level dynamie between -80dBm and + IOdBm is 
allowed. Scan timing and the step gain control are 
synehronized, four button signals will be measured in each 
cycle with the same gain, therefore consistent data can be 
used for position computing. The scan sequence cf the 
button measurements is programmable. The data acquisit ion 
module consists of a 8bit microcontroller with 8kbyte 
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EPROM and 32kbyte RAM and buHt-in timer, half-duplex 
IMbit/s asynehronous serial interface with galvanically 
decoupled twisted-pair transceiver for data communication, 
12bit ADC for digitizing of the demodulated electrode 
signals and 12bit DAC for gain control, several bits for 
timing and bandwidth control and a 3-wire serial interface 
for synthesizer control. The timer of the mierocontroller 
controls the RF multiplexer and the timing phases of the 
acquisi tion. After digitizing of the button signals, depending 
on the acquisition parameters, the microcontroller filters by 
means of a digital lowpass filter (0.1-500Hz) aJ1(lIor 
averages the signal values for the presetted number (1-
4096) of measuring eyeles. The acquisition frequency is 
always 1kHz, the transfer rate can be set by remote 
cOlnmaJld to 1-256ms corresponding to the selected lowpass 
filter. Data transfer begins after finishing of the averaging. 
For the determination of BPM zero positions with respect to 
OIe magnetie axis of the quadrupoles beam based alignment 
was used to calibrate the system with an accuraey of better 
than I 00 ~m. The residual closed-orbit deviations after 
correction were 140 ~m in both planes. Measured optics 
functions are in good agreement with theoretical predictions 
based on the analysis of OIe orbit-response matrix measured 
by the BPM system. 

~'~--~~~--~~~--~M~--~~~--~,oo~--~'~'---~'~'---~'M~ 
&"'1"'1 

Fig. I: Corrected and uncorreeted horizontal elosed orbit 
at ELSA (1.2 GeV). 

lphysikalisches Institut, Universität Bonn 
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6. ION SOURCES AND BEAM 
TRANSPORT 
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Ion Sourees and Low Energy DeHnt Transport 

R. Gebel, O. Felden, N. Gad, M. Glende, A. Müller, P. von Rossen, N. Rotert 

Ion source operation 
The two unpolarized ion sources for COSY are multicusp 
H'-sources [I] and have demonstrated reliable operation in 
1998. The scheduled operation of the polarized ion source 
was delayed two times by cesium leakage inside the cesium 
ionizer. The polarized beam was successfully used for 
studies to polarization conservation in the synchrotron up to 
the maximum beam momenturn of 3.3 GeV/c [3]. 

Extension of the beam diagnosis in the source beam !ine 
The beam diagnosis of the low energy beam in the transfer 
line to the injector cyc1otron consists of five moveable 
copper plates with a thin potassium bromide surface for 
combined cuerent measurement and optical analysis of the 
beam. The beam transport in the beam line is optimized for 
transmission, beam size and position. In front of Ule first 
cup an additional moveable grid has been instalied. By 
means of a specially shaped grid it is possible to minimize 
tbe angle deviation of the beam at this position. The setup 
of Ule ion sources and ion optical elements were online 
corrected for minimum aberrations. Figure I shows the 
resuit of an artificially enhanced picture taken \vith a black 
and white CCD camera and stored by a PC based frame 
grabber and analysis system. Inverting and controlling 
brigbtness and contrast enhances the images. 

Fig. I: Beam spots of a 200 IlA unpolarized ion beam at Ibe 
first cup in the source beam line without and with the grid 
in the beam path. The distance between two 0.5 mm aper­
tures is 3 mm. 

The Polarized Ion Source 
Tbe polarized ion source was buHt by a collaboration of the 
uruversities of Bonn, Cologne and Erlangen [2] . Polarized 
H'-ions for COSY are produced in a charge exchange reac­
tion between a ground state nuclear polarized atomic hy­
drogen or deuterium beam and a fast neutral cesium beam. 
The nuc1ear polarization of the hydrogen beam is accom­
plished by rf transition units, tlleY were developed for the 
polarized ion source and are also in use for the EDDA 
atomic beam target reaching there a polarization degree of 
over 90 % [4]. The polarization measured at the low energy 
polarimeter in Ibe transfer beam line to COSY reaches 
82 % for both spin states prepared with two separate rf 
transitions. Fig. 2 shows the rf resonator of the intermediate 
field transition unit after use in the polarized ion source. 
The fast neutral Cs beam damages the surfaces. For a mis­
a1igned and divergent Cs beam the quality factor of the 
resonator \vill decrease rapidly. By improving the geometry 
of the insulators and the rf coupling loops the sensitivity 
was substantially reduced. 
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Pulsed operation of the Cs ioruzer 
The picture of the rf sttucture shown in fig. 2 gives an im­
pression of the effect of a temporal misalignment of the 
cesium beam during turting and operation of the source. 
An uncontrolled and long-tenn aberration in continuous 
operation will lead to a reduced performance and uplime of 
various source componems. Therefore, an investigation of a 
pulsed operation of the charged cesium beam part was 
started [5]. 
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Fig. 2: The resonator of the 1.45 GHz transition unit after 
operation in the polarized ion source. 

The setup of the new cesium ionizer [6] was modified for 
the installation of an additional electrode at the cesium 
beam potential. To implement of an electrical pulsing 
scheme at the presem cesium ionizer the temperature of the 
cesium reservoir had to be reduced. 
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Fig, 3: Demonstration of the pulsed Cs· beam. 

The length of the H' output pulse of the polarized ion 
source on the first cup in the transfer beam line to the cy­
clotron is detennined by the Cs· pulse \vith 20 ms pulse 
width. The 5.6 IlA H- peak euerem, Channel 3, corresponds 
to 3.5 mA Cs +, measured at the power supply (ps) cuerem 
monitor on channel 2. A photo diode, channel I, detects the 
ligbt of the rf discharge and the not neutralized fraction of 
the cesium beam is dumped after deflection in the cesium 
cup (channeI4). The slow rise and fall limes of channel 2 
are due to internallow pass filter of the power supply. 

[I] H. Deuscher et a1., IKP Annual Report (1996) 
[2] P.D. Eversheim el a1., IKP Annual Report (1996) 
[3] A. Lehrach et a1., this IKP Annual Report (1999) 
[4] O. Felden, Ph.D. thesis, Bonn (1998) 
[5] R. Gebel el a1., IKP Annual Report (1998) 
[6] M. Eggert, Ph.D. thesis, Köln (1998) 



Operation of a Double gap Buncher witb Complex Waveforms 

W. Bräutigam, R. Brings, R. Gebel, H. Jungwirth, A. Müller, A. Schnase 

Introduetion 
In addition to the existing resonant buneher for sinusoidal 
waveforms, tbe buneher system for eomplex wavefonns 
deseribed in [I] is installed. The buneher strueture is plaeed 
inside the vaeuum ehamber of the Faraday-eup 5, whieh is 
just below the Cyelotron. 
Tests with the initially designed strueture showed beam 
losses due to a non suffieient aperture. The inner diameter 
was enlarged from 25 mm to 40 mm to match the beam 
size at this loeation. The original isolation of the centre 
eleetrode realised as a Teflon tube is replaced by Ihree small 
stems made of POM. The grids made of small metal sheets 
are replaced by gold-coated tungsten wires of 40 flm diame­
ter, to reduee eapture of particles which move not perfectly 
parallel to the symmetry axis. An additional eleetrode d ... 
teets partic!es off-axis. The eleetrical parameters ofthe strue­
ture remained ahnost unehanged. 

Tbe RF- layout 
F or the initial tests a not weil adapted broadband amplifier 
had to be used because the specified amplifier was not d ... 
livered in thne. We learned that more power and a better 
suppression ofharmonics were required, which the available 
unit eould not provide. Therefore we used two amplifiers in 
parallel: An ENI type A 300 provides the fundamental at 
29.6 MHz with a maximum power of 300 W. The type AR 
100WI000A amplifier provides the higher harmonies. The 
power, neeessary for the sum of all higher harmonies up to 
400 MHz is Iess than one tenth of the fundamental, e. g. 
max. 30 W. The broadband runplifier is able to deliver up 
to 100 W. At 30 W the distortions are low. We designed 
high- and IO\v-pass filter networks to isolate the inputs and 
outputs of the amplifiers (Fig. I). The components were 
seleeted for Iow losses: miea capaeitors and inductors with­
out cores made of silver-plated copper wire. We had to 
apply foreed air cooling to the 100v-pass filter at the output 
ofthe 300 W amplifier, because we measured about 10 W 
rf-Iosses there, which destroyed a filter at the first tests. The 
detailed layout of the system is shown in fig. 2. 
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Fig. I: Low-pass and high-pass filter design. 
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Fig. 2: Signal flow ofthe nonsinusoidal waveforms. 

The eombination of filters and rather long cables (20 m) 
makes it more difficult to provide the desired parabolie 
wavefonn at the buncher eleetrode. It is neeessary to gener­
ate a pre-distorted signal at the output of the arbitrary 
waveform generator. The wavefonn at the generator is com­
pared with the waveform at the buncher in fig. 3. 
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Fig. 3: Non-sinusoidal pre-distorted drive voltage to get a 
parabolie waveform at the buneher. 

User interface 
The buneher is eontrolled with a simple graphie user inter­
face written in TCL (fig. 4), named "paraba". It eommuni­
cates over network via a GPIB-LAN eonverter with the 
arbitrary funetion generator. It allows to switeh the signal 
on or off, to change the trigger level which defines the 
phase, to eontrol the amplitude, and to modifY the wave­
form defmition. TIle anlplifiers are switched on manually. 
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Fig. 4: Graphie user interface for the new buneher 

Operation wirb unpolarised beam 
A preliminary eomparison of the buneher at FB5 with the 

resonant buneher was carried out with H- beam. Without 
any buneher, the beam eurrent at the exit of the eyelotron 
was 2.8 iJA. Tbe resonant buneher inereased this value up 
to 5.2 iJA, whieh eorresponds to a bunehing faetor of 1.9. 
With the new buneher a bunehing faetor of 1.4 was ob­
tained. The relation of the bunebing faetor to the trigger 
level (or phase) is shown in fig. 5a. Tbe bunehing faetor at 
optimum phase as a funetion ofpower is plotted in fig. 5b. 
A eombined operation ofboUl bunehers resulled in the same 
bunehing faetor as the resonant buneher alone yields. 
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Fig. 5a: Bunehing faetor as a funetion oftrigger level. 
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Fig. 5b: Bunehing faetor as a funetion ofpower (at 50Q). 

Operation \Viril polarised protons 
Measurements with polarised protons are diffieult, because 
the beam is pulsed. As the eurrent is mueh lower in this 
ease, we use an interna I target at maximum radius before 
exttaetion. TIle bunehing faetor for the resonant buneher as a 
funetion of phase shows fig. 6a. The relation between 
bunehing faetor and amplitude is plotted in fig. 6b. The 
results with the complex waveform buneher are plotted in 
fig. 7a and fig. 7b. Then we operated both bunellers to­
gether. Tbe amplitude of the complex wavefonn was 
doubled (power 124W) and we obtained a eombined 
bunehing faetor of 2.9. The resonant buneher alone yielded 
1.8 and the complex wavefonn buneher another faetor cf 
1.5. After the ehanges of the mechanieal strueture were 
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carried out, we eould improve the eombined result to 3.6. 
Tbe resonant buneher alone gave a faetor of2. 
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Fig. 6a: Bunehing faetor vs. phase at resonant buneher. 
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Fig. 6b: Bunching faetor vs. amplitude at resonant buneher. 
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Fig. 7a: Bunehing faetor vs. phase at FB5 buneher. 
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Fig. 7b: Bunehing faetor vs. power at FB5 buneher. 

~ 
In operation with unpolarised protons, the complex wave­
form buneller does not perform better than the resonant 
buneher alone. With a polarised beam the new buneher 
provides almost the same bunehing faetor as the resonant 
buneher alone. Both bunehers tagether with an optimised 
setting inerease the bunehing faetor to almost the produet cf 
the single values. Ihis is related to different beam parame­
ters of the polarised souree compared to the unpolarised 
anes. More experience is needed to understand this . 
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7. SPECTROMETER BIG KARL 
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Magnetie Speelrograph BIG KARl 

J. Engel, R. Jahn, K. Kruck, H. Machner, R. Maier, P. v. Rossen, R. Tölle, 
GEM· and MOMO-Collaboration 

The magnetic spectrograph BIG KARl served 
experiments carried out by the GEM- and MOMO­
collaboration as weil as lacilitated the calibration of 
detecter systems used lor a NASA mission. The 
scientific objective cf this experiment, known as 
Gravity Probe-B, is to test special aspects of 
general relativity in spaee. Details to this space 
mission are found in aseparate article in this 
report. Besides the routine maintenance to keep 
the experimental lacility up to present technology 
standards a new small scallering chamber has 
been built according to the needs of experiments. 

Another major addition was a set of two smaller 
position sensitive wire chambers tagether with a 
double set of scintillator hodoscopes to observe 
particles that exit at the side window of the first 
dipole. Originally this side window was eonceived 
only as a narrow ehannel allowing Ihe primary 
beam 10 leave the spectrometer without generating 
huge amounts of background lor the loeal plane 
deteetors. The eonstruetion permitted to move this 
ehannel to aeeommodate a range magnetie rigidity 
ratios between the primary beam and the reeorded 
ejeelites. Removing all iron shunts produces a 
window large enough to reeord ejectiles at this exit 
and at the same time in the loeal plane creating an 
interesting option lor a special elass of 
experiments . This special mode werks quite weil as 
the optimal quadrupole setting is the same lor 
reeording 01 ejeetile at both loeations. 

More generally the speetrometer has in this mode 
the option to measure partieles with energies 
greatiy exeeeding the design va lues 01 the 
spectrometer il high energy resolution is not a 
primary cancern. This opens the instrument to 
whole new dass cf experiments not within reach 
hitherto. 
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The MOMO collaboration took lor the first time K+K­
Data close to threshold (0=56 MeV) in the re action 
p d ~ 3He K+K-. To ensure good kaon 
identifieation a 2 em thiek scintillator hodoscope 
eonsisting 01 16 segments had been placed behind 
the scintillating fiber vertex wall. An additional 
movable seintillator paddle that could be put into 
the intensity reduced proton beam helped to 
heighten the normalization preeision. Through an 
elaborate tuning the COSY crew managed to raise 
the intensity 01 the external beam to BIG KARl to 
1'109 protons/s at a momentum 012.6 GeV/c with 
the halo down to a 10.4 level. This achievement 
was erucial to the success 01 the experiment 
looking at a low cross section proeess. In total 1700 
twin kaon events have been recorded an a clear 
signal 01 the F-meson was observed. The lurther 
analysis is in progress. 

Two separate runs were performed by the GEM 
experimenters. In one they looked at the reaetion 
p+d --> ~ 'He at a proton momentum 01 1650 
MeV/e. Total and differential cross seetion have 
been deduced lrom the measured data. In the other 
run fer the first time the reactions p+d -+ n+ 3H 
and p+d -+ 1t0 3He have been investigated 
simultaneously. Employing this technique makes it 
possible to reduce to a large extend systematic 
errors that would otherwise spoil conclusions 
concerning isospin symmetry. 



NASA Mission Gravity Probe-B - Deteetor Calibration at BIG KARL 

S. Buchman', J. Engel, R. Maier, D. Prasuhn, P. v. Rossen, P. Rusznyak" 

Conclusions drawn lrom Einstein's general relativity 
Iheory have always inspired and enticed the 
experimenters to put them to a rigid test. In most 
ca ses they were conlronted with extremely subUe 
elfects wh Ich easily explains why these elfects 
have lor so long escaped the scrutinizing eye of 
experimental physics. After having established 
those elfects the next barrier was to raise the 
accuracy bar in order to look lor aberrations. 
Einstein's theory is ;'0 longer unchallenged and 
precision data would be decisive. Such is the case 
in the NASA mission Gravity Probe B which is a 
highly sophisticated scientific satellite scheduled to 
be launehed in the year 2000. The roots 01 this 
experiment also ealled Relativity Mission, joinUy 
pertormed by NASA and the Stanlord University, 
date back to 1959 when Leonard Schilf published 
an article in the American Journal 01 Physics. The 
experiment will check with utmost precision minute 
changes in the directions 01 spin 01 lour gyroscopes 
wh Ich are housed in a satellite orbiting over the 
Earth's poles in a distance 01 400 miles. 

These gyroscopes realize the latest in technological 
achievement and represent an almost pertect 
space-time relerence system. They will allow to 
measure how space and time are warped by the 
presence 01 the Earth, and more proloundly, how 
the Earth's rotation drags space-time around with it. 
Although the elfects are extremely smalI, they have 
lar reaching implications lor the nature 01 matter 
and the structure 01 the Universe. 

the energy spectrum reaches up to 500 MeV it is 
impractical to stop the protons, measuring thus 
their lull energy. Instead adetector set 01 lour 
silicon disks ranging in thickness Irom about 0.5 to 
2 mm produces 6E signals that can be callbrated to 
renect the particle energy. To prove the 
lunctionality 01 this unit and obtain a reliable set 01 
data points the units have been bombarded with 
protons lrom casy that were filtered with the 
magnetic spectrograph BIG KARL. casy did 
deliver to fixed energies namely 500 MeV and 300 
MeV. All other energies down to 40 MeV were 
produced by degrading the primary beam energy 
and filtering the appropriate energy band with the 
spectrometer while the flight unit under test had 
been placed at the local plane 01 the instrument. 

The measurements did help to correct the initial 
calibration wh ich had been pertormed with a pulser 
system. It also verified the full lunclionality under 
bombardment condition with protons over the 
envisioned energy range. Two llight units 
underwent successlully these tests one serving as 
aspare unit lor the mission Gravity Probe 8. 
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This extremely small but vital Irame-dragging elfect 
never seen belore could be measured with Gravity 
Probe B to aprecision 01 1 % or better. The other 
elfect albeit extremely small is large in comparison 
with the Irame-dragging. The expected angular 
change in the direction 01 the gyroscopes exceed 
the Irame-dragging by over a lactor 01 100. This 
enables one to reach aprecision of 10'" lor th is 
phenomenon and will then represent the most 
precise measured quantity predicted by general 
relativity. 
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• •• .'" ,. ~' . : 

• '0.' .' • .. ." ." • 

At the heart 01 this experiment are super 
eonducting gyroscopes. Pertect spheres 01 lused 
quartz with a diameter 01 1.5 inch, coated with a 
thin layer 01 niobium and being held at a 
temperature 01 1.8 K. These gyros exhibit a hitherto 
unmatched drift rate 01 10.12 '/hour. Many aspects 
that could jeopardize the needed precision have to 
be carefully taken into account, one 01 which is the 
stream 01 high energy protons emitted irregularly by 
the sun. To deal with this innuence a llight unit 
containing two silicon detector telescopes being at 
right angle and the associated electronics with data 
acquisition is on board 01 this mission satellite. The 
units are depicted in Fig. 1. As the relevant part 01 
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Fig. 1: The flight units tested lor Gravity Probe 8. 
The bright titanium disks have a diameter 01 
approximately 5 cm and cover the openings 01 the 
silicon detector telescopes 
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Radiation protcction 

H.J. Probst, K. Krafft, J. Göbbels 

For the beginning of 1998 the acress to the inner hall of eaSY 
is realized correspondingly to the new proeedure. that means, 
the maximum local dose must not exeeed the value of I mSv 
per week during presence of persons in the inner hall . An 
investigation of the maximum doses per week in 1998 showed 
maximum values ofabout 0.7 mSv so that no stops ofthe beom 
operation were necessary, The maximum value for a quarter of 
a yearwas 2.5 mSv. Simultaneously the neutron personal doses 
of the persons working in the inner hall of easy were 
measured. The personal doses of.a quarter of a year were so 
low that for a dosemeter sensibility of about 100 - 150 flSV no 
value was detectable, This result agrees with the measuring 
results ofthe last year, They showed that the personal doses of 
the persons working in the inner hall of easy (elose to the 
ANKE-electronie) not exceed 3% - 5% ofthe maximum local 
dose, 
The existing radiation surveillance system was installed above 
all to interrupt the beom operation in ease ofunallowably high 
radiation levels. but it is also weil suitable to determine and to 
doeument the dose rate outside of the shielding during long 
time intervalls, The figures I - 4 show for seleeted positions 
(NM 5: the middle ofthe northem section. NM 10: extraetion 
septum. NM 15: injeetion/extraetion beom line. NM 17: 
injcction beom line. NM 201NM 231NM 26: begin. middle and 
end ofthe western bend section. NM 28: power supply room in 
the first floor. NM 29: access door to Big Karl. NM 32: 
measuring room behind the beam stop of TaF) the neutron 
dose rate (mean value of a week) for eaeh week of 1998. 
The injunetions of the authorities with respeet to the announce­
ment 1/97 (operation ofthe low energy polarimeter NEP in the 
inj.etion beam line) were earried out before the fLfst operation 
ofNEP by the shielding and other measurements of the experts. 
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Fig. 1: Neutron dose rate (mean value of the week) outside of 
the shielding for the weeks inl998 on the positions of 
the neutron monitors NM 5. NM 10 and NM 20. 
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Fig. 3: Neutron dose rate (mean value of a week) outside of 
the shieldingfor the weeks in 1998 on the positions of 
the neutron monitors NM 15 and NM 17, 

They had no objection to the modifieation ofthe personal safety 
systemPSA Moreover the dose rates in the eaSY-ring during 
beam on NEP for a proton eurrent of 1 flA and a proton energy 
of 40 Mev were < 1 flSV/h. henee the background radiation was 
not signifieantly increased. 
The neutron doses of a year resuHing rrom the values offigures 
I - 4 are shown in figure 5. 
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Helium and Hydrogen Production cross sections for 1.2 GeV 
p+Fe,Au 

The NESSI Collaboration: D.Filges , F.Goldenbaum, R.-D.Neef, K .Nünigholf, N.Paul, H.Sehaal , 
G.Sterzenbaeh, A.Tietze(FZ-JÜlieh) ; M.Enke, C.Herbaeh, D.Hilscher, U.Jahnke(HMI-Berlin); J .Galin , 

A.Letourneau , B.Lott , A.peghaire(GANIL-Caen); L.Pienkowski(Univ. of Warsaw) 

The comparison of many observables accessible in 
the experiment with results of high energy transport 
codes (e.g. HERMES[Cl088]) will give deep insights 
not onIy to the intemuclear transport, but also to 
physieal processes inside nuclei whieh might be de­
seribed by intmnuclear easeade models [I1j94, Cug87, 
Ber63, Clo88J. The latter aspeet eoneerns the pro­
duetion of highly excited hot nuclei and the study of 
subsequent deeay modes like multifragmentation , va­
porization cr conventional fission and evaporation. 
As far as shielding requirements for the European 
Spallation Souree ESS are concerned the angular and 
energetie distributions of neutrons have to be stud­
ied sinee published data for energies beyond 1 GeV 
incident proton energy are scarce and show large Ull­

certainties. For the favored target material of ESS 
Hg, for instance, so far no data are known at all. 

The experiment NESSI provides an important 
benchmark for obtaining key parameters necessary 
to design and eonstruet the ESS. In summary NESSI 
is able to measure 

• reaction cross sections 
• neutron multiplicity distributions, 
• eharged particle (p,d,t,H,He,IMF) multiplicity 

distributions[Lot97J, 

• fission cross sedion, 
• to some extend heavy residue production cross 

section, 

• kinetic energies of eharged partieies and 
• excitation energy distributions within approxi-

mately 10% aewraey. 

Reaction particles released for eaeh spallation 
process like neutrons, H- and He-isotopes, but 
also fission products and intermediate mass frag­
ments are deteeted event by event by means of 
two 4". deteetors-the 4". neutron ball and the 
4". silicon ball [HiI98J. This eventwise deteetion 
allows measurements not only of average values, but 
also of eharged particle and neutron distributions 
which represent much stronger constrains for the 
comparison with model calcuJations. Measure­
ments have been carried out at the COSY facility 
in Jülich for 1.2 and 1.8 CeV proton indueed 
reactions on target nudei between Fe and U. In 
the present contribution we foeus on using thin 
targets of 0.6 to 12.6 mg/ern', beeause the exact 
knowledge of produetion cross seetions for light 
particles (p,d ,t,H,He) is of special importance in 
respect to target-, structure- and window materials 
seleeted for ESS sinee the lifetime of window and 
target materials is directly associated to those cross 
sections. Furthermore, models describing composite 
particles might be validated or improved. The 
results for reaction cross sections q reae as weil as for 
hydrogen and helium production are shown repre­
sentative for Fe and Au nuclei in the following table~'77 

HET 
NESSI 

experiment 
O'reac . 1.692 b 1 .760 b 
o(n) 19.99 b 19.10 b 
o(p) 6.44 b 
o(d) 2 .19 b 9 .5 b 2.400 b 
o(t) 0 .87 b 
o(He-3) 0.25 b 

2.44 b 1.280 b 
o(He-4) 2.19 b 

Figure 1: Reaction cross section U reae as well as val­
ious production cross sections for 1.2 GeV p+Au. 
Whi/e for the HET-ea/eu/ations O'(n) is folded for 
Ihe energy dependen! detector eflieieney, produetion 
cross sections for charged particJes are neither cor­
reeted for eflieieney nor deteetor thresholds. 

HET 
NESSI 

experiment 
O"reac . 0.782 b 0.800 b 
o(n) 2 .54 b 2.95 b 
o(p) 3.042 b 
o(d) 0 .390 b 3.51 b 1.320 b 
o(t) 0 .078 b 
o(He-3) 0.OB1 b 

0.322 b 0.440 b 
o(He-4) 0.241 b 

Figure 2: Same as above, but for Fe. 

While especially for heavy targets we observe 
a good agreement between the model predictions 
[C1088J and the preliminary experimental values for 
O'reae and the neutron production cross sections, a 
significant deviation is obtained as far as the helium­
and hydrogen procluction cross sections is concerned. 
The hydrogen yield was measured between 2.3 and 
24 MeV for protons. In summary we have measured 
production cross sections for spallation reactions on 
thin targets for 1.2 and 1.8 CeV proton indueed re­
actions and observed in particular for hydrogen con­
siderable deviations between model predictions and 
the experimental results whieh are not yet fuHy un­
derstood. 
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Neutron Production in Spallation Target Materials 

The NESSI ColJaboration: D.Filges, F.Goldenbaum, R.-D.Neef, K.Nünighoff, N.Paul, H.Sehaal, 
G.Sterzenbaeh, A.Tietze(FZ-JÜlieh) ; I'II.Enke, C. Herbaeh, D.Hilscher, U.Jahnke(HMI-Berlin); J.Galin, 

A.Letourneau, B.Lott, A.peghaire(GANIL-Caen); L.Pienkowski(Univ. of Warsaw) 

In the framework of the ESS-Project[ESS] the in­
ternational NESSI eollaboration has ini tiated mea­
surements at eaSY in order to evaluate neutron 
production cross sections for proton-induced reac­
tions for a variety of incident proton energies up 
to 2.5 GeV, different target materials Iike tungsten, 
mercury and lead and for various target geometries. 
Here essentially thick targets are used in order to 
benefit from partieles emitted in the primary spalla­
tion [eaction converting the original incident proton 
energy more effectively into neutron production by 
seeondary, tertiary, etc. reactions [HiI98] . 
Reliable systematie data bases-especially for p­
energies beyond 1 GeV-including distributions of 
neutron multiplicities are urgently needed in order La 
validate and improve the existing high energy trans­
port codes Iike for instance HERMES[CI088]. 

For measurements using the 4rr berlin neutron 
ball BNB and thick targets of the order of several 
cm in diameter and length the key observables are 
the the neutron multiplicity Mn (measured event­
wise!) and the reaction probability Preae . Since we 
are counting all incident protons and the BNB pro­
vides also a prompt light signal \Vith a rather low 
energy threshold (2 MeVee) even without the emis­
sion of any neutron, we are able to specify not only 
the neutron multiplicity per reaction, but also per 
incident proton- or Preß<: related to the total reac~ 

tion cross seetion. The survival probability (I-P",,) 

• 1.2 CcV p on W : .. 
.... 1 .2 CeV p on HO - --- --i-- --- ~- --- - - !- - - --' ·~ 

lO-20l-~~5==~1~O~~,~5~=2~O~~2;,5=--3~O~"3~5~~4)O 
target len gth in crn 

Figure 1: Measured survival probability (I - P"ac) 
for 1.2 CeV p+Pb, Hg and W -cylinders of 15 cm 
diameter (symbols). Straight /ines are in terpolations 
of HERMES caleulations. 

as a function of target thickness is shown in Fig. 1 
for 1.2 GeV proton induced reactions on Pb , Hg and 
W cylinders of 15 cm in diameter . The symbols pre­
senting the measurements deviate slightly from the 
Iines showing the ,esult of HERMES calculations 
and following almost perfeetI)' the exponential law 
1 - P"" = exp (-LIL"ao) where L is the target 
length and L co" is the interaetion length of 10, 14.1 
and 17.9 em for Pb, Hg and W, respectively. 
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The average number of neutrons produced per 
incident proton Nnlp can be derived from the in­
dependently measured product of p, .. c and (Mn) . 
Differential cross sections or neutron multiplicity dis­
tributions are shown as an example for 1.2 GeV pro­
tons impinging on Hg cylinders of 15 cm diameter 
and 2 and 34 cm length, respectively. While the 
dashed line depicts the model-prediction(HERMES), 
the solid one is folded not only by the neutron ki­
netic energy dependent detector response, but also 
corrected for experimental dead time and can there­
fore be compared to the {(as measured" experimen­
tal values presented by the open eireles. It is worth 
mentioning that the experimental values are in good 
agreement with model predidions not only as rar as 
the absolute values, but also the shape of the Mn -

distributions is concerned. We obtain (M,~'P) = 13.3 
and 19.6 for the experimental values to be compared 
to (M:;"d.,) = 13.8 and 19.3 for the model predic­
tions for 2 and 34 cm, respectively. The observed 
shift towards high er M" for thicker targets is related 
to the increase of (Mn) due to secondary reactions 
and the increase of Preae with target thickness . 

In summary the experiment NESSI will provide 
systematic data and an important benchmark for 
testing high energy transport codes. The analysis 
of the data and a systematic comparison with model 
predictions is presently in progress. 
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Power Density Distribution in a Mercury Target 

A. Tietze, R. D. Neef 
For tlle NESSI Collaboration 

The pUlpose of the experiment is to measure Ibe energy 
depostion in a mereury target with the ESS proton energy of 
1.334 GeV. The designed beam intensity of ESS generates 
an impuls of 100 kJ/pulse at the target whieh induees in­
stantaniously temperature jumps. TIlese temperature jumps 
produce pressure waves in the target material which stress 
the contairunent. Therefore it is necessary to know the power 
density distribution due to Ibe proton pulse. Another reason 
to investigate the power density distribution is that we need 
this information for design Ibe target station, in partieular the 
eooling systems and the design of Ibe density profile of Ibe 
ineident proton beanl on the mereury target. At COSY we 
have the possibility to perform measurements with the ESS 
proton energy of 1.334 GeV, but its intensity is too low to 
determine an inereasing temperature like Ibe ASTE-Experi­
ments. 
To measure the spatial power density distribution in the 
target we use thermolumineseenee deteetors (TLDs) whieh 
are well-known from radiation proteetion where TLD mea­
surements are perfomed routinely and the measurement 
teehnique is weil established. One gets Ibe energy deposition 
in the unit of Gy [Jlkg] whieh depends on Ibe TLD material. 

Particle Energy deposition Energy 
I [MeV/p] fraction 

p 1.63 E-OI 63% 

J.l :t., 1t :t • d I t • He3, 5.49 E-03 2.1% 
HO'! 
Teeoil energy 4.96 E-03 1.9% 
cxitation (submitted) 3.73 E-02 14.5% 
n (submilled) 6.18 E-03 2.4% 
,,0 (,ubmilled) 4.08 E-02 15.9% 
L 2.57 E-OI 100% 

Tab. I: Caleulaled energy deposition in a TLD per 1.2 GeV 
ineident p on mereury target, at 1.3 em penetration 
deptll 

The firsl measurement in the mereury target was performed 
with protons of 1.2 GeV energy. The diameter ofthe target 
was 15 em and tlle lengtl135 em. We use Thulium (Tm) 
doped CaP,-TLDs as deteetor. 
The advantages of using thermolumineseenee dosimeters 
are: 
- the deteetor is very small and sensitive 
- the deteetor does not disturb Ibe flux of protons and 

seeondary particles 
- the doped CaP,-TLDs produee two peaks, the low tempe­

rature peak to investigate effeets like LET (linear energy 
transfer) and tlle high temperature peak to find out the 
deposited energy. 

The stored energy in the TLD is proportional to tlle ab­
sorbed dose and the absorbed dose is proportional to the 
energy deposition in the surrounding material. The faetor of 
proportionality between the energy deposition in CaP, and 
Mereury is in the order of 0.6. 
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By heating the TLD chip to a temperature of 350 0 C the 
stored energy is emilled by photons. A photomulliplyier 
amplifies the signal, so that we get a light signal proportio­
nal to Ibe stored energy. We ealibrated the deteetors with 
the Co-60 souree of the Institut fiir Medizin, FZ JÜlieh. To 
minimize the eITOrs we repeat the calibration befare and 
after measurement. 
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Fig. I: Measured and ealculated axial energy deposition in 
mereury target for 5 • 10 9 incident protons 

For ealculation we use the HERMES code-system. First we 
ealeulated Ibe energy deposition of ineident protons and 
secondary partieIes Witll the prograrn HETC and the mea­
sured Gauß-distributed beam profile (see fig. I). Protons, 
neutrons (above 20 MeV), 1t ± ,!l ± are transported through 
the target whereas the energy of deuterons, tritons, He3, 
and He4 is deposited Ibeir energy at the position, where the 
particles are ereated. Table I gives an overview about the 
energy deposition by the different partiele,. 
The energy depostion of the 1t 0 - deeay is ealculated by 
using the program EGS and the deexeitation of residual 
nueleus by using NOEM and EGS. 
The comparison of measured and ealculated energy distri­
bution (see fig.2) shows reasonable agreement between 
calculation and experiment. Further measurements are 
planned with higher proton intensity to reeeive higher count 
rates for hetter accuracy. 
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Fig. 2: Measured and ealculated axial energy deposition in 
mereury target for 5 • 10 9 ineident protons 



Tbe Preparation of a ESS-Target-Moderator-Reßector Mockup 

W. Breuer, D. Filges, F. Goldenbaum, R.-D. Neef, K. Nünighoff, N. Paul, H. Schaal, G. Sterzenbach, A. Tietze 
For the JESSICA Collaboration 

1.) Intl'oduction 

JESSICA (Jülich ];xperimental wallalioD Target ~etup .in 
!;OSY Mea) is designed for prototyping experiments on the 
target / moderator / reflector system of the European Spal­
lation Source (ESS). A full-size liquid Hg target will be 
placed in a short pulsed proton bearn of COSY to produce a 
low intensity pulsed neutron bearn. A variety of ambient 
temperature and cold moderators will be investigated at 
various positions relative to the target which is surrowlded 
by a lead reßeetor. The aim is to validate the very complex 
sinmlation metllOds of particle production, interaelion, and 
transport by experiments to optimize the technicallayout of 
an ESS-type target-moderator-reflector system. This inclu­
des investigations of advanced cold moderators and deve­
lopment of scattering kernel data. Witll tlle JESSICA expe­
riment we will meastue the neutronic performance by means 
of neutron time of fligbt and scattering teebniques. All 
results of the JESSICA experiment are important data to 
validate the simulation models and code systems- as 
CALOR, HERMES, LCS, NMTC-whieh are used to opti­
mize the layout ofhigh power spallation target systems. 

The JESSICA initiative is an international joint 
eollaboration of the world's leading laboratories producing 
and utilizing pulsed neutron beams. 

A high power pulsed spallation source like ESS [I], 
injeeting a 1.334 GeV / 75 A peak eurrent pulsed proton 
beam on a liquid Hg target at a 50 Hz repetition rate has 
never before been realized. Only a limited amount of both 
tlleoretieal and experimental data on the nuciear spallation 
process. cross-sections and reaction products are avaiJable 
for such a target station. Teebnical boundaries need to be 
pushed beyond present linlits. New scientific data on 
advaneed moderators and for thiek target materials will be 
obtained. 

COSY with its rather low intensity proton beam is of 
prominent importance for prototyping the high power ESS 
target. COSY is even more suitable for studying the 
neutronie perfonnanee of a liquid Hg target and advaneed 
cryogenie moderators than any other faeility, namely the 
existing medium power proton sources as ISIS or LANSCE. 

Beeause of its low proton beam intensity COSY is 
partieularly suitable for studying the neutron perfonnanee 
of advanced moderators, whereas radiolysis, high activation 
levels and background are negligible. Furthennore, only 
moderate shielding is neeessary, this means tlle whole 
prototyping experiment is much easier to accomplish 
WitllOut any lack of scienlifie quality of the results. Not only 
can the proton beam energy be tuned from 0.8 - 2.5 GeV at 
COSY, the negligible activation rate enables easy 
modifications to the geometry, eonstruetion details and 
materials involved. On the other hand, using a realislie I: I 
mock-up model of the antieipated ESS target yields reliable 
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data for the tecbnieal optinlization proeess. All this makes 
JESSICA at COSY a virtually ideal experiment for direet 
measurements of the neutronie perfOlmanee of target / 
moderator I reflector systems. 

The JESSICA target is located downstream just in front of a 
proton beam dump. The ESS-type stainless steel target 
container is plaeed right in tlle beam and filled Witll approx. 
35 litres of liquid Hg surrounded by a 1.5 m diameter Pb 
refleetor providing space for 4 moderators and beam 
extraction tubes. One moderator position will be used for 
the various moderator types for higb intensity spallation 
sourees. The other three positions remain idle to simulate 
realistie neutron flux disturbanee inside tlle refieetor.The 
reßector eonsists of 4 tiers with 2-4 em diameter lead rods. 
The gaps may be filled with polyethylene to simulate tlle 
coolant. 

The moderators are located in wing geometry , i.e. the 
neutron bearn tubes do not view the target through the 
moderator direcUy. This is to reduce the fast neutron 
background considerably. Furthennore, the moderator 
surfaces are oriented perpendicular to the neutron beam 
axes in order to conseIVe the time structure of the neutron 
pulse. 

A complete description of the moderator performance is 
required for the optimized design of scattering instruments. 
The quantities to be studied include the neutron energy 
dependent intensity and the neutron energy dependent 
emission time distributions of the neutron beam. Therefore 
the experimental program of JESSICA includes studying 
different moderator concepts, as thermal and cold 
moderators. 

Cold neutron moderators have come to be an essential 
ingredient for any new neutron source to be built in the 
future. Tbe most effective cold moderator system known at 
present is based on solid methane which is better in 
intensity by a factor of two to three than conventionally 
used hydrogen and also has better slowing down properties. 
But due to problems of heat removal and radiation effects 
methane can be used so far onJy at low power neutron 
sourees. Therefore, efforts were started in several countries 
to develop advanced cold moderator concepts. 

From neutronic point of view metllane ( CH. ) is considered 
the best moderator. The candidate materials to be tested at 
16 K are all methane based: 

- solid rnetllane in the shape of small pellets ( methane has a 
meUing point of 90.7 K at I bar) 

-methane hydrate in pellet form (gas hydrates are ice-like 
crystalline structures of a water lattice with cavities which 
contain guest gases, e.g. metllane. Gas hydrates belong to a 



special family of inelusion eompounds ealled elathrales 
methane hydrale is solid al 198 K and 1 bar.) 

-methane adsorbed on zeoliles ( Zeoliles are eryslalline 
alumosilieales that are eommereially fabriealed with high 
porosilies up 10 40 %. Handling of Ihis malerial is expeeled 
10 be mueh easier thall the other two malerials.) 

-isopentane (C,H12) has promising properties and is liquid 
between - 160°C and+290C shall also be lesled, sinee a 
nwnber of users are interested in intennediate temperature 
moderalors (- 100 K ). 

-liquid hydrogen at 16 K is the referenee moderator malerial 
for alllesls. 

Tbe neutrons slowed down in the moderalors are extraeted 
through bearn holes of the JESSICA targel-moderalor­
retleelor mock-up. For both speetra and time struClUre 
measurements an evaeuated and shielded lime-of-flight tube 
of about 5 m length will be used. 

Using the HERMES eompuler code system whieh is basis 
for all nuelear ealeulalions for ESS we caleulaled the 
neutron produelion in the JESSICA targel-moderator­
retleetor facility (Fig. I) with an arnbienl waler moderalor. 
Furthermore, we perfonned time dependent ealeulations to 
study the time dependenl neutron speetrurn at the end of a 
flighl path of 5 m in length (Fig.7.) Tbe neutron TOF 
speetrum is nonnalised to I proIon and the energy speetrum 
is collapsed inlo 4 groups, E> 1.35 MeV, 1.35 MeV > 
E>1.86 eV, 1.86 eV > E >410 meV, 410 meV > E > 10 
lleV, respeetively. 

Pfolonbeam ....,,,,­
Oa ..-d 2..!GeV 

Fig. I : JESSICA Targel-Moderator-Retleelor Test Faeility. 

Fasl neutrons reach Ihe deleelor at the end of the t1ight path 
in less than 10 Ils after O,e proton pulse trigger. Epithermal 
neuIrons (1.35 MeV > E > 1.86 eV) reaeh Ihe deleelors in 
less than 0.5 ms. 11,ermal neutrons in the upper energy 
range (0.41 eV > E > 1.86 eV) need 0.5 ms to 2 ms time-of­
flight. The thennal neutrons (0.41 eV > E > 10 lleV) have 
flight limes of 0.5 ms < tof < 5ms. 
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From Fig. 2 we ean deduee direetly the nurnber of neuIrons 
which we expect to count in a certain time interval: in the 
lime inlerval Ims<tof<2ms we expeel 0.5 nlem' per proton 
pulse of 10' protons. 
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Fig.2 : Neutron Time ofFlight Speetrurn in the 5 m Flighl 
Path of JESSICA 

In the thennal energy range are 10·' nlem' per proton whieh 
reaeh the deleelor al the end of O,e t1ighl path. If O,e 
deteelor has a surfaee of 100em' and an effieieney of I and 
if a Ills long proton pulse eonlains 10' protons we will 
measure a eounl rale of R= 1.8x 104n1s, but we will measure 
100 thennal neutrons per proton pulse. 

Reference 

[I) G.S. Bauer el al. , The European Spallalion Souree 
Study, Vol. 1lI, ESS-96-53-M (Nov. 1996) 



Validation of Energy Deposition Distribution in Mercury Target by a high Intensity Proton Pulse 

W. Breuer, D. Filges, F. Goldenbaum, R.-D. Neef, K. Nünighoff, N. Paul, H. Sehaal, G. Sterzenbach, A. Tietze 
For the ASTE Collaboration 

For ESS the important goal of the ASTE (ßGS fulallation 
larget Experiment) eollaboration is to verify experimen­
tally the predietions with respeet to power deposItIOn and 
pressure wave buildup resu!ting from a short pulse of high 
energy eontent. TIle flfSt experimental run in tlllS eollabora­
tion was earried out at the AGS in Brookhaven in June 
1997. 

A 20 em diameter, 1,2 m long eylindrieal stainless st~el 
container with a hemispherieal front eap and filled Wlth 
mereury was used as a spallation target in the experiment. In 
order to measure the spatial power distribution in the target, 
an array of 32 thennocouples were plaeed in the lower half­
midplane of the eylinder. Tbe 1.5 mm tltiek eneapsulated 
Chromel-Alumel tllennocouples (type K) were tltinned 
down to 05 mm over the last 15 mm in order to improve 
their time ~esponse. The positions of the thennoeouple tips 
inside tlle target were chosen on the basis of an assumed 
parabolie radial power distribution with a base width of r. = 
5 em. Tbe length of the eables between the thermoeouples 
and the data logger was 50 m. The noise eorresponded to 
roughly 0.5 K, in agreement with the speeifieations given by 
the manufaeturer. Data reeording was triggered from the 
pulse derived from the beam monitor. 

For tlle beam intensity and profile measurement, an AI foil, 
20 x 20 em', 25 J.Ull tltiek was plaeed on the beam axis in 
front of the target near the exit of the beam pipe. 

TIle proton beam Rrofile was measur~d hy determining the 
proton indueed ' Na and 'Be aehvlty of the AI fOlI hy 
eutting it into chips of 2 x 2 mm' and measuring their 
gamma aetivity. TIle beam axis was shifted to tlle target axis 
horizontieally by 0.5 em and vertieally by 1.0 em and the 
proton density profile was not very mueh ~ike gaussian. or 
parabolie. Therefore, for our energy depoSItIon ealeulatlOn 
we used the 100 x 100 measured values as input souree 
distribution. 

Two hunehes of 24 GeV protons with 4 x 10 12 protons in 
eaeh huneh were injeeted into the target with 30 ms. Tbe 
energy eontent of this pulse eonsisting of two bunehes was 
tllerefore 30 kJ eompared to 100 kJ in eaeh ESS pulse. Tbe 
measured temperature jurnp along the target axis eompared 
witll HERMES /11 ealeulations is given in figure I. 

Tbe maximum measured temperature jump is 3.5 K at 8 em 
inside the mereury target. Tbe dashed eurve represents the 
results of a HET of HERMES ealeulation with tlle 
assurnption that the n° energy ean he deposited at tlle point 
of n° ereation. The solid eurve represents the same HET 
ealeulation, but the n° partieles were input to the EGS code 
of HERMES whieh ealeulates n° deeay, gamma and 
eleetron transport and energy deposition. The figure shows 
that for energy deposition determination the EGS 
calculation is necessary and we receive a good agreement 
between caleulation and experiment. 
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Fig. I : Temperature jurnp in HG-target for 8x l 012 protons 
in a pulse 

After the proton pulse tlle temperature appears to stay more 
or less eonstant for almost I sec and then starts to drop 
rapidly. This drop must he attributed to the onset of 
eonveetion because it eannot be explained in tenns of the 
thermal eonduetivity of Hg. Caleulations of tlle heat 
dissipation by conduction alOile give a much s,lower 
temperature deerease, indieating that it would take mmutes 
for the temperature to return to the original value. By 
eontrast, the rneasured temperatures are back to their 
equilihrium values (22.4 °C) within less than 25 se~onds. 
This elearly indieates the importanee of eonveehon m tlle 
system. 

This preliminary experiment elearly showed that a set of 
tllermoeouples can be used to determine the power 
deposition in tlle Mereury target at the pulse levels avallable 
at the AGS. It also beeame obvious, how important 
information on tlle beam profile and position is in order to 
be able to evaluate tlle data properly. Although tlle Al-foil 
teehrtique seems to have worked weil in the present 
situation a seeond method (wire scanner, giving digital 
readings'direetly) as foreseen for future runs will be of great 
value. Also, the possibility of steering the bearn on tl,e 
target and of measuring with more precision the. total 
nurnber of protons aetually hitting the target WIll be 
indispensable in determining the eonfidenee level of the 
experimental resullS. 

While ealeulations on the stress levels expeeted on the basis 
of tlte current power deposition are in progress, it can be 
antieipated that the data obtained from future measurements 
will form a better basis 10 compare measured strrun data 
widl ealeulated slress levels ruld to provide valuable input 
for the nuclear and CFD-design of the targets and heat 
removal systems of future spallation neutron sourees. 
Measuremcots at lower beam energies and more than two 
bunehes per pulse seern, therefore, highly desirable. 

Reference: 
1I1 P. Cloth et 01., HERMES A Monte Carlo Program 

System for Beam-Material Interaction Studies, JüI-
2203 (May 1988) 



Methods to Calculate Spallation SOUl'ce Shields and Comparison with Expel"iments 

H. Schaal, M. Isermann 

The particles whieh cause the radiation problems of 
neutron spallation sources like ESS' are the deep 
penetrating neutrons with energies above 1 OOMe V . They 
determine the dose rate at each point inside the shield 
because they produce thefe via caseade a neutron 
spectrum with energies down to thermal energies. That 
spectrum is far inside the shield more Of less an 
equilibrium spectrum if the shielding material is not 
ehanged. 

To ealculate neutron spallation souree shields different 
computational methods were developed: 
One is the so ealled eoupling proeedure: In the vieinity of 
the neutron spallation target we use the Moote Carlo code 
HETC of our code system HERMES' to calculate the 
spatial and angular distribution of genera ted high energy 
neutrons. This distribution is handed over to the transport 
code ANISN', whieh calculates the attenuation of the high 
energy neutron flux with distance from the target. The 
neutron cross sections necessary for the ANISN 
calculations are data upgraded to 2.8 Ge V neutron 
energl for the shielding materials iran, concrete. and soil. 
The advantage of this calculation method is that it is not 
very time consuming and that in the target region the 
geometry can be described exaetJy and uncharged and 
charged particles can be treated. 
Another method to combine different advantages of 

codes is to treat the geometry exaetJy, but to calculate the 
fast neutron flux and the induced dose rate via 
semiempirical equations using attenuation lengths and 
ather parameters derived from transport calculations. The 
computer code with these features is named CASL'. The 
basic idea of CASL is that the high energy neutron flux is 
decreasing exponentially in the shield and that it 
determines the dose rate. 

Ta check the cornputational methods with measurements 
we chose deep penetration experiments performed at 
different facilities and with different proton beam energies 
in the range from 230MeV up to 2700MeV: 
. Loma Linda test area: For the proton beam energy of 
Ep=230MeV J. V. Siebers' described aseries of neutron 
dose measurements for different detector positions inside 
thiek concrete walls for the Loma Linda shielding study 
area at Fermilab. For the neutron dose determination we 
used the flux to dose conversion factors derived fram 
ICRP51'. The eomparison for deteetor positions 
perpendicular to the proton beam is given in fig. 1. Pure 
Monte Carlo results (denoted as HET·MORSE) are also 
given as far as reasonable statistics was achieved. 
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ISIS: Y. Uwamino et al ß performed a shielding 
experiment at the target station of the ISIS facility 
(Ep=800MeV). The detector position is outside the shield 
of 291 cm cast iran and 96 cm concrete. 
SATURNE: Bourgois el. al.9 describe measuremenls in 
different direetions behind a 3.6 m thick concrete wall at 
SATURNE in SacJay for Ep=2700MeV. 

All comparisons show: The ANISN coupling method 
gives reasonabte results and CASL always overestimates 
the experimentally determined neutron dose values. 
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I. ESS· Vol. III, ISBN: 090 2376659, (1996) 
2. P. Cloth et al., HERMES, KFA-Reporf JliI·2203, 

(1988) 
3. W. W. Engle Jr., ANISN, K-1693,ORNL-TN,(1967) 
4. J. Moll, KFA·Reporf JliI·2435, (1991) 
5. B. Wolfertz, KFA·Reporf Jii/·3197, ( 1996) 
6. J. V. Siebers, PhD Thesis, The Ulliverslty o!WISCOIiSill, 
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7. 1CRP Pub/lcatioll 51, March 1987 
8. y, Uwamino et al., Proceedillgs .. Oll Shieldillg Aspects, 

Arlington, Texas, April 1994, pg. 185-194 
9. L. Bourgois et al., Healfh Physics, Vol. 70, January 

1996,pg.36 



Integration of the MC4 Monte Carlo Program into HERMES 
and further updates to MC4 

G. Sterzenbach, R. D. Neef, D. Filges 

MC4, ·2 is a Müßte Carlo Program used to simulate the 
transport of high energetic hadrons in matter. The 
evolution of a hadronic caseade always implies the 
generation of leptons and of a large number of low 
energy particles. Both far leptons and for low energy 
hadrons there are no adequate models in MC4. The 
HERMES3 pro gram system provides a communication 
structure to submit particles falling out of the valid 
domain of a model to be picked up by other 
complementary programs. This communication structwe 
has been implemented into MC4: 
In the parlicle properly table a general cutoff energy for 
each parlicle Iype has been added. A disposition tag 
indicates whether a particle should be killed or submitted 
reaching the energy cut. The default setting are shown in 
the table below. 

Partiele I Energy I Disposition 
hadrons 

p,A,~ <EI kill 
n < 14.9 MeV submit 
1( , K <EI kill 
others any kill 

Leptons and y 
y any submit 

ei any submit 
~i >EI transport without 

collisions 
<EI kill 

'C' any kill 

Ve , VIII V"[ any kill 

clusters from evaporation 
d, t, He3, CY. >EI transport without 

collisions 
<EI kill 

In lhe table EI means lhe lowest energy in the energy 
range table for a given particle in a given medium, These 
defaults can be overwritten using the ECUT command, A 
mare specific control is provided by the use of detectors. 
The delector concept of MC4 is adopted from HERMES. 
Adetector is a strueture which reaets to specific physical 
events in the life history of a parlicle. Whenever Ihe 
detector is triggered, a contribution to a physicaI 
observable (Iike flux or energy deposilion) is computed 
and added in the detector's data strueture, Deteetor results 
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are resolved by region, energy, angle, and time. The 
decision triggering the deteetor ean also be used to request 
the submission of lhe triggering particle (and optionally 
remove it from the current Monte Carlo run). At Ihe end 
of each event the observables gathered in the detector 
structures can be submitted too, 10 be collected and 
combined with lhe contributions deteeted in other Monte 
Carlo codes of the HERMES suite in the global analysis 
program STATIST. 
Two new modules 4 have benn added to MC4: 
The SPG module handles the generation of source 
particles. A set of commands is provided to describe the 
distribution of the various properties of souree particles. 
Predefined distribution functions can be seleeted for source 
points, flight direction, energy or moment um and time 
from a set of commonly used shapes. Additionally 
measured (or other tabulaled) distributions can be read in 
and even user written routines can be used in a well­
defined interface structure. SPG can use the collision 
kerneIs of MC4 to simulate the effeet of primary 
eollisions. Sinee SPO is the most advanced souree particle 
generator in HERMES. a special eommand has been 
introduced to directly record the partieles produced on a 
HERMES submission file. Further development in source 
distributions ean be eoncentrated in future in SPG 
exclusively. 
The new ELAS3

•
4 module is based on the work of T. W. 

Armstrong and B. Coleborn in HETC. It implements the 
elastic scattering of neutrons and protons on target nuclei 
in the energy range of 15 MeV up to 20 GeV. ELAS uses 
cross sections from the HILO and the NASA Iibraries 
wh ich are interpolated in energy and target mass. The 
angular distribution follO\vs a simple parameterization of 
Ihe optieal model. Kinematies is earried out in 4~ 

momentum arithmetie, 

Ip.Cloth et. al. Proceedings ofMC91 Workshop on detector 
and event simulation in high energy physics, Amsterdam, 
The Netherlands 1991 

'P. Clolh et. al. Proceedings of MC93 International 
eonferenee on Monte Carlo Simulation in High Energy 
and Nuclear Physics, Tallahassee, F10rida USA 1993 

'P. Clolh et. al. HERMES A Monte Carlo Program Syslem 
for Beam-Material InteraClion Studies, Report Jül 2203, 
(Mai 1988) ISSN 0366-0885 

40 , Sterzenbach et. al. Proceedings of SARE4 International 
conference , Knoxville Tennesee USA 1998 (to be 
published) 
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A Superconducting Test Modul for the ESS 

W. Brnutigam, O. Felden, S. Martin, G. Sehng, E. Zaplatine 

Aceording to a proposed configuaratioll [I] at present 
Slate the accelerator complex of the European Spallation 
Neutron Souree ESS will consist of two high intensity 
H" -ion sources (1S), their eorresponding low energy 
beam transport systems (LEBT), the radio frequeney 
quadrupol arrangements (RFQ) ineluding the beam 
ehopping in a parallel configuration (Fig.I). After ae­
eeleration up to 5 MeV by the RFQs tlIC Iwo separate 
beams with intensities of approximately 60 mA peak 
eurrent eaeh are eombined to one beam of 350 MHz by 
a specially designed funneling system. Tbe beam is 
aceelerated 10 70 MeV in a 350 MHz Drift Tube Linae 
(DTL) and tllen injected into a Coupled Cavity-Linae 
(CCL) operated at 700 MHz. TIle CCL accelerates the 
H'- beam to the final energy of 1.334 Gev. It delivers 
almost tlle entire beam energy of 5 MW and will be by 
far the most expensive subsystem of the aceelerator 
complex. Tberefore it should be optimized very care­
fully in botll design options, the nonnal and supereon­
ducting version. 

F~ 
15 lEST RFQI ~ RFQl Furloel Dn. Higb tntry li.ue B"""h 

,~"" 

~~~'-----.Jfo:,~_ 
701nA 17SJolH.r I1SMH, 2>.60111A JSOMH.I 700 MHz 100mA 
SOtcV 2MtV SMc.V 10 MeV I)34Mc.V 

14m 33m ." . 
Fig. I : Tbe proposed ESS-LlNAC seheme 

Tbe supereonducting high energy linae proposed for the 
ESS [2] is expected to reduce the lenghlb of this part 
from 663m (Fig, I, normal condueting mode) to less 
tllan 300m. TItis is due to ltigh fleld gradients of about 
IOMV/m, In addition to the redueed eosts for the con­
struetion of buildings and shielding the very effective 
eonversion of eleetrical power into RF aceelerating­
flelds will result in a significant cost reduetion for ope-

ration. - TIle superconducting CCL for the ESS [2] is 
foimed by a total of 21 so called cryomodules; one 
cryomodul is composed of 4 cryo units; each cryo unit 

contains 2 cavities whieb results in a total number of 
168 cavities eaeh eontaining five eeUs. Tbe length of 
one eell of a cavity is P1J2 and therefore varies signifi­
cantly along the proton linae. In order to reduee costs 
for development and construetion the number of differ­
ent cavity geometries have to be minimized. Tbe cavity 
geometries have 10 be optimized with regard to impor­
\ant design parameters as there are ratio of tlle peak 
electric field to the effeetive aceelerating field, ratio of 
maximum magnetie sllrfaee field to electric field, iris 
diameter, eell to eell eoupling. Problems of mul­
tipaeting, fleld entission ete. have to be investigated in 
detail. Additionally more technical aspeets are also 
irnportant as there are: nticrophonies, eoarse and fine 
frequeney tuning of Ibe cavity and cryogenie problems. 
At present a test cavity is under eonstruction whieb will 
be delivered in July 1999. It is specified for an operating 
frequeney of 500 MHz for reasons of availability of RF 
power. Further spees are: p = 0,75, E.~ > 5 MV/m, Qo = 
2 ' 10', T = 4.2K. Two RF ports are provided for the 
possibility ofhigh power testing of RF couplers. 

As the cavities in the ESS linae are operated in pulsed 
mode at a repetition rate of 50 Hz an elaborate control 
system is required for stabilizing amplitude and phase 
under all operating conditions, i.e. beam loading, Lo­
renz forees and nticrophonies have to be eonsidered. It 
is planned to develop a eontrol system on the basis of 
mainly digital teehniques. 

References: 

[1] Tbe ESS Technical Study Volume III, ESS-96-53-M 

[2] Conceptual Design of the SC High Energy Linear 
H'-Aeeeierator for tlle ESS, ESS-96-60-L 
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Radiation Proteetion for ESS Prototypc-Cavity Experiments 

Gb.Sehug, H. Singer, HJ. Probst, R. Stassen, P.v. Rossen, O. Felden, W. Bräutigam 

ESS prototype eavity 
The Nb-5-eell eavity [I] has been ordered for proton 
energies around 480 MeV (v/e=0,75). It will 
nominally work in 7t mode at EoT = 4,4 MV/m at 4 K. 
The tests of the eavity at high eleetro-magnetie fields 
require shielding against Röntgen bremsstrahlung 
produeed by field emission and aeeeieration of 
parasitic electrons [2-4]. The radiation shield must 
allow to operate the cavity at CW and the nominal 
gradient and intennittently at higher gradients. 

Eleetron loading and bremsstrahlung 
The standard textbooks on radiation shielding of 
particle aceelerators do not include the estimation of 
Röntgen bremsstrahlung of accelerating eavities. This 
kind of radiation gets important only at VHF eavities 
and MV cell tensions as in our 500-MHz strueture. 
Therefore. an approximation method was presented 
in a first internal memo [5]. Relevant results of that 
are included in the following. 
Eleetrons will mainly be emitted near the irises of 
the cavity cells. Some typieal eleetron trajectories 
beginning in the first eell are shown in Fig.l. 
We have calculated the energy gains at same 
characteristic electron phases by direct integration. 
The eleetrons will maximally be aeeeierated up to 3 
MeV at the nominal EoT of 4,4 MVlm far protons 
(Tab. I ). The total electron current of I 0 ~A was 
estimated via the low-field and high-field Q as 
guaranteed by ACCEL, Bensberg. This leads to a 
total bremsstrahlung power of 0,75 W [6] ; the 
eorresponding dose rates amount to 0,25 svn, at a 
distanee of I m from the cavity surfaee along the 
eavity axis and 60 mSv/h perpendieular to the axis. 

Fig. I: Eleetron trajeetories at 1!' -mode fjeld 
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The rough formulae of [7] and [8] lead to fonvard­
direction dose rates of 0,2 and 0,14 Sv/h assuming an 
I-MV bremsstrahlung radiation of 10 flA electron 
eurrent and 10 W eleetron power. 11,e eleetron 
potential-gain distribution over the incremental 
electron current was assumed to reach the effective 
eell tension nearly homogeneously and to rapidly 
deerease at higher potential gains, similarly to [9]. 
The estimated angular photon-density distribution 
weil matches that deseribed in [10]. Both referenees 
treat 2/3 7t struetures at v/c =1 , eorresponding to an 
effeetive eell length of 2/3 half wavelengths, whieh 
is not too far from our value (3/4). The 
eJectromagnetic fields near the rounded irises 
resemble to those of our Nb eells. Tab.1 gives an 
overview of the photon-generating parameters. 
Photon radiation and shielding design 
The above estimated dose rate at the main radiation 
direetion eould virtually be generated by an 
equivalent radiation source. This results in a value 
between the aetivities of two stamdard nuelides of 
about 0,5 TBq Co-60 (20 Ci or -20 mg; 1,17 and 
1,33 MeV) and 3 TBq Cs-137 (100 Ci; 0,66 MeV of 
the daughter Ba-137-m). Henee, we ean take 
advantage of the experimental eurves in [11] and 
compare with eaiculated eurves [12] and tables [13]. 
The point-SOlIree built-up faetors [11 ,14,15] are 
therein included. The agreement was within a factor 
of 2 eoneerning the dose rates. A shielding vault will 
be built in the COSY Test Hall (former HHV). We 
avoid to eategorise the hall as eontrolled area, as we 
guarantee the upper limit of2,5 f,SIh ofthe loeal dose 
rate outside the shielding. 



This value had been accepted for COSY by the LAfA 
(Düsseldorf) and leads to maximum personal dose of 
5 rnSv per year (2000h) as required in §60 StrSchV 
(Betrieblicher Überwachungsbereich). The shielding 
design contains the following ray tracks 

• direet axial radiation, attenuated by the shield 
=> 1,10 rn eoncrete equivalent, realised by 0,5m 

ordinary and 0,5 rn barytes concrete; 
• direet perpendieular radiation through the shield, 

=> 0,9 rn ordinary concrete; 
• scattering (Cornpton, Albedo) through the maze, 

=> neeessity of at least 2 scattering steps and a 
closed door with a shielding of 3 mm Fe ; 

• scattering (Compton, Albedo) by the hall walls 
after attenuation by the vault roof, 
=> 30 em roofthickness (ordinary concrete); 

• scattering by the air (photon sky shine) after 
attenuation by vault roof, 
=> 20 em roofthickness (ordinary eonerete); 

• direct radiation to high-f1oor bureau ("Olymp"), 
(20 m air path), attenuated by the roof, 
=> 25 em roofthickness (ordinary conerete); 

• direct radiation to the cellar, attenuated by the 
conerete hall-f1oor (58 crn) at diagonal 
transmission and a stay factor of 10 %) 
=> the existent f100r is suffleient as shield. 

eellnumber 
ceillength 
field mode 
nominal cell tension 
Nominallow-field Q, (4,2 K) 
Nominal high-field Q. (4,2 K) 
Nominal proton energy 
Relative proton velocity v/e 
Nominal proton field E,T 
Proton cell-transit-t. faetor T 
Electron cell-trans.-t.faetor Tl 
Electron 5-eell-t.-t.factor T5 
Eleetron energy by I eell 
Eleetron energy by 5 cells 
Integr. eLcurrent ° ... 1,05 MeV 
Integr. eLeurrent 0,5 ... 1 ,5MeV 
Integr. eLeurrent 1,67 .. .3 MeV 
Integr. eLcurrent 2,22 .. . 3 MeV 
tot. Electron power in 5 cells 
tot. Bremsstr.power in 5 eells 
Equiv. dose rate on cav.surf. 
Equiv. d. rate Im from cav.surf. 
Equiv. virt. Co-60 aetivity 
Equiv. virt. Cs-137 aetivity 
Concrete equivalent 
Equiv. dose rate outside ofvault 
Neutr. dose rate outside of vault 

5 
0,225 m 

1l 
1,24 MV 

2 E+9 
- 3 E+9 

480 MeV 
0,75 

4,4 MV/rn 
0,785 

0 .... 0,875 
0 .... 0,49 

0 ... 1,05 MeV 
0 .... 3 MeV 

10 ~A 
8 ~A 

0,5 ~A 
0,05 ~A 

15W 
0,75W 
~4 Svlh 

~ 0,25 Svlh 
0,5 TBq(-20Ci) 
3 TBq (-IOOCi) 

0,9 ... 1,2 m 
< 0,5 ~Svlh 

< 3 pSvlh 

The inner of the vault will be a elosed area. Hs 
entranee door will be bloeked at RF power-on state. 
Faur radiation monitors near the vault surfaces will 
interrupt the RF power in case of a tao high monitor 
signal for: 

Tab I: Radiation-relevant parameters of O,e Nb-5-cell 
test cavity at 4K and CW operation 

• axial radiation level, 
• radial level, 
• roofradiation level 
• entrance level. 

The site in the hall aod same estimated dose rates are 
shown in Fig.2. 

u 

R!c/YIerrotnl 
veildc.inut-

Fig.2 : Site ofthe shielding vault and estimated dose rates 
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Here, the hall f100r has a weight-carrying capability 
sufflcient for the vault, because it is here provided 
with an basement floor. 
This proposed shielding vault matches also the 
experience of similar Nb-cavity tests perforrned at 
Wuppertal [16] . 

'>'-



Neutron production and shielding 
The photo-neutron production up to 3 Me V has not 
been treated in the standard accelerator shielding 
literature. The photon energies :'>3 MeV enablc only 
2 kinds of electro·disintegration processes, namely 
the (y, n) reactions at Be-9 and D having Ihresholds 
of 1,67 and 2,23 MeV (stable isotopes of olher 
elements have values > 4,9 MeV, the Ihresholds of 
(y, 2n) and (e, ne') reactions are still higher, the 
lowest proton and quasi-deuteron thresholds acem at 
Li-6(y, p) and (y, np) at 4,6 and 3,7 MeV) [17,18,19]. 
But the additional neutron doses can be neglecled 
because of the low Be and D contents of concrete (E-
6) [26-29] and the low reaction cross sections (around 
10 and I mbarn) [18-23] and the given I In shield 
[24,25]. 
Neutron dose and activation measurements at 8 und 6 
MeV electron accelerators [30,31] confirm that 
statement. 

Higher gradients 
The electron current and the X-ray level will 
drastically increase at higher accelerating field 
strengths. An estimation for 7 MV /m leads 10 a 50 
times higher radiation level. The above safely 
concept will also allow future tests at larger fjelds, al 
a duty factors near 10 % during the burn-in phase. 
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Design Conslderatlons fol' a Superconductlng Llnac as an Option for the ESS 

W. Bräutigam, S. Martin, G. Sebug, E. Zaplatine 

Motivation 

An approach for a supercondueting high-eurrent proton 
Iinac for the ESS has been discussed as an option in the 
"Proposal for a Next Generation Neutron Souree for 
Europe- the European Spallation Source (ESS)"[I,2). The 
following work studies the teebnical and eeonomie 
eonditions for a supereondueting Iinae at the bigh-energy 
end of the proposed aeeeierator system. Tbe use of 
supereondueting elliptical cavities for the aeceleration of 
high-energetie particies ß = v / c ~ 1 is eertainly state of 

the art. This is documented by many aetivities (fJNAF, 
TESLA, LEP, LHC, and KEK). For low energy particles 
(ß«I) quarter wave type eavities [4) and spoke-type 
eavities [5) have been diseussed. The main motivation for 
this study is the expectation of significant eost reduetion in 
terms of operational and possibly investment eost. 

Basic Parameters 

The basic parameters of the system are given in 
tables 1,2,3. 

Maximum energy 1334 MeV 
maximum ß=v/e 0.91 
injeetion energy 70 MeV 
injeetionj3 . 0.4 
average eurrent 3.75 mA 
peak eurrent 104 mA 
repetition rate 50 Hz 
pulse length 1.2 ms 
duty faetor 6 % 

Table 1: Basic data of the supereondueting ESS Iinae 

revolution frequeney aceumulator 
revolution time aceumulator 
cbopping beam-on time 
chopping beam-off time 
intensity 
particles per pulse 
particies per RF bunch 

Table 2: Pulse miero strneture 

Energy gain per cavity 

1.67 MHz 
0.6 llS 
360 ns 
240 ns 

4.7 10" 
210' 

The energy gain in eavity is usually given by 
t1 W = eEoT . / . COS(t/J) . Here, T is the transit time-

faetor and I the length of the eaviLy. EoT = E." is the 

aceelerating field and t/J is the pbase distance of the 
synehronous particie to the erest at the centre of the cavity. 
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The matched lengtil of one cavity cell is given by 
A=ßA·)./2 where ßA=ß=V/C the velocity 
factor of the synchronous particle. Tbe cell transit-time 
faetor is given by 

1& 

( 

2A) fol' ß ~ ßA (:S; 3%) 
2· 1+--

ß·). 

TA = 

These expressions negleet the cbanges of beam velocities 
within acei!. Tberefore, the lower formula is in 
accordance with the theory of Wangler [3).We bave set up 
an approximate relation in order to give the validiLy range 
of the pbase t/J. The relative TA errOr bolds less than 

0.5% (1.5%) for It/JI < 76° (85°). This relation is valid up 

to the maximally occurring values of velocity mismateb 
(0.05) and the difference of the beam velocity faetors 
within a eell (0.02). 

frequeney 
RF wave length 
data for a ß=0.75 cavity 
length of a eell A 
length of a 5-cell cavity 
maximum surface electrie field E"" 
accelerating field E~ 
transit time factor per eell TA 
maximum tension amplitude per cell 
maximum pbase for acceleration 

Table 3: Radiofrequency system 

700 MHz 
0.428 m 

0.182 m 
0.91 m 

25 MV/rn 
10 MeV/rn 

0.79 
2 MV 

-20 deRree 

Tbe energy gain of an N-cell cavity results as addition of 
gains of N single eells. Tbereby, particular synchrotron 
pbases of eaeb cell bave successively been ealeulated. 
This numerical method makes the base of future 
longitudinal particle tracking of the bigb-energy part of the 
Iinac. 
The ß-dependence of the energy gain of an N-eell cavity 
can be manifested using Wangler's formalism [3]. Here, 
the beam velocity a10ng the N cells is set to be eonstant. 
Tbe cavity transit-time factor T can then be factorised: 
T = TA' Ts .Where the synchronism factor is given by 



N-l. co{ N;gA J 
(-1) 2 - - N - odd 

{
nßA 

)' N ·co 2ß 
T,( N, f]= .. [ Nnß, ] 

!"..l 2ß 
(-1)2 . , N -even 

N.CO{;; ) 
where ß is the centre velocity factor and ßA is the cavity 
geometric velocity factor. Tbe number of ceHs per cavity 
has been cbosen to be N=5. 

Tbe transit-time factor for such a 5-eeH cavity is sbown 

in the figure I. 

Figure I: transit-time faclor for a 5·ceH cavily vs. the 

velocily ratio ß/ßA 

Tbe maximum value oceurs al the design velocily faclor 

ßD' whieh is a litUe larger than the geometrie velocily ßA. 

ß -grouping 

The ceH number N=5 bave been cbosen for ESS because 
of the smaller influence of the end ceHs compared 10 N=4. 
We bave slighUy rearranged the high energy linac part by 
fixing the maximal surfaee electric field 10 25 MV/m. 

Tbe number of groups of identical cavities 10 be buill 
should be as small as possible for an economic 
manufacluring. On the other band, a criterion bas been 
used 10 lolerate a maximum decrease of the transit-time 
factor of 10% at the ends of the groups of identieal 
cavities. Hence, 5 different groups of identical cavities 
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will be necessary to accelerate the bearn in the linac from 
70 MeV up to 1334 MeV. The geometric velocities for the 
5 groups are ßA=0.353, 0.431, 0.526, 0.641 , and 0.782. 

We will create two additional cavity groups at the upper 
end because most of the energy will be gained at ß=O.75 
(480 MeV). Figure 2 sbows as an example the energy gain 
per ceH for a group of identical cavities. 

Tbe single·ceH tracking method will be completed to 
include also power coupler and trans verse bearn dynamics 
aspects. 

~ 1.15 
::;; _ 1.10 

~ 1.05 
.... 
8. 1.00 

~ 0.95 ... 
~ 0.00 

0.73 0.74 0.75 0.76 0.77 

v/c 

Figure 2: Energy gain per cell ßA=0.75 (crp. 480 MeV). 
Tbe maximum pbase I/J is set to _20°. 
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Aeeelerator Components for the European Spallation Souree ESS 

W. Bräutiganl, 1. Dietrich, O. Felden, R. Maier, S. Martin, A. Sclmase, G. Schug, R. Stassen, E. Zaplatine 

In 1993 a multinational study group, partitionally sup­
ported by the CEC, started to evaluate the feasibilit)' for 
a ne:\.1 generation puIsed European SpaUation Neutron 
Source (ESS). nus conceptual study was completed in 
1996 and a Reference Design was published [I] com­
prising a system of linear accelerators and storage rings, 
combined wiU, very ambitious target tecllllology. n,e 
beam is specified to have an average power of 5 MW at 
a repetition rate of 50 Hz and a p,~se lengU, of about 
1j.lS. n,e entire energy gain is achieved by a combina­
tion of linear aceelerators aceelerating negative charged 
hydrogen ions up to a kinetic energy of 1.334 Gev. 

Beside establislting a site independent cost estimation 
the Reference Design identified areas of research and 
development work, still necessary before such a facility 
can be realised. In an addendum to the fmal report [2] a 
superconducting option for the high energy part of the 
ESS LINAC was discussed. 

Tbe mall' motivation for analysing a superconducting 
option of the ESS linac in addition to the normal con­
dueting reference design is the expectation of a signifi­
cant cost reduction. This asswnption is based on the 
reduced length of the linac, its reduced investment cost 
for the RF system and the savings in the costs for op­
eration. Tbe savings overcompensate the additional 
costs for refrigeration and the more expensive super­
conducting cavities. 

Superconducting aceelerator tecbnology can announce 
great achievements in the last years. It has been applied 
successfully at various high intensity electron accelern­
tors (TJNAF, CER.J'l) or is lll,der development in a 
number of laboratories (DESY, JAERI). So far U,ere is 
no eXllerience with superconducting accelerating struc­
tures at high intensity proton accelerators but severa! 
projects are under development (APT in USA, projects 
in Japan). R&D work is necessary to transfer U,e experi­
ences made at eleclron accelerators into the world of 
proton LINACs. 

It is plarmed to contribute to the application of super­
conducting tecbnology at proton accelerators in U,eo­
retical and eXllerimental way. At present a test cavity is 
under construction at ACCEL Instruments GmbH, 
Bensberg [3]. It wiu be delivered in July 1999 and then 
be the main subject ofthe eXllerimentai program. 

An appropriate working group had to be established first 
for the ESS related accelerator R&D program. At the 
end of 1998 a total amount of about 7 staff-years is 
available for the program. Beside a number of members 
of the COSY department the group is supported by 
other institutes of FZJ (2 scientists) and completed by 2 
seientists on guest- and HGF-positions respectively. 
Important tasks of Utis group at present time is the defi­
rtition of the experimental programme and the prepara­
tion of U,e site for the superconducting test module. Tltis 
includes calculation and design of the x-ray shielding 
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for the system, mapping and compensation or shielding 
of magnetic fields (only a mction of U,e earU, field can 
be accepted), provision for U,e necessary RF power, 
installations for LHe inclusive the feedback of He gas to 
U,e liquefying station. This tasks are mosUl' on the wal', 
significanUy supported by U,e infrastructure of FZJ. 

On the basis of original drawings some calculations 
were done in collaboration wiU, an exiemal eXllert to 
evaluate the dynamic cbaracteristics (mechanical reso­
nances) of the 5-{;ell test cavity. Vibrations significanUy 
influenee the RF resonanee of superconducting systems, 
whieh are characterised by Q faetors > 1010 

In order to verify (and possibly optimise) U,e accelera­
tor configuration ofthe Referenee Design, especially the 
grouping of identical modules in the high energy part of 
the LINAC, software tools were developed or modified. 
A code segment, which supports the parameter­
controlled design layout of multiceU charge coupled 
structures was developed according to our speeifications 
by an exiemal contraetor and is on-hand in a fust ver­
sion. Software packages like MAFIA, SUPERFISH, 
OPERA-3D inclusive TOSCA and SOPRANO are 
eommonly aceepted at many accelerator !aboratories. 
M.rubers of the group could effectively familiarise with 
this codes and achieved already reasonable results. 

In order to optimise U,e total LINAC system, it is man­
datory to analyse and possibly optimise also the low 
energy section. RecenUy novel so called llI- and CH­
structures were proposed and partially already realised 
by scientists of GSI Darmstadt [4]. It has to be investi­
gated, if these structures are appIicabIe with advantage 
for the ESS. In addition we started to investigate also 
U,e characteristies of spoke type cavities; a 5-{;eU nor­
mal conducting test module of this type is ready for test 

Tbe majority ofthe scientists and technicians in the ESS 
group had no experience with linear and Le. with SC 
accelerator components. It is evident that contacts to 
institutes, universities etc. could significanUy support 
U,e practice in a new field. So we are happy to have 
coUaborations with the Universities of Frankfurt and 
Wupperta1, with GSI Dannstadt, DESY Hamburg, and 
intemationaUy wiU, RAL (England), LANSCE Los 
Alarnos (USA), Saclay (France), Aarhus (Denmark), 
JAERI and KEK (both Japan) and companies like AC­
CEL Instnunents, Bensberg, and CRYOELECTRA, 
Wupperta1. 
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Design Study for SC Proton Linac Accelerating Cavities 

E. Zaplatine, W. Braeutigam, S. Martin 

Abstract 
A 70-1334 MeV supereonducting proton linae is under 
consideration as a possible version for the high energy part of 
European Spallation Souree aceelerator. In this paper we 
describe two alternative options of an accelerating structure 
(500 MHz) for this maehine. First is the 5-eell elliptieal 
eavities designed for the ß=-O.5-0.92. The second type is a 
spoke eavity extended to multigap design (ß=-O.3-0.5). A full 
seale SC elliptieal eavity prototype is under eonstruetion in 
eollaboration wilh ACCEL. 

Introduction 

In some reeently launehed projects[I]-[3] for high inten­
sity proton beam aeeeieralion the possibility to use supereon­
ducting cavities is under investigation. For this purpose a weil 
established "elliptieal" (Fig. I) ß~I cavity shape is adapted for 
much slower proton beams with ß range from 0.45 to 0.95. 
At the same time from meehanical calculations such type eav­
ity use for ß lower than 0.5 is accomplished with a need of 
serious mechanical strueture stiffeners. As a possible alterna­
tive a so called spoke eavity[ 4] is under eonsideration. During 
past year, at Forschungszentrum Juelieh, we have been look­
ing at the possibility to use SC eavilies in European Spallation 
Souree projeel (ESS)[5]. 

Figure I: Elliptieal Cavity Geometry (1/8 part is shown) 

SC Cavity Study 

Usually, an elliptical eavity design is a eompromize be­
tween various geometrie parameters whieh should deline a 
most optimal eavity shape in terms of an aeeelerator purpose. 
Within a SC proton linae design there is a need of grouping of 
eavities with different ß = v / c values. It means Olat the pro­
cess of eavity designs for SC linae beeomes time eonsuming. 
Here we want 10 present some basics whieh ean help to obtain 
rather fast Ihe main eavity parameters and whieh we used for 
ESS projeet. A further cavity optimization ean be made after­
wards but we believe that an improvement will be within 10%. 

The main advantage of any SC eavity is a possibility of 
high aecelerating electrie lield maintainee (E,,,). There are 
two eharaeteristies whieh limil in prineiple an aeheivable value 
of E,,,. They are the peak surfaee eleetric field (Epd and the 
peak surfaee magnetie field (Hpk) . Hpk is important beeause 
a superconductorwill quench above the critical magnetic field. 
Thus H pk may not exeeed this level. Epk is important beeause 
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of the danger of field emission in high electric field regions. 
All these mean that to maximize the accelerating field first 
of all it is therefore important during a eavity design to min­
irnze the ratios of peak fields to OIe accelerating field . There 
are some more figures of merit to eompare different designs 
such as power dissipation P" a quality factor Q and shunt 
impedanee R'h . But these paranleters are not so crucial to the 
cavity design and may be varied in some limits without any 
sufficient harrn for a system in whole. Here we should men­
tion also such figure like the eavity apperture (bore radius in 
elliptical eavity design R;). This charaeteristie is obtained in 
conjuction with beam dynamic calculations and more or less 
is defined as a first. The ehoiee of R; limits in some extend 
Epk and Hpk. defines cell-to-eell eoupling in multieell eavity, 
inftuenees the shunt impedanee value and field ftatness. That's 
why it should be ehanged if the first ehoiee was wrong. 

An elliptieal eavity design should start with R; definition. 
Now, as to eoneern the eavity shape design itselfthere are some 
geometrie eharaeteristies (dorne radius R,op, slope angle a, el­
lipse axis) whieh should be defined for a most optimal eavity 
shape in terms of mentioned above RF parameters. And as a 
next step of design we suggest Epd E,,, and Hpk/ E,,, in­
vestigation on slope angle Cl value. The reason of this is that 
an optimal value of a eould be define unique if to eonsider de­
pendenees of Epk / E o" (a eavity frequency 500 MHz) (Fig. 2). 
Here as a parameter we use R,op. On Fig. 3 the similar set of 
Hpk/ E,,, eurves are shown. And already from these two grafs 
one may make adecision about a eavity shape. These ealeula­
tions have been done by means of 2D eavity simulation code 
SUPERFISH[6]. The ellips parameters have been defined by 
program automatieally to satisfy the fixed eelliength ß>'/2. 
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Figure 2: Maximum Eleetric Surfaee Field to Aecelerating 
Field Ratio vs. Cavity Siope Angle a (R;-65 mrn) 

The results of our ealeulalions are presented on Fig. 4 
along with results from otherealculations[IJ-[3J . These results 
reffer to the projeets with quite different basic purposes and 
parameters (pulsed and CW, different final energies and RF fre­
quencies). but these differenees only emphasize the tendeney 
of dependenee on ß. 

Table I lists the main parameters of elliptieal eavity de-
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signs for different ß values. 

Table 1: Some Parameters to Compare Elliptieal Cavities with 
Different ß = v / c 

ß 0.4 0.5 0.6 0.75 0.9 
aperture Ri (ern) 6.5 6.5 6.5 6.5 6.5 
dome R"p (ern) 2.5 3.5 5.5 6.5 9.5 
slope Cl (deg) 6 7.5 6 10 10 
eell-length (ern) 12 15 18 22.5 27 
transit time faetor 0.782 0.778 0.773 0.769 0.761 
Epk / E", 5.15 3.79 3.17 2.60 2.38 
Hpk / E,,, 115.8 87.5 69.6 62.1 52.5 
(Gs/(MV/m)) 
R, * Qo (Ohm) 102.8 132.1 171.2 200.1 245.3 

As an alternative to the eIJiptieal cavity for small ß's a 
spoke eavity is under consideration (Fig. 5). This one eell eav­
ity has been built and tested at high fields at Argonne National 
Lab. The advantages of such type eavity before eIJiptical ones 
are smaller dimensions and higher meehanieal ridgidity. Ta­
b1e 2 Iists some parameters for multyeell spoke eavities. An 
accelerating 1i'-mode eleetrieal field is similar to the eIJiptieal 
eavity accelerating mode but magnetie peak field on surfaee is 
defined by spoke diameter. 

A multigap spoke eavity has a "eeIl-to-ceIl" magnetie 
coupling rather than an eIJiptical eavity with eleetric eoupling. 
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It means that a first frequency of a spoke eavity fundamen­
tal band is 1T accelerating mode whieh should simplify HOM 
damping. 

L 
Figure 5: Spoke Cross Bar Cavity Geometry (1/2 part is 
shown) 

Table 2: Some Parameters to Compare Spoke Cavities with 
Different ß - v / c -

ß 0.3 0.5 
eell-Iength (ern) 9 15 
ace. gap (em) 4.5 10 
transit time faetor 0.805 0.771 

Epk/Ea" 4.2 4.06 
R, * Qo (Ohm) 67.8 103.0 
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A Data Acquisition System for Small Experiments 

T. Sefzick, M. Drochner", P. WUstner", K. Zwoll" 

The computer and data acquisition market is changing 
rapidly: many old PCs are replaced by faster systems 
and MS-DOS is out of fashion. Consequently, there is 
the need to replace the old PC-based CAMAC data 
acquisition systems used for small experiments and de -
tee tor tests. Developing a completely new program is 
beyond any discussion, standard components should be 
used instead to minimize man power and programming 
effort. A new readoUl and visualization system is pre­
sen ted, combining i) .the data acquisition concept de­
veloped by ZEL [I], ii) ported to Linux, and iii) the 
well-known CERN software package PAW [2]. 

ADC lC2249A 

the interface is based on (he visual representation of a 
CAMAC crate, see Fig. 1. When starting the program 
the computer hardware is scanned for installed CA­
MAC interfaces, one can only starl a server for existing 
hardware. After definition of the used converter mod­
ules and activation of the ADC or TDC channels, the 
trigger type Ce.g. LAM trigger or triggering via a syn­
chronisation module) can be selected. Data output can 
be chosen to be to file, tape, or Ntuple. 

lf Ntuple data output is chosen a PA W window is 
started automatically with access to a shared memory 

TDC lC 2226A ~ -- -----'" 
Data 

ADC StlENA 4418V 
Start 

Figure I: Screenshot of the TclTk window used for data acquisition setup and control 

A typical simple data-acquisition system consists of a 
few CAMAC ADC andlor TDC modules, a CAMAC 
crate controller, and a Pe. After porting the server part 
of the ZEL software to Linux additional drivers for 
various CAMAC controllers were re-written resp. 
adapted. The driver for the DSPT CC-SCSII A CA­
MAC controller (in ternally a Jorway73a) consists es­
sentially of the sjy73a package from Fermilab. The 
software for the DSPT 6001/6002 CAMAC (for ISA 
bus) controller was already existing. Only for the PCI­
CAMAC controller (developed by ZEL) software port­
ing from NetBSD to Linux needed to be done. 

For data handling the EMS [3] data format is used, the 
event clusters are written to disk or tape directly, or are 
converled into Ntuples used for graphical representa­
tion and simple analysis under PAW. A circulating 
buffer ass ures that only the newest Ntuples are avail­
able for histogram filling. 

The graphical user interface is written in TclTk using 
the normal window shell (wish) extended by EMS 
commands. The experiment setup is very easy because 
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section containing the continuously updated events. 
The user is free to fill histograms or sca!terplots and 
apply cuts to the data for simple analysis. 

After stopping the data acquisition, PAW windO\vs are 
closed and the interface server is terminated, this is 
done to assure a weil defined situation for the next ac­
quisition. 

The presented system is a good example for the sim­
plicity and scalability of the redesigned ZEL data ac­
quisition system [4]which will be installed at existing 
CaSY experiments in a Iarger scale. 
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COSY Experiment Data Acquisition .nd Processing 

K.H. Watzlawik, M. Kamadi 

In collaboration with institutes inside the KF A and other 
research centers the activities due to the enforcement of 
COSY experiments have been proceeded 11,2/. The main 
topics in this intention are the cooperation with physicists in 
the realization of experiments at COSY as weil as the pro­
viding ofthe data processing processing infrastructure. 

At experiments, the buildup of data acquisition will be 
supported in the installation of various systems. These are 
in particular systems based on Motorola CAMAC, 
FASTBUS and VME CPUs rUlming the OS9 operating 
system and such as based on Intel PCs using the NetBSD 
operating system. Therefor the installation and handling of 
Instrumentation Systems and different CAMAC and 
FASTBUS modules including the frontend CPUs, VICbus 
interfacing and networking will be provided. 
At COSY II experiment, the frontend hardware was recon­
figured. The FASTBUS system was splitted into two crates 
each represented by one Instrumentation System. Addition­
ally the readout of the DRAMS system was distributed at 
three DRAMS receiver modules. Therefore the dead-time of 
the data acquisition is reduced. The control system 
"Wendy" 131 has been adjusted accordingly. 
At the GEM experiment, the frontend CPUs were imple­
mented in the OS9 cluster at the Unix server. 
For the ANKE experiment, the data acquisition was 
buildup. To speedup the event data transfer and other net­
work traffic a 10/100Mbps Ethernet network, consisting of 
two 3COM SuperStack II Switches connected by fiber 
cabels, has heen instalIed. To one switch, located at the 
experiment, frontend PCs are connected by twisted pair 
cables. The other one is placed in the COSY Control room 
and supports the eventbuilder, experiment workstation and 
Linux PCs. Frontend PCs works in the 10Mbps mode, the 
eventbuilder, experiment workstation, Linux PCs and the 
switchinterconnection in the 100Mbps mode. The experi­
ment workstation acts as a gateway 10 the institute wide 
network, the ikpnet. All frontend PCs (at now eleven) are 
implemented in the NetBSD cluster. 
Tbe NetBSD operatmg system has been upgraded to the 
version 1.3.2. For the data acquisition, OIe EMS server 
software, running at frontend PCs and the EMS client soft­
ware, used at the experiment workstation under DigitalUnix, 
has been upgraded to the actual version. Further on, for data 
analysis the XD-Sorter base software and the GEM library 
bave been implemented for DigitalUnix and Linux at the 
Unix server. The actual data analysis software is stored at 
the central Unix server and will be distributed to all col­
laboration partners from OIe ftp account of tltis server. For 
the data analysis at about 12 Intel Pentium PCs the operat­
ing system SuseLinux vers. 5.2 and 5.3 has been instalIed 
and the NFS access to all needed software at the Unix 
server has been established. 

The providing of a data processing structure for COSY 
experiments comprises the buildup of the central Unix 
server and workstation groups as well as the sustaining of 
resources for the data acquisiton at experiments and for the 
analysis of experiment data. In operating systems, support 
is granted for DigitalUnix, ULTRIX, Linux, NetBSD, OS9 
and VMS. Accordingly, the instruction of users is provided 
in the handling of operating systems and the software de­
velopment. 
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One of the basic activities was the improvement of the cen­
tral Unix server regarding to the multi user operation, boot­
service for frontend CPUs at the experiments and software 
service for workstations running DigitalUnix and ULTRlX 
as weil as PCs under Linux and NetBSD operating systems. 
The server was extended regarding to the Memory and disk 
capacity. At now OIe server is equipped with I GB Memory 
and 66GB disk storage capacity. 

Various software products arranged according to the topics: 
data acquisition, data analysis, document preparation, net­
work communication and sofuvare development were im­
plemented or upgraded. The clusters for diskless frontend 
CPUs, namely the cluster for CAMAC, FASTBUS and 
VME CPUs running OS9 and the cluster for PC oriented 
ReadoutControllers in CAMAC and FASTBUS as weil as 
the Eventbuilder using the NetBSD operating system were 
expanded and continuously supported for the COSY 11, 
GEM, ANKE and LAMBDA experiments. 

Due to the improvements of the EMS software, various 
versions of tltis product were implemented. Because of 
problems with the GNU C++ compiler at SuseLinux, the 
RedHat Linux, providing the egcs C++ compiler, has been 
instalIed to port the EMS software to Linux. At now, the 
last release of the EMS software is implemented and tested 
for DigitalUnix, Linux and NetBSD and is available at the 
Unix server. Thereby each configuration of data acquisition 
for experiments can be realized, distributed multicrate con­
figurations with one NetBSD PC for each crate, one dedi­
cated eventbuilder PC and Alpha Workstation or Linux PC 
for experimnt control, as weU as single crate configurations 
for small systems. 
On various Alpha workstations for data analysis at the 
IKPEI and IKPE2 the DigitalUnix vers. 4.0d including the 
NFS access to products at the Unix server was instalIed. 
TIle buildup of a cluster for Linux PCs is taken into account 
for the ANKE collaboration. Because of differences in the 
NFS implementation between DigitalUnix and Linux, in the 
current state of development, at OllS time the central Alpha 
Unix server cannot be used as server for such cluster. For 
the implementation of NetBSD software as weil as for the 
buildup and development of data acquisition, a frontend PC 
with an appropriate CAMAC controller, both developed at 
ZEL, was put into operation. 
In the local FastEthemet network, Alpha workstations and 
Linux PCs equipped with 100Mbps Ethernet interface were 
implemented. 
The preparation of a reliable central backup service for 
Alpha workstations and Linux pes at the Unix server is still 
in progress. 

The old VAX cluster is continuously used by several scien­
tists for omine processing, especially the preparation of 
COSYexperiments. 
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Development of High-speed Digital Signal Processing Techniques for Gamma-ray Tracking 

H. Brands, M. Rossewij , W. Gast, A. Georgiev l , J. Stein l 

For the next generation of high resolution multi­
detector arrays for nuclear spedroscopy employing 
highly segmented tracking detectors, a new version 
of the Pulse Processing Analog to Digital Couverter 
(PPADC) has been built. [t is based on a PCI 
bus implementation developed by our industry part­
ner target systemelectronic gmbh and aims at low 
cost per ehannel, compaet size, and high computing 
power to allow a high nu mb er of processing channels 
as weIl as on-Hne pulse shape analysis . 

1. Hardware 

Ta allow an easy integration juto different instrumen­
tation systems a modular hardware structure was 
chosen. The present system consists of a PCI/ISA 
motherboard onto which up to eight PPADC pro­
cessing channels can be plugged as daughterboards. 
In contrast to previous designs, each daughterboard 
contains all signal processing functions J whereas on 
the motherboard mainly the channel multiplexer, 
controler, on-line singles histogrammer J and readout 
are implemented. 
a) Motherboard 
A prototype of the PCI/ISA motherboard provided 
by target systemelectronic gmbh with four daughter­
board connectors has been assembled and tested. As 
main components it contains a Digital Signal Proces­
sor (DSP) with integrated PCI/ISA interface, two 
PLDs for interfacing and multiplexing the process­
ing ehanneJs, and various memory moduls for singles 
spectra histogramming, booting, etc.(see fig.I). For 
the first tests of the functionality of these compo­
nents the ISA bus interface was used. 
b )Daughterboard 
The daughterboards, measuring only 84x66 mm, 

. contain aB hardware needed for large dynamit range, 
high resolution signal processing: the analog signal 
conditioning and triggering, a 12 bit, 20 Msps sam­
pling ADC with integrated decimation and a max­
imum resolution of 16 bit at 2.5 Msps output data 
rate, and two high performance DSPs. Various Dig­
ital to Analog Converters (DAC) connected to the 
serial ESSI interface of the Motorola DSP are used 
for setup and control (see fig.2) . A prototype of the 
daughterboard provided by target systemelectronic 
gmbh was assembled and tested. For the latter a test 
enviroment employing the host interface, the com­
mand converter, and the JTAG interface of the Mo­
torola Application Development System (ADS) was 
installed. 

2. Software 

Various software modules for testing the hardware, 
controling the parameters, and establishing the com­
munication between the different signal processlllg 
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components have been developed on the basis of sarn­
pie programs provided by target systemelectronic 
gmbh. Most of the software has been written in as­
sembly language using the software tools delivered 
with the Motorola ADS package. 
a) Motherboard 
Various test routines were developed and down­
loaded to the DSP on the motherboard, to test the 
internal and externat memory, the ports, and the in­
terfaces of the DSP. For the down load itself, a pro­
gram provided by target systemelectronic gmbh to 
down load Motorola assembler/linker output files via 
the ISA bus was used. After testing functionality of 
the DSP, software to setup the PCI interface was de­
veloped. A dual boot strategy [IJ was implemented, 
which starts booting from the Flash EEPROM, in 
order e.g. to put the DSP into the proper operating 
mode with respect to the required dock frequency, 
and then continues booting via the PCI bus. 
PC and DSP software modules employing the com­
mercial available virtual device drivers from MTM 
(2] were \\'ritten to establ ish the communication via 
the PCI bus. With these modules it is possible to 
download programs to the DSP and to read/write 
data from/to the DSP. Test measurements were per­
formed to study the communication bandwidth as a 
function of the block size. 
b )Daughterboard 
The high sampling frequency of the ADC and the 
distribution of the real-time processing tasks in the 
PPADC requires a high communication bandwidth 
between the different signal processing components. 
DSP 1 reads the ADC data using its memory inter­
face (PORTA). After preprocessing the ADC data, 
the processed data are send from DSPI to DSP2 via 
the DSP 1 host interface and the DSP2 memory in­
terface. Since the DSP cores are occupied with pro­
cessing tasks, the DSP software had to make use of 
Direct Memory Access (OMA) channels for the ADC 
to DSPI and DSPI to DSP2 data transfers. 
The common mode level, the offset, and the trigger 
level of the analog part as weil as the operation mode 
of the ADC are adjusted by DACs, which are con­
troled via the serial ESSIl interface of DSP 1. Soft­
ware for serial communication via the ESSI interface 
has been written to establish the necessary control 
functions. 

1 target sytemelectronic gmbh, D-42651 Solingen, 
Kölner Str. 99, Germany 
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technology transfer project TTB/V.292.03.92 . 
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Electronics 

J. Bojowald, H. Labus, E. Brökel, N. Dolfus, W. Ernst, G. Lürken, R. Nellen and K. Winkler 

In the IKP-eleetronies laboratory aetivities were earried out 
for the COSY-region, here espeeially for OIe diagnostie 
instrumentations at COSY and the beamlines, and for the 
nuelear experiments with COSY -bearn. Also external 
experiments at CERN and PSI were supported as weil as 
one teehnologieal transfer projeet and first jobs for the ESS 
projeet. Among Olem were developments of eleetronie 
systems and deviees, whieh are not eommercially available, 
eleetronie support during rullning experinlents, eonsulta­
tion and assistance for physicists, and cornmon services 
like repairs, purebase and storage of eleetronie deviees 
and eomponents. Some of the developments were carried 
out in eooperation WiOl the COSY-diagnostic group. In the 
following the representative aetivities are Iisted and briefly 
deseribed. 

Activities fol' COSY: 
For the refitting of the souree bearn line 10 remote can­
trollable eurrent sources with erates and power supplies 
were designed and built. 

For OIe pulsing of the ion optieal elements of the polarised 
source 10 arnplifiers were built with remote eontrolled 
arnplifieation to toggle by a ITL signal between pre 
selectable reference currents . 

The timing eleetronies of the source was modified to use 
the eyelotron bearn for diagnostie purposes and isotope 
produetion during long COSY eyeles. Furtbermore the 
development of a logie system was started whieh a1lows by 
switehes ( loeking switehes in several apparatus or toggle 
switehes on the front panel) or logieallevels the control of 
interlock eonditions for OIe additional bearn pulses during 
the COSY cyele. 

For eurrent and energy measurements of the eyelotron 
bearn with the eapaeitive pickups a VEE prograrn was 
written to read and evaluate the data of the new fast VXI 
scope. Tbe system will also be used for investigation of the 
eyelotron bearn bunehes. 

Considerations and first steps for the layout of a new 
Sehottky piekup are in progress. Special attention is given 
to construct an high sensitive monitor which is even able to 
measure Sebottky noise in both planes by suitable switeh­
ing of eoax relays. 

The eleetronie of one MWPC was modified to ten times 
higher sensitivity for low intensity measurements along OIe 
extraction bearn Hne. 

For the ESS project suitable methods of temperature meas­
urements were searched to measure the super conducting 
eavity surfaee with resolution of <O.IK. 
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Activities for COSY-experiments: 

ANKE: 80 analogue fan outs WiOl special erates and 
power supplies were built. The hardware and software of 
the target eontrol was modified several times. 

COSY -11: A timing controller system was built to stop 
data aequisition and gas f10w of OIe cluster target during 
injeetion and ramp times. The trigger is derived from OIe 
COSY timing and the control is performed by a VEE-pro­
gram. 

TOF: 200 splitters for the fast deteetor signals and flexible 
multiple coax eables with special multi point eonneetors 
were built to expand the energy ealorimeter. 

GEM: Fast limiting arnplifiers were developed and merged 
into 16 fold NIM-Modules. TIley are needed for extension 
of the dynamie amplitude range due to the Iarge energy 
range of the reaetion partieles. 

A TRAP: The development of the fast front end signal 
proeessing eleetronies for OIe spaee sensitive photo multi­
pliers with 16 eathode pixels eonsisting of fast arnplifiers 
and diseriminators was started. Rigid spaee limitations 
demand sophis tieated layout even with SMD camponents. 

TOF and BIG-KARL: For OIe control of the liquid hydro­
gen target, whieh is now based on PC hardware WiOl ana­
logue and digital 110 interface boards and graphieal pro­
gramming with LABVJEW, a new hardware eoneept was 
studied based on FJELD-POINT, a modular distributed 
IIO-System from NI, by whicb future expansion of the 
experiment contral to more sensors and other devices as 
pumps, valves, compressors etc. can be realised with less 
effort and Iiability to interferenees. 

Crystal Speetrometer: Tbe old version of the experiment 
contro! is extended to several new functions as temperature 
eontrol of the erystals and monitoring of different physieal 
states of the deteetor. Also tltis job is done with the 
FJELD-POINT system mentioned above. 111e old software 
is transferTed to the new LABVIEW version 5.1 with real 
time eapabilities offering very eomfortable programming 
strategies but must partly be rewritten and expanded to the 
additional funetions. 

Teehnology-Transfer: A Compton back scatter deteetor 
was developed to measure the speeifie weight of thin 
papers or foils using a photo multiplier with plastie sein­
tillator and a strong AM241 garruna souree wltieh is 
embedded in the centre of the seintillator. 



Seruiconductor Detectol's and Targets 

G. Fiori, A. Harnacher, H. Metz, J. Pfeiffer, D. Protic 

As during the last years the main activity of the laboratory 
was eoncentrated on OIe preparation of the detector system 
"Gernlanium Wall" for GEM-experiments at COSY [I]. 
Fornler regenerated deteetors were plaeed into the seeond 
GEM-eryostat with improved Kapton-feedorroughs whieh 
now enable an easy exchange of the deteetors: One Quirl­
deteetor and !wo E-deteetors with 32 sectors. At the end of 
the GEM-experiment in February 1998 the deteetors 
showed serious radiation darnage. After the annealing in the 
cryostat at - 380 K the deteetors were tested in the labora­
tory with uneollimated y-sourees. Tbe eorresponding spee­
tra did not show a signifieant inf1uenee of OIe former radia­
tion darnage. But even in the beginning ofthe seeond GEM­
experiment in October 1998 the smaller E-deteetor eould 
not deliver proper signals eomming from a eentra! area WiO, 
a diarneter of about 20 mm. The other deteetors worked 
properly up to OIe end of the experiment. 

Tbese facts eonftrm again the differenee between the 
deteetors made from p- or n-type germanium. The smaller 
E-deteetor has been mallufaetered from n-type germanium 
whieh eonverted to the p-type during the thermal treatment 
at 670 K after OIe implantation of pbosphorus ions. Tbe 
larger E-detector with the Li-diffused eontaet has remained 
n-type after the manufacture. Very important eonclusion is 
Otat the n-type germanium deteetors are less sensitive to the 
radiation darnage and easier to regenerate than p-type ones. 
Additional efforts have to be undertaken to establish a reli­
able way of manufaeturing whieh will prevent the change of 
the n-type germanium into OIe p-type, espeeially during the 
treatment at higber temperatures. 

Extensive investigations bave been performed to eontrol the 
depth of the boron implanted p+-Iayers. Tbe range of the 
boron ions irnplanted at the usual energy of 20 keV can be 
as long as 25 Iffil and almost independent on the erystal 
orientation. Due 10 its thickness such a p"'~contact is very 
rugged and ean be easily handled. This is also one of the 
reasans 10 perfonn a position sensitive structure on it. 
Therefore the etehed grooves needed for the eleetrical sepa­
ration of the position elements must be more than 25 llII1 
deep. Such a deep groove will be also quite wide. Tbus the 
realization of fmer structures is not possible. A uew tech­
nique has been established whieh enables produeing of a p +­
contaet with the desired effective thickness. Tbe crystaline 
structure of the surface layer ean be easily destroyed by 
bombarding with argon ions. Such an amorphous layer 
prevents OIe deep penetration of the boron ions. Depending 
on the darnage level, which is deterrnined by the 
implantation dose of argon ions, one can vary the effective 
thiekness of the p + -eontaet in the range from - 2 to 20 1lII1. 
The former used method based on evaporation of a thin 
aluminum layer before the boron implantation led to simitar 
results, but was hard to perfonn in our lab under clean room 
conditions. 
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Several strip deteetors were manufactured from - 4 rum 
thick lithium drifted silicon and tested at COSY. One of 
them, with 80 strips on an area of 20 x !O rum' and a piteh 
of 0.25 rum was installed in the ANKE target area as E­
deteetor of a spectator-teleseope. Preliminary tests were 
performed to investigate the energy and position resolution 
of spectator-protons up to 30 MeV. First resulls have been 
encouraging, but further investigations are neeessary to 
improve the long term stability of the interstrip resistanee in 
vacuum. A two·dimensional position sensitive detector 
system was developed for the diagnosis of the external 
COSY-beam. Two Si(Li) deteetors, eaeb baving 39 strips 
on an area of 39 x 39 rum', have been mounted on a holder 
WiOI Li-eontaet against Li-contaet and strips under 90'. As 
in the ease of the ANKE-detector the read out was per­
forrned by means of a resistive ehain to whieh the deteetor 
strips had been eonneeted. This system was tested at OIe 
eharnber 4.5 in front of BIG KARL during the GEM­
experiment in Oetober 1998. Eaeh deteetor delivered two 
analog signals taken at tJ,e ends of the eorresponding resis­
tor ehain. With OIe help of a Camae based system a two­
dimensional pieture of the beam eross-section eould be 
presented in eaSY eontrol room and at the GEM-experi­
ment. 

During the last experiments inside the CELSIUS-ring (0'_ 
speetrometer, eollaboration with the University of 
Stoekbolm) the E-deteetor of Ibe germanium teleseope was 
mounted in a modified holder with an improved proteetion 
of OIe intrinsie zone [2]. As expeeted, the inerease of OIe 
leakage eurrent in the course of the experiment was mueh 
less pronounced than before although the detector was as 
close as possible to the partiele beam. Tbis improvement 
will enable long measuring times without the need of 
heating up in next experiments [2]. 

A new eollaboration was started with GSI-Dannstadt 
(Lamb-shift at heavy nuclei). For deteetion of x-rays up to 
100 keV a germanium deteetor WiO, 200 strips will be 
manufactured. 

Diverse targets were produeed for IKP-groups such as Mo" 
and Mo" for EUROBALL eollaboration and earbon targets 
on PE-baeking, AI-targets and (empered earbon foils for 
ANKE-experiments. A store of earbon targets was kept 
ready for the COSY-injeetion system. Various seintillators 
for TOF-experiments were covered with evaporated alu­
minium. Aseries of small gl ass plates were eovered with 
evaporated copper of different tJlicknesses (H'-diagnosis). 
Some parts of the COSY ion souree were eleaned with the 
help of O,-plasma. A lot of IKP-groups were supported in 
solving diverse lab problems. 
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Cluster targets for COSY 

H.H. Adam*, A. Khoukaz* , T. Liste!';~\ C. Quentmeier*, R. Santo*, C. Thomas* 

Cluster beams are of growing interest for accelerator 
experiments. Procluced in Laval-nozzles, they can be 
used as windowless targets of very high purity. The 
absolute density can easily be varied over orders of 
magni tude by changing the nozzle temperature cr 
the gas input pressure. Different to gas-jet beams 
they provide a spatially weil defined target beam 
with a homogeneous density distribution. 
In the IKP at Münster extensive studies on cluster 
beam production, especially of hydrogen, have been 
performed in the framework of designing optimized 
cluster targets for storage ring experiments [1]. Two 
cluster targets have been build for the COSY storage 
ring at the FZ-JÜlich. The first one was installed in 
1995 at the target pl.ce TP3 as part of the COSY-
11 installation. Several months of beam time have 
been c.rried out using hydrogen cluster beams with 
areal densities of up to 10'4 atoms/cm2• Detailled 
information on this target can be found in [2, 3]. 
For experiments at the ANKE installation the second 
cluster target for COSY was build in 1998 in the 
IKP at Münster and moved to FZ-Jülich the same 
year. A sketch of the mechanic.1 assembly of this 
cluster target is shown in Fig. 1. Test measurement 
with the ANKE target have been performed in the 
IKP at Münster and the FZ-Jülich and confirmed 
the expected performance comparable to the COSY-
11 target. The installation of the cluster target is 
scheduled for week 31 in 1999, thus first experiments 
within the ANKE installation are planned for fall 
1999. 
For contral purposes via ethernet a slow control sys­
tem based on a LINUX PC-system was designed and 
built up in the IKP at Münster. This cluster tar­
get remote control allows to switch devices on cr off 
and displays pressure values in the different pumping 
stages, nozzle temperature and gas input press ure as 
weil as the status of target components like pumps, 

Laval 
nozzle 

2nd collimalor 
stage 

Isl collimator 
stage 

<? cluster source ~.'--_J 

sealtering 
chamber 

UHV shut.ter 

shutter and valves. Furthermore, two identical switch 
bords, one forseen at the target place and one outside 
of the storage ring, enable the manual control of the 
cluster target. The complete system was already set 
into operation. 
During a test run of the COSY-11 cluster target it 
was shown that also deuterium can be used as target 
material which allows to provide neutrons as target. 
To avoid high operation costs du ring future beam 
times using the more expensive deuterium, a recu­
peration system is under construction in the lKP at 
Münster by collecting the gas after the pumping sys­
tem. After c!eaning of the gas by means of absor!>" 
tion filters it is compressed ($ 20 bar) and fed back 
to the existing gas supply system, which includes a 
hydrogen/deuterium palladium purifier for the final 
cleaning of the gas. 

References: 

[1] A. I<houkaz, T. Lister, C. Quentmeier, R.Santo, 
and C. Thomas, accepted for publication in 
Eur . Phys. Jour. D 
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386, 228 (1997) 

[3] S. Srauksiepe et al. , Nuc!. Phys. A 376, 397 
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Fig. 1. Sketch of the cluster target far the ANKE experiment at eaSY. 
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from Janllary 1710 February 15, 1998 
from Oelober 19 to November 15, 1998 
(InstilUte for Theoretie.1 and Experimental Physies, 
Moskau) 
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from March 22 to April 8, 1998 
from July 5 to Aug. 1,1998 
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(University of Sofia, Sofia, Bulgaria) 

Prof. V. Komarov (E2) 
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COSY 
Dissertation, Januar 1998 
ISBN 90-386-0617-6 
20.30.0 

IKP-98-12-038 
Machner, H. 
Symmetries in Lew Energy Pion Physics and the nNN 
Coupling Constant 
Acta Physica Pol. B29 (1998) 3025 
20.45.0 

IKP-98-12-039 
Meißner UII-G. 
Low Momentum Effeclive Theory for Few·Nucleon 
Systems 
Acta Physica POlonica 829, No. 9 (1998) 2339- 2347 
20.80.0 

IKP-98-12-040 
Meißner, UII-G. 
Hadro" Structure in the Nonperturbative Regime of aco: 
Isospin Symmetry and its Violation 
Proc. Conlerence ,aULEN 97", Osaka, Japan, 20.-
23.5.1997, 
Nucl. Phys. A629 (1998) 72c-81c 
20.80.0 

IKP-98-12-041 
Mosbacher CA 
Hadronische Reaktionen am Deuteron im ö· 
Resonanzbereich 
Dissertation, November 1998 
Jül-3609 
20.80.0 

IKP-98-12·042 
Mosbacher, CA, Osterteld F. 
The 6N Interactions in Hadronic Reaclions on a Deuteron 
Target 
Acta Physica Polon!ca 829, NO.11 (1998) 3087 
20.80.0 

IKP-98-12-043 
Nakayama K., Krewald S., Speth J. 
Possible Role 01 the pN Coupling In Pion Photo-Production 
Acta Physica Polonica 829, No. 9 (1998) 2519-2526 
20.80.0 
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IKP-98-12-044 
Nikolaev N.N. 
Soft and Hard Siruelure of Nucleons as Seen in Deep 
Inelaslle Scattering al HERA 
Acta Physica Polonica, B29, No. 11 (1998) 24t5 
20,80.0 

IKP-98-12-045 
Aazen, B. , Beligeri, M.G., Bojowald, J., Budzanowski, A., 
Chatte~ee, A., Drochner, M., Ernsi, J., Förtsch, S., 
Freindl, L., Frekers, D., Garske, W., Grewer, K. , 
Hamacher, A., Hawash, M., Igel, S., lIieva, I .. Jahn, R., 
Jarezyk, L. , Kemmerling, G., Kilian, K. , Kliezewskl , S., 
Klimala, w., Kolev, 0., Kulsarova, T., Lieb, 8 .J., Lippert, 
G., Machner, H., Magiera, A, Maier, R., Nann, H., Plendl, 
H.S., Protic, 0 .. von Rossen, P., Roy, 8 ., Siudak, R., 
Smyrski, J., Strzalkowski, A, Tsenov, R., Zolnieczuk, P.A 
Beam Energy Calibration wilh Meson ProdueUon 
Acta Physlca Pol. 829 (1998) 3t 19 
20.45.0 

IKP-98-12-046 
Rossi, G.; Morse, J.; ProUe. D.: 
Energy and Position Aesolutlon of Germanium Microstrip 
Detectors at X-ray Energies 15 to 100 keV 
IEEE Trans. Nucl. Seil, NS-
20.20.0 

IKP-98-12-047 
SChaal, H.; Filges, 0.; Neel, R.D.; Sterzenbach, G.; 
Broome, T.: 
ESS Target Station Shieldlng Aspects 
Proe. 2f'tIJ Int. Topical Meeting on Nuclear Applications of 
Accelerator Technology, AccApp '98, Gatlinburg, TN, USA, 
Sept. 20-23, 1998 
20.90.0 

IKP-98-12-048 
Sistemich K. 
Proc. Intem. Workshop on Exiling Physics wilh New 
Accelerator Facilities, Spring 8, Japan, 11.-13.3.1997 
(H. Toki, S. Date, eds.), World Scientific, Singapore, p. 23 
20.45.0 

IKP-98-12-049 
Sterzenbach, G.; Cloth, P.; Filges, 0 .; Neel, R.D.: 
Models and Codes for the Nuctear Assessmenl of the 
ESS Target System 
Proc. 2!'4 Int. Topical Meeting on Nuclear Applications of 
Accelerator Technology, AccApp'98, Gatlinburg, TN, USA, 
Sept. 20·23, 1998 
20.90.0 

IKP-98-12-050 
Schwarz, V.; Bauer, F.; Büßer, K.; lehrach, A ; Lindrein, 
J.; Rohdjess, H. 
EDDA as internal high·energy polarimeter 
13th International Symposium on High·Energy Spin 
Physics, Protvino (1998) 
20.38.0 

IKP-98-12-051 
Vassiliev A. 
Two Dimensional On·Hne Monilor of the Atomic Hydrogen 
(Deuterium) Flow 
PNPI Gatchlna Report, EP-46-1998, no. 2260 (1998). 
20.45.0 



IKP-98-12-052 
Wojcik M., Drozdz S. 
Configuration Mixlng Effecls in Isoscalar Giant Dipole 
Resonance 
Acta Physica Polonica 629, No. 9 (1998) 2239-2244 
20.80.0 
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Invited Talks 

IKP·98·21-001 
Baur G. 
Photon-Photon and Photon-Hadron Physics in Peripheral 
Collisions at LHC 
Workshop .Heavy ton Physics with CMS", CERN, Geneve, 
Switzerland,12.·12.6.1998 
20.80.0 

IKp·98·21·002 
Bauf G. 
Two Photon Physlcs in pp and AA Collislons 
Workshop .Photon InteracIions and the ProIon Structure", 
Lund, Sweden, 10.·13.9.1 998 
20.80.0 

IKP·98·21·003 
BaurG. 
Photon· Photon and Photon·Hadron InteractIons at 
Relativisllo Heavy Ion Colliders 
.International School of Nuclear Physlcs: Heavy Ion 
Collisions from Nuclear 10 Quark MaUer", 
Erice, Italy, 17.·25.9.1998 
20.80.0 

IKp·98·21·004 
Epelbaum E. 
Nuclear Forces from ehiral Lagrangians Using the Method 
of Unitary Transformation 
Workshop "EHeclive Field Theorles" Caltech, Pasadena, 
USA,26.·27.2.1998 
20.80.0 

IKp·98·21·005 
Epelbaum E. 
Low-mamentum Effective theory for Nucleons Using the 
Method' of Unitary Transformation 
Workshop .Few·Body Problems in Physlcs", Autrance, 
France, 1.·6.6.1998 
20.80.0 

IKp·98·21 ·006 
Epelbaum E. 
Low·momentum EHeclive Theory for Two Nucleons 
Workshop "Chiral EHective Theories", Bad Honnef, 
Gennany, 30.11.·4.12.1998 
20.80.0 

tKP·98·21·007 
Fettes N. 
Pion·Nucleon Scattering in Heavy Baryon ehiral 
Perturbation Theory 
Workshop .ehiral EffectivB Theories­
Bad Honnef, Gennany, 2.12.1998 
20.80.0 

IKp·98·21·008 
Fllges, 0.: 
European Spallation Source: Material Seienee Research 
Tool 10r the Next Millenium 
APSltPNS Joint Seminar, ANL Chlcago, May 6, 1998 
20.90.0 

IKP-98·21 ·009 
Fllges, 0.: 
European Spallation Source, ChaHenges in the Target 
Station Design 
IPNS Division Seminar, ANL Chicago, May 7, 1998 
20.90.0 
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IKP·98·21·010 
Filges, 0.: 
Die "Europäische Spallalionsneutronenquelle (ESS)" 
Lehrstuhl für ReaktorsIcherheit und -Technik, AWTH 
Aachen, 19. Mai 1998 
20.90.0 

IKp·98·21 -011 
Go«a, D. 
Experiments on Exotic Atoms Spectroscopy 
Workshop on .. Frontier Tests of Quantum Electrodynamics 
and Physlcs of the Vacuum", 
Sandansky, Bulgaria, 10.·14.6.1998 
20.50.0 

IKP-98·21·012 
Go«a, D. 
Protonlum X·ray Spectroscopy 
Invited talk, workshop on "Exotic Atoms, Molecules and 
Muon catalyzed Fusion", 19·24.7.1998, Monte VerM, 
Ascona, Switzerland 
20.50.0 

IKp·98·21·013 
Grzonka, D. 
The experimental program al COSY 
WorkshOp on Future DlrecUons In Quark Nuclear Physics, 
Adelaide, Australien, 9.·20.3.1998 
20.45.0 

IKp·98·21·014 
Haidenbauer, J. 
Meson Produclions in Nucleon-Nucleon Collislons 
Workshop .Future Directlons in Quark Nuclear Physlc", 
Melalde, Australia, 9.·20.3.1998 
20.80.0 

IKp·98·21·015 
Haldenbauer, J. 
Plan Production in Proton-Proton Oolilslons 
Workshop .MESONS98", Krakow, Poland, 26.5.·2.6.1998 
20.80.0 

IKp·98·21-016 
Haidenbauer, J. 
Vector Meson Production in Nucleon-Nucleon Collisions 
Unlversilät Gießen, Gießen, Germany, 29.10.1998 
20.80.0 

IKP·98·21-017 
Haldenbauer J. 
POlarlzation in Pion Productions Reactions 
Workshop "Intermediate Energy Spin Physics", Jülich, 
Gennany, 18.·20.11 .1998 
20.80.0 

IKp·98·21·018 
Haldenbauer J. 
Meson Production in Nucleon·Nucleon Collisions 
UERJ, Rio de Janeiro, Brazil, 29.11.1998 
20.80.0 

IKP·98-2 1·019 
Hanhart C. 
1t Production near Threshokt - Aale of the 6 Resonance 
Workshop "Pion Production near Threshold~~ Argonne Nat. 
Lab .. Argonne, USA,13.8.1998 
20.60.0 



IKP-98-21-020 
Hanhart C. 
TC Production near Threshold - Rale of the .6 Resonance 
Workshop "Mesons-Nuclear Physics", Oberjoch, 
Germany, 29.9.1998 
20.80.0 

IKP-98-21-021 
Hemmert T. 
NN and Nß Form-Factors viewed tram CHPT 
Lecture. Workshop .. N~ Physics and Nonperturbative 
QCD", Trento, Italy, 18_-29.5.1998 
20.80.0 

IKP-98-21-022 
Hemmert T. 
Reoent Developments in the Physics of Nucleon Form­
Factors 
Particle Physics Seminar, University of Zürich, 
Switzerland, 24.6. t 998 
20.80.0 

IKP-98-21-023 
Hemmert T. 
Muan Capture and the Pseudoscalar Fonn-Factar of the 
Nucleon 
Conferenee .BARYONS 98", Bonn, Germany, 22.-
26.9.1998 
20.80.0 

IKP-98-21-024 
Hemmert T. 
Strange Magnetism 
Conference "BARYONS 98", Bann, Germany, 22.-
26.9.1998 
20.80.0 

IKP-98-21 -025 
Hemmert T. 
Baryon CHPT and Nucleon Resonance Physics 
WE-Heraeus Seminar "Chiral Effeclive Theories" I Bad 
Honnef, Germany, 30.11.-4.12.1998 
20.80.0 

IKP-98-21 -026 
Hemmert T. 
Effekte der Delta Resonanz bei niedrigen Energien 
CANU-Meeting, Bad Honnef, Germany, 21.-22.12.1998 
20.80.0 

IKP-98-21-027 
Kamerdzhiev S. 
Compression Mode in Medium Mass Nuclei 
Conference "Giant Resonances~ , Varenna, lIaly, 11.-
16.5.1998 
20.80.0 

IKP-98-21-028 
Kamerdzhiev S. 
Effects of the Quasiparticle-phonon Inleraclion in Magie 
and Non-magie Nuelei 
Workshop "The Struelure of Mesons, Baryons and Nuclei~ , 

Krakow, Poland, 26.-30.5.1998 
20.80.0 
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IKP-98-21 -029 
Kamerdzhiev S. 
Distribution of Single-partiele Strenglh in Odd Non-magie 
Nuelei 
Spring Seminar on Nuelear Physics "Highlights of Modem 
Nuclear Structure", S. Agata Sui Dui Golfi, Italy, 18.-
22.5.1998 
20.80.0 

IKP-98-21 -030 
Kilian, K. 
Assoeialed Hyperon Production al COSY 
MESON ' 98 Konferenz, Krakau, Polen, 27.5.-2.6.1998 
20.45_0 

IKP-98-21-031 
Klemt V. 
On Self-Consisteney in Ihe Theory of Finite Fermi 
Systems 
Workshop, "MESON98", Krakow, Poland, 29.5.-2.6.1998 
20.80.0 

IKP-98-21-032 
Krehl, O. 
Nucleon Resonances in nN Scattering 
DPG Frühjahrstagung, Bochum, Germany, 16.3.1998 
20.80.0 

IKP-98-21-033 
Krehl, O. 
nN--?l1N Cross Seelions and The Influence of Baryonie 
Resonances 
Workshop . MESON98", Krakow, Poland, 29.5.1998 
20.80.0 

IKP-98-21-034 
Krewald S. 
Bulk Properties of Nuclei derived from Medium-modified 
Meson-Exchange Inleraetions 
"International Workshop of Nuelear Structure under 
Extreme Conditions", Xian, China, 23.-27.3.1998 
20.80.0 

IKP-98-21-035 
Krewald S. 
The Role of the Fock Terms and lsovector Mesons in 
Relativislie Hartree-Fock Calculations for Neulron-Rich 
Noolei 
Workshop .MESONS98", Kraeow, Poland, 27.5.-2.6.1998 
20_80.0 

IKP-98-21-036 
Kulessa P. 
Determination of the A Ufetime in Heavy Hypernuelei 
Kaon workshop, FZ Rossendorl, Dresden, 10.-11.12.98 
20.45.0 

IKP-98-21-037 
Lehraeh, A. 
Polarized Proton Beam at COSY' 
Beschteunigerseminar AGS, Brookhaven Nalional 
Laboratory, NY, USA, 30.4.1998 
20.30.0 

IKP-98-21-038 
Lehrach, A. 
Polarized Proton Beam at COSY' 
Besehleunigerseminar HERA, DESY Hamburg, 31.3.1998 
20.30.0 



IKP'98·21 ·039 
Machner, H. 
Isospin Symmetry in Hadronic Aeactions 
MESON '98 Konferenz. Krakau, Polen, 27.5.·2,6,1998 
20,45,0 

IKp·98·21·040 
Maler. R. 
Perlormance and perspeclive of Ihe Cooler Synchrotoron 
eOSY, National Acceleralor Cenlre, South Affica, 
7,10.1998 
20,30,0 

IKp·98·21·041 
Maier, R.; Prasuhn. 0.; Röser, A.; Schilcher, R.B.; 
Schneeweiß. F.; Tölle, R. 
Evaluation of Radiation Physics tor radiation of CeU 
Cultures using 45 MeV Cyclotron Protons al 
Forschungszentrum JÜlich. 22.-25- Mai, Heidelberg 
20.30,0 

IKP·98·21 ·042 
Maier, R.; Prasuhn. 0 .; Roser, A.; Schilcher, R.B.; 
Sohneeweiß, F.; Tölle, R. 
Physikalische Rahmenbedingungen für die Bestrahlung 
von Zellkulturen mit 45 MeV Protonen am Zyklotron des 
Forschungszentrum JUlich, 07.-10.1 1.98, Nürnberg 
20,30,0 

IKp·98·21 ·043 
Meißner Ulf·G. 
Pion Nucleon Scattering and Isospin Violation 
Workshop "Future Dlrections in Quark Nuclear Physics~, 
Adelaide, Australia, 9,·20.3,1998 
20,80,0 

IKp·98·21 ·044 
Meißner Ulf·G, 
Low Momentum Effective Theory 10r Few-Nucleon 
Systems 
Workshop "The Structure of Mesons, Baryons and Nuclei", 
Kracow, Poland, 26,·30,5,1998 
20,80,0 

IKp·98·21 ·045 
Meißner Ulf·G, 
Chiral Symmetry and Parity - Violating Meson - Nucleon 
Interaction Regions 
Workshop "Parity Violation in Hadronic and Nuclear 
Systems·, INT, Seanle, USA, 22.·24,6,1998. 
20.80,0 

IKp·98·21 ·046 
Meißner UIf·G, 
Thoughts about pion and Eta Production in Proton-Proton 
Collisions 
lNT, Workshop "Pion Production Near Threshold", 
Argonne National Lab, Argonne, USA, 8,·9,8,1998 
20,80,0 

IKP·98·21 ·047 
Melnitchouk W. 
Meson· Exchange Model for the YN Interaction 
Workshop "Speolroscopy of Hypernuclei·, Tohoku 
University, Sendai, Japan, 8" 10. 1,1998 
20,80,0 
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IKp·98·21 ·048 
Melnitchouk W, 
Quark Asymmetries in the Proton 
Workshop "Future Direclions in Quark Nuclear Physics", 
University of Adelaide, Adelaide, Australia, 9,·20,3,1998 
20.80,0 

IKp·9B·21 ·049 
Melnilchouk W. 
Quark Asymmetries in the Proton 
Workshop .National Trimonthly Medium-Energy Physics 
Meeting", University of Groningen, Gronlngen, The 
Netherlands, June 1998 
20.80,0 

IKP·98·21 ·050 
Melnitchouk W, 
Extraction of Twist-Four Matrix Elements of the Nucleon 
"Intemational Nuc1ear Physics Conference '98~. Paris, 
France.24,·28,8,1998 
20,80,0 

IKp·98·21 ·051 
Melnitehouk W. 
Can Deeply-Virtual Compton SoaHering be Measured 
"European Centre for Theoretical Studies Workshop 
(ECT')", Trento, Italy, 1,·11.9,1998 
20,80,0 

IKp·98·21·052 
Melnitchouk W. 
Where is the Spin of Ihe Nueleon 
"International Workshop on Intermediat. Energy Spin 
Physics·, Technologiezentrum, JOIich, Germany, 
18,·20,11 .1998 
20,80,0 

IKp·98·21·053 
Mosbacher, CA 
The AN Interaellons In Hadronie Reaelions on a Deuteron 
Target 
Workshop "MESON98", Krakow. Poland, 29,5,1998 
20.80,0 

IKp·98·21-054 
Mosbacher CA 
Hadronie Reactions on a Deuteron Target in the I:J. 

Resonanee Energy Region 
Universite Paris Sud, Orsay, France, 3.11.1998 
20,80,0 

IKp·98·21 ·055 
Nikolaev N,N, 
Soft and Hard Structure of Nueleons as Seen In Deep 
Inelastie Seattering al HERA 
Workshop "The Structure of Mesons, Baryons and Nuclei", 
Krakow, POland, 26.-30,5,1998 
20,80.0 

IKp·98·21 ·056 
Nikolaev N,N. 
Lightcone QCD and Dlffractive DIS 
. IX International Workshop on Small·x Physics and Light· 
Front Dynamlcs in QCD., St. Petersburg, Russia, 
6.-15.7,1998 
20,80,0 



IKP-98-21-057 
Nikolaev N.N. 
Diffractive vector mesons and BFKL Pomeron 
Workshop "BFKL", St. Petersbur9, Gatchina, Russia, 
21.-25.12.1998 
20.80.0 

IKP-98-21-058 
Nikolaev N.N. 
Intrinsic Transverse Momentum of Gluons in the Pomeron 
"HERA Monte-Carlo Workshop", DESY, Hamburg, 
Germany, 1.9.1998 
20.80.0 

IKP-98-21-059 
Nikolaev N.N. 
Vector Meson Production 
Workshop "Strukturfunktionen und hadronische 
Wellenfunktionen", Bad Honnef, Germany, 14.-18.12.1998 
20.80.0 

IKP-98-21-060 
aelert, W. 
Physics at casy - Experimenls at CaSY-ll 
WASNPRaMICE Main Meeting, Uppsala, 20.-23.3.1998 
20.45.0 

IKP-98-21'061 
Schäfer, W. 
The Tensor Structure Function b,2{X,Q2) of the Deuteron at 
smallx 
Workshop "Deep Inelastic ScaUering and aCD (DIS98)", 
Brussels, Belgium, 5.4.1998 
20.80.0 

IKP-98-21-062 
Schäfer, W. 
Secondary Reggeons in Diffractive DIS: The Microscopic 
aco Evaluation 
Workshop "Deep Inelastic ScaUering and aCD (DIS98)", 
Brussels, Belgium, 6.4.1998 
20.80.0 

IKP-98-21-063 
Schäfer, W. 
The Impact of NLO Correclions on the Determination of 
the du,d -Conten! cf Nucleons trom Drell-Van Production 

Workshop "Deep Inelastic ScaUering and aCD (DIS98), 
Brussels, Belgium, 6.4.1998 
20.80.0 

IKP-98-21-064 
Schäfer, W. 
Nuclear Modifications of Parton Densities in the Deuteron 
Workshop "Coherent QCD Processes wilh Nucleons and 
Nuclei (ECT)", Trento, Italy, 8.9.1998 
20.80.0 

IKP-98-21-065 
Schnase, A, 
Digitale Signalverarbeitung bei den HF-Systemen von 
CaSY, GSI Danmsladt, 29. - 30.1.1998 
20.30.0 

IKP-98-21-066 
K. Sistemich 
Research at COSY 
EU Meeting on Frontiers in Nuclear Physics and 
Astrophysics, Jyväskylä, Finland, ::19 .-30.6.1998 
20.45.0 

242 

IKP-98-21-067 
Spelh J. 
nN-Scattering and the Struclure of the First Excited States 
of the Nucleon 
Workshop "Future Direclions in Quark Nuclei Physics", 
Adelaide, Auslralia, 10.3.1998 
20.80.0 

IKP-98-21-068 
Speth J. 
Meson-Baryon and Meson-Meson Interactions 
Workshop "The Structure of Mesons, Baryons and Nuclei", 
Krakow, Poland, 26.-30.5.1998, 
Acta Physica Polonica, Vol. B29 (1998) 2185-2560 
20.80.0 

IKP-98-21-069 
Speth J. 
Sea-quark Distributions in the Proton 
Workshop ~Strukturfunktionen und hadronische 
Wellenfunktionen" 
Bad Honnef, Germany,14.12.1998 
20.80.0 

IKP-98-21-070 
Stein, H.J. 
Application of Electron Cooling in CaSY 
Workshop "Medium Energy Electron Cooling~ 
JINR Dubna, Russia, 14.-15.9.1998 
20.50.0 

IKP-98-21-071 
Steininger S, 
Isospin Violation in Pion-Nukleon Interaction 
Workshop "Eleclronuclear Physics wilh Internal Targets 
and the Bates Large Acceplance Spectrometer Toroid 
(BLAST- MIT-Bates), Cambridge, USA, May 1998 
20.80.0 

IKP-98-21-072 
Stockhorst, H. 
The Use of Noise for Stochastic Extraclion and Cooling 
DESY, Hamburg, 19. - 20.5.1998 
20.30.0 

IKP-98-21-073 
Stockhorst, H. 
Ullra Siow Extraction and Stochastic Cooling at casy 
Frühjahrslagung der Deutschen Physikalischen 
Gesellschaft, DPG, Bochum, 16.-20.3.1998 
20.30.0 

IKP-98-21-074 
Stockhorst, H. 
Formung des CaSY Strahls 
ELSNCaSY-Seminar am Physikalischen Institut der 
Universität Bonn, 27,1,1998 
20.30.0 

IKP-98-21-075 
Ströher H. 
Polarizabilities of Hadrons 
Meson '98, Krakau (Polen), 2.3.1998 
20.50.0 



IKP-98-21-076 
Zoller VoR. 
The Aunning BFKL: Precocious Asymptopia for Charm 
and Ihe dF,/dlogO'-puzzle 
Workshop ~6lh International Workshop on Oeep lnelaslic 
5cattering and OCO (01598), Brussels, Belgium , April 
1998, 
20.80.0 

IKP-98-21-0n 
ZollerV.R. 
Forward Cone In Exclusive Heavy Vector Meson 
Production 
Workshop .6~ International Workshop on Oeep Inelastle 
5cattering and OCO (01598), Brussels, Belglum, April 
1998, 
20.80.0 
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Conference Contributions 

IKP-98-22-001 
Barsov, S" Brüggemann, R' t Koch, N" Koptev, V" 
Lemaitre, S. , Loevenich, H., Maier, R. , Mikirtichyants, S., 
Nellen, R, Nelyubin, V_, Paetz gen_ Schieck, H" Pohl, H., 
Prasuhn, D., Rathmann, F., Schleichert, R, Schug, G., 
Schult, O.W.B., Seyfarth, H., Souslov, A., Steffens, E., 
Stein, H.J., Vassiliev, A., Zwoll. K. 
The polarised Atomic Bearn Souree for the inlemal Gas 
Target at ANKE/COSY 
DPG-Frühjahrstagung, Physik der Hadronen und Kerne, 
Bochum, 16.-20.3.1998 
20.45.0 

IKP-98-22-002 
Barsov, S., Bechsledt, U., Bongers. N., Sarchert, G., 
Borgs, W .• BÜSChe" M., Eßer, A., GeHa, D., Hartmann, 
M., Junghans, H., Klehr, F., Koch, H.R, Maier, R, Ohm, 
H., Prasuhn, 0 ., Schleichert, R., Schneider, H., Schneider, 
Chr., Schult, O.W.B., Seyfarth, H., Sistemich, K., Stein, 
H.J. für ANKE-Kollaberation 
The spectrometer ANKE ot COSY 
DPG-Frühjahrstagung, Bochum, Germany, 22.-26.3.1998 
20.45.0 

IKP-98-22-003 
BaurG. 
Application of Coulomb Dissociation 10 Nuclear 
Astrophyslcs 
Vortrag, Workshop .Hirschegg98", Hlrschegg, Germany, 
11.-17.1.1998 
20.80.0 

IKP-98-22-004 
Baur G. 
Photon·Photon Physik mit relativistischen Schwerionen· 
kollisionen 
Vortrag, .DPG-Frühjahrstagung', Bochum, Germany, 
16.-20.3.1998 
20.80.0 

IKP-98-22-005 
Baur G. 
Neue Möglichkeiten für Coulombdissoziationsexperimente 
zur nukfearen Astrophysik 
Vortrag, ,.Arbei1streffen Experimente "Nukleare Astro· 
physik', GSI, Darmstadt, Germany, 23.-24.4.1998 
20.80.0 

IKP-98-22-006 
BaurG. 
CoulombdissoziaUon: Anwendung auf Kemstruktur und 
Nukleare Astrophysik 
Kernphysikalisches Kolloquium, Universität Gießen, 
Gießen, Germany, 9.7.1998 
20.80.0 

IKP-98-22-007 
Bilger, R, Grossmann, R, Clement, H, Wagner, G.J. and 
the COSY-11 Collaberation 
Search for the rtNN Resonance d· at COSY -11 with the 
Reaclion PP~pp1i1tt 
Verhandlungen der DPG, Bochum, 16.-20.3.1998 
20.45_0 
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IKP-98-22-008 
Böckmann R. 
",,-Scattering and the Softening of the pNN Form Faclor 
Vortrag, DPG-Frühjahrstagung, Bochum, Germany, 16.-
20.3.1998 
20.80.0 

IKP-98-22·009 
Borchert, G. 
High resolution X-ray spec!roscopy in exotic aloms 
KVI Groningen, 10.3.1998 
20.50.0 

IKP-98-22-010 
8orchert, G .• Drochner. M., Erven. W., Hartmann. M., 
Junghans, H., Koch, H.R, Langenhagen H., Ohm, H., 
Wüslner. P., Zwoll. K. 
Economlc MWPC-readout al ANKE: data reduclion with 
chamber mounted highly integrated circuits and data 
processing with industrial PC's 
Nuclear Physics Spring Meeting, Bochum, Germany, 
16.-20.3.1998, contributlon HK 56.71 
20.45.0 

IKP-98-22-011 
Borchert, G., Erven, W., Junghans, H., Koch, H. R , 
Langenhagen, H .. Ohm, H., ZwolI, K. 
large area MWPCs with fast on· board readout tor the 
spectrometer ANKE 
DPG Frühjahrstagung, Bochum 16.-20.3.1 998 
20.45.0 

IKP-98-22·012 
Borchert, G. 
High resolution X-ray spectroscopy in exotic atoms 
PNPI Gatchlna, 6.8.1998 
20.50.0 

fKP-98-22'013 
Borchert, G. 
What can we leam from high reSOlution X-ray 
speclroscopy in exotic atoms 
ITEP Moskau, 19.8.1998 
20.50.0 

IKP-98-22-014 
Borgs, W., Cassing, W., Hodde, H., Jarczyk, L., Kamys, 
B., Koch, H.R, Kulessa, P., Maler, R, Matoba, M., Ohm, 
H., Prasuhn, D., Pysz, K., Rucy, Z., Schult, O.W.B., 
Strzalkowskl, A., Zychor, 1., 
The lifet/me of heavy hypemuclei produced in the 2098i + P 
reaclion at COSV Jülich 
DPG Frühjahrstagung, Bochum 16.-20.3.1998 
20.45.0 

IKP-98-22-015 
80rgs, W., Cassing, W., Jarczyk, l., Hartmann, M., 
Hermes, T., Hodde, H., Kamys, B., Koch. H.R., Kulessa, 
P., Maier. R. , Matoba. M .. Ohm , H., Pfeiffer, J., Prasuhn, 
D., Pysz, K., Rudy, Z., Schult, O.w.B., Strzalkowski, A., 
Uozumi, V., Zychor, 1.. 
Production of i\ -hypemuclei at COSY Jülich 
Workshop on Perspectives of Strangeness and 
Hypernuclear Physics, GSI Darmstadt, 6.·7.4.1998 
20.45.0 



IKP-98-22-016 
Bräutigam, W. 
Superconducling lINAC Componenls lor ESS 
Aceelerator Applicalions'98, Gatlinburg, TN, USA, 
20.-23.09.98 
20.30.0 

IKP-98-22-017 
Büscher M. 

Planned studies of a '0 4mesons using the reaelion 

pp->da t ->K' K 0 al ANKE/COSY, 

Spring Meeting of Nuc/ear Physics Seelians, Bochurn. 
Germany, 16.-20.3.1998 
20.45.0 

IKP-98-22-018 
BOscher M. 
Physics allhe ANKE speclromeler al COSY.Jülich 
Institute of Theoretical and Experimental Physics, ' 
Moscow, Russia, 10.6.1998 
20.45.0 

IKP-98-22-019 
Bülliker P 
A Dispersive Analysis of rot ScaHering 
DPG-Frühjahrslagung, Bochum, Gennany 16.-20.3.1998 
20.80.0 

IKP-98-22-020 
Dezarn. W.A., Doskow, J., Dzemldzic, M., Haeberli, W., 
Hardie, J.G., Lorentz, B., Meyer, H.O .. Pollock, R.E .. von 
Przewoski, B., Aathmann, F., Rinckel, T., Sperisen, F., 
Paneella p.v., Wise, T .. 
Measurements of Spin GorrelaUan CoeHicients in pp 
Elaslic Scattering between 200 and 450 MeV: Analysis, 
Resulls and Comparison 10 Theory 
DPG-FrühJahrslagung, Physik der Hadronen und Kerne, 
Bochum, 16.-20.3.1 998 
20.50.0 

IKP-98-22-021 
Dielrlch, J. 
Beschleunigerphysikalische Messungen an eaSY mit 
bunchsynchroner Ablaslung 
Winterseminar des Instituts für angewandte Physik der 
J.W. Goelhe·Universiläl FrankfurtlMain, 22. - 28.2.1998 
20.30.0 

IKP-98·22-022 
Epelbaum E. 
Nuclear Forces from Chiral Lagrangians Using the Method 
of Unitary Transformation 
DPG-Frühjahrslagung, Bochum, Germany, 16.-20.3.1998 
20.80.0 

IKP-98-22-023 
Eßer, R. , Hartmann, M., Ohm, H., Prietzschk, B., 
Rimarzig, B., Schleichert, R. , Schneider, A. 
A monitoring system for scintillation counters based on 
pulsed LEDs 
DPG Frühjahrslagung, Bochum 16.-20.3.1998 
20.45.0 

IKP-98-22-024 
Eyrich, W. lor Ihe eOSY-TOF-Collaboralion 
Strangeness Production in the Reaelion pp~K· Ap Close 
10 Threshold 
Verhandlungen der DPG, Bochum, 16.-20.3.1998 
20.45.0 
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IKP-98-22-025 
Fettes N. 
Inclusive and Deep Inelaslic Scanering 1rom a Dressed 
Nucleon 
DPG-Friihjahrslagung, Bochum, Germany, 16.3.1998 
20.80.0 

IKP-98-22-026 
Filges, D.; Neel, R.-D.; Schaal, H.; SIerzenbach, G.; lor 
Ihe NESSI-, ASTE-, JESSICA- and RECOIL Collaboralion: 
Radiation Physics and Nuclear Assessment of the Targel 
Station of the European Spaltalion Neutron Source 
4th Speclalists ' Meeting on SImulation Aceelerator 
Radiation Environments (SARE-4). Knoxville. Tennessee, 
13.-16.9.1998 
20.90.0 

IKP-98-22-027 
Filges, D.; Neel, R.-D.; lor Ihe NESSI-Collaboralion: 
Thin and Thick Target Benchmark Investigations 10 
Validale Spallalion Physics Models 
4~ Speclalisls' Meeling on Shlelding Aspecls 01 
Aceeleralors, Targels and Irradialion Facililies (SATIF-4), 
Knoxvllle, Tennessee, 17.-18.9.1998 
20.90.0 

IKP-98-22-028 
Filges, D.: 
StrategIen zur Inkorporationsüberwachung an PEr­
Zentren am Beispiel des Forschungszentrums Jü!ich 
30. Jahrestagung Radioaktivität in Mensch und Umwelt, 
L1ndau im Bodensee, 28.9.-2.10.1998 
20.48.0 

IKP-98·22-029 
Gast, W. , Georgiev, A., Stein, J., van der Meer, E.A., 
Mlhallescu, L. and Lieder, R.M. 
Test of a Pulse-Shape Analyzer Based on Digital Signal 
Processing Techniques 
Verhandlungen der DPG, Bochum, 16.-20.3.1998 
20.10.0 

IKP-98-22-030 
Gebel, R. 
Polarized Proton an Deuteron Ion Sources tor COSY 
Workshop on Intermediate Spin Physics, Jülich, 
18.-20.11 .1 998 
20.30.0 

IKP-98-22-031 
Gotta, D. 
Fifth Blennial Cont. on Low Energy Antiproton Physics 
(LEAP 98), Villasimius, Cagliari, lIaly, 7.-12.9.1998 
20.50.0 

IKP-98-22-032 
Gotta, D. 
Protonium X-ray spectroseopy 
Spring Meeling 01 Ihe DPG, Bochum, FRG, 16.3.1998 
20.50.0 

IKP-98-22-033 
Gotta D. 
Strong interaetion etfects in pionie deuterium 
Spring Meeling 01 Ihe DPG, Bochum, FRG, 16.3.1998 
20.50.0 



IKP·98·22·034 
Grewer, K. lor the GEM·Coliaboration 
First Measuremenls with the Germanium Wall 
Verhandlungen der DPG, Bochum, 16.·20.3.1998 
20.45.0 

IKp·98·22·035 
Grzonka, D. 
Physics at COSY 
XIV International Seminar on High Energy Physics 
Problems, Dubna, 17.·22.8.1998 
20.45.0 

IKP·98·22·036 
Haldenbauer J. 
The Reaelion PP->PPQ and the Violation 01 the OZI·Rule 
Vortrag, Conlerence .BARYONS98", Bonn, Germany, 22.' 
26.9.1998 
20.80.0 

IKp·98·22·037 
Haidenbauer J. 
Meson Production in Nucleon-Nucleon Collisions 
UNESP, Sao Paolo, Brazil,14.12.1998 
20.80.0 

IKp·98·22·038 
Hanhart C. 
1t Production near Threshold - Rote of the ß Resonance 
Vortrag, DPG·Frühjahrstagung, Bochum, Germany, 
17.3.1998 
20.80.0 

IKP·98·22·039 
Hanhart C. 
Jt Production near Threshold - Rale of the 6. Resonance 
Seminar, University of Washington. SeaHle. USA, 
19.8.1998 
20.80.0 

IKp·98·22·040 
Hanhart C. 
1t Production naar Threshold - Role of the !1 Resonance 
Vortrag, Conlerence .BARYONS98", Bonn, Germany, 
23.9.1998 
20.80.0 

IKp·98·22·041 
Hanhart C. 
Meson Produktion nahe der Schwelle 
Seminar, Universität Freiburg, Germany, 11.12.1998 
20.80.0 

IKp·98·22·042 
Hanhart C. 
Meson Produktion nahe der Schwelle 
Vortrag, CANU·Meeting, Bad Honnel, Germany, 21 .' 
22.12.1998 
20.80.0 

IKP·98·22·043 
Hemmert T. 
The Nucleon Form Factars al 8mall Momenlum Transfer 
Vortrag, DPG·Frühjahrslagung, Bochum, Germany, 16.· 
20.5.1998 
20.80.0 
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IKp·98·22·044 
HemmertT. 
Strange Magnetism in Ihe Nucleon 
Talk, Workshop .. The Physics of Strangeness" 
INT, SeaHle, USA, 28.9.·4.12.1998 
20.80.0 

IKp·98·22·045 
Holmann, M. and ATRAP·Coliaboration 
A Deteelor System lor the Observation 01 Cold 
Antihydrogen at AD/CERN 
Verhandlungen der DPG, Bochum, 16.·20.3.1998 
20.50.0 

IKp·98·22·046 
Hoffmann, W.; Bienen, J.; Filges, 0 .; Schmitz, Th.: 
TLD 300 Dosimetry in a 175 MeV Proton eeam 
12th Int. Conf. on Solid State Dosimetry, Burgos, Spanien, 
5.·10.7.1998 
20.48.0 

IKp·98·22·047 
llieva, 1., Kutsarova, T. , Machner, H. 
Coulomb Correclions for pp;drt+ Cross Seetions 
Verhandlungen der DPG, Bochum, 16.·20.3.1998 
20.45.0 

IKP·98·22·048 
Kamerdzhiev S. 
Microscopic Description of Excitations of Odd Non-magie 
Nuelel 
Seminar, Universität Köln, Köln, Germany, 20.1.1998 
20.80.0 

IKp·98·22·049 
Kilian, K. 
Future Strangeness Experiments at COSY 
Senday Workshop on the Speelroseopy 01 Hypernuelei 
Sendai, Tokyo, 8.·10.1.1998 
20.50.0 

IKp·98·22·050 
Kilian, K. 
Strangeness with Antiproton 
Sendai Int. Workshop on the Spectroscopy of Hypemuclei, 
Tohoku University, Sendai, Japan, 8.·10.1.1998 
20.45.0 

IKp·98·22·051 
Killan, K. 
Resultate von COSY 
ISKP der Uni Bonn, 22.1.1998 
20.45.0 

IKp·98·22·052 
KiHan, K. 
Resultate und Perspektiven der Hadronenphysik an COSY 
FZ Rossendort, Dresden, 22.6.1998 
20.45.0 

IKp·98·22·053 
Kllian, K. 
Deteetor Equipment at COSY 
FCG·Meeting, KVI Groningen, 10.·11.10.1998 
20.45.0 



IKp·98·22·054 
Kilian, K. 
Experimenls al COSY 
Inl. KEK·Tanashi Symposium, Univ. of Tokyo, 14.· 
17.12.1998 
20.45.0 

IKp·98·22·055 
KlImala, W. for Ihe GEM·eoliaboralion 
Seareh for Pionic Atoms in 209Bi(p,2p)208Bi pp ~ 9Q Jt' 

Verhandlungen der DPG, Bochum, 16.·20.3.1998 
20.45.0 

IKp·98·22·056 
Krewald S. 
Ein Meson-Austausch Modell fOr die Pion-Nukleon 
Streuung 
Vortrag, DPG Frühjahrslagung, Bochum, Genmany, 16.· 
20.3.1998 
20.80.0 

IKp·98·22·057 
Krewald S. 
The Effec! of Vector-meson Nucleon Channels in Pion 
Photoproduclion 
Seminar, George Washington Universrty, Washingion, 
USA,8.10.1998 
20.80.0 

IKp·98·22·058 
Krewald S. 
Der Vektormeson-Nukleon Reaktionskanat und das 
Problem der weichen Formfaktoren in der Pion 
Photoproduktion 
Seminar, TH Darmstadt, Darmstadt, Germany 3.12.1998 
20.80.0 

IKp·98·22·059 
Lehrach, A. 
Acceleration of Polarized Beams in eOSy 
Workshop on Intermediate Spin Physics, 
JÜlleh,18. -20.11.1998 
20.30.0 

IKp·98·22·060 
Lehrach, A. 
Polarized Proion Beam al COSY 
DPG Fruehjahrslagung Bochum, 16. - 20.3.1998 
20.30.0 
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Menegazzo, R. Pavan, p" Pelrache, C.M., Rossi-Alvarez, 
C., Ur, C.A., Venlurelli , R., DePoli, M., Gadea, A., de 
Angelis, G" Napoli, D.R., Podolyak, Z., Gast, W., 
Georglev, A., Jäger, H,M., Jensen, H.J., Rzaca-Urban, T., 
Urban, w., Pytel, Z., Augsburg, M., Stabosta, K., Kalfas, 
C.A., Papadopoulos, C.T., Vlastou, R. 
Search for the Oecay-out of the Yrast Superdeformed 
Band in 144Gd 
Verhandlungen der DPG, Bochum, 16.·20.3.1998 
20.10.0 

IKp·98·22·062 
Lieder, R.M. 
Study of Superdeformalion in Light Gd Nuclei wilh Large 
Gamma-Oetector Arrays 
Workshop on Nuclear Theory, Gueletchiza, Bulgarien, 15.-
20.6.1998 
20.10.0 
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IKP·98·22·063 
Machner, H. 
Symmelries in low Energy Pion Physics 
Workshop on Broken Symmelries, SchladminglÖsterreich, 
27.2.·8.3.1998 
20.45.0 

IKp·98·22·064 
Machner, H. 
Symmetries in low Energy Pion Physics 
Workshop on Broken Symmetries, Schladming, 
Österreieh,27.2.·8.3.1998 
20.45.0 

IKP·98·22·065 
Machner. H., Razen, B. 
Symmelries in low Energy Pion Physics 
Verhandlungen der DPG, Bochum, 16.·20.3.1998 
20.45.0 

IKP·98·22·066 
Machner, H. 
Mesonenproduktion nahe der Schwelle in Proton·Proton· 
und Proton-Deuteron-Wechselwirkungen 
Koll. des FB Physik der Uni GH Essen, 28.10.98 
20.45.0 

IKP·98·22·067 
Maier, R. 
Beschleunigerphysikalische Arbeiten mit dem und für das 
Kühlersynchrotron COSY 
Universität Frankfurt, Seminar WS 97/98 , 6.2.1998 
20.30.0 

IKp·98·22·068 
Martin, S. 
Beam Dynamics Considerations for a Superconducling 
Hlgh·Energy H·Linae for the ESS. 
Aeeeierator Applicatlons'98, Gatlinburg, TN , USA, 
20.·23.09.98 
20.38.0 

IKp·98·22·069 
Meißner Ulf·G. 
Chlral Oynamics: Status and Perspectives 
Vortrag, Conferenee .BARYONS98", Bonn, Genmany, 22.· 
26.9. 1998. 
20.80.0 

IKp·98·22·070 
Meißner Ulf·G. 
Effective Field Theory Approaches 10 Pion Production in 
Proton Proton Collisions 
Vortrag, Conferenee .BARYONS 98", Bonn, Genmany, 
22.·26.9.1998. 
20.80.0 

IKp·98·22·071 
Melnitehouk W. 
Quark Asymmetries in the Nucleon 
Talk, Universily of Maryland, USA, July 1998, 
20.80.0 

IKp·98·22·072 
Melnitehouk W. 
Asymmetric Quarks In the Proton 
Talk, Universily of Coimbra, Portugal, Oetober 1998 
20.80.0 



IKP-98-22-073 
Mosbacher, C.A. 
Study of <IN and M ExcHations in the Reacllons .'dHpp 
and (lIX)odHnp 
Vortrag, DPG-FrOhJahrstagung, Bochum, Germany, 
19,6,1998 
20.80.0 

IKP-98-22-074 
Mosbacher, C.A. 
Quantendynamik in Liouville·Raum 
Vortrag, Sommerakademie, Studienstiftung des 
Deutschen Volkes, Molveno, Italy, 4.9. I 998 
20.80.0 

IKP-98-22-075 
Neet, R.O., Arai, M., Bauer, G .. Carroll, A.S., Conrad, H., 
Filges, D., Futakawa, M. Glasgow, D., Haines, J., 
Hastings, J.. Ikeda, Y., Jerde" E., Kijanagi, Y., 
Nakashima, H., Spitzer, H., Stechern esser, H .. Takada, H. 
Watanabe, N.: 
Spallation Neutron Target Experiments at the AGS-BNL 
DPG-Frühjahrstagung, Bochum, Germany, 16.-20,3.1998 
20.48.0 

IKP-98-22-076 
Nikolaev N.N. 
Diffractive DIS: Summary of the Oiffractive Working Group 
Convener at the .. 6111 International Workshop on Deep 
Inelastic Scaltering and QCD (DIS98), 
Brussels, Belgium, 4.-8.4. I 998 
20.80.0 

IKP-98-22-077 
Oelert, W. for the COSY-l I -Collaboration 
Strangeness Production into t<+K and WY from pp 
Scaltering at COSY 
Verhandlungen der DPG, Bochum, 16.-20.3.1998 
20.45.0 

IKP-98-22-078 
Oelert, W. togeOler with the eOSY- 11 Collaboratlon 
~. -Meson Production in the pp Scaltering at eaSY 
Verhandlungen der DPG, Bochum, 16.-20.3.1998 
20.45.0 

IKP-98-22-079 
Oelert, W. together with the eOSY -1 I Collaboration 
Luminosity Determination at the Experiment COSY -11 
Verhandlungen der DPG, Bochum, 16.-20.3.1998 
20.45.0 

IKP-98-22-080 
Oelert, W. together with the eOSY -11 Collaboration 

A Measurement of pp -+ AA near Threshold 
Verhandlungen der DPG, Bochum, 16.-20.3.1998 
20.45.0 

IKP-98-22-081 
Oelert, W. 
Physics at COSY - Experiments at COSY-ll 
WASAIPROMICE Main Meeting, Uppsala, 20.-23.3.1998 
20.45.0 

IKP-98-22-082 
Oelert, W. 
Strangeness ProducUon Experiments at COSY·11, Status 
and Future 
Working group at GSI, Darmstadt, 6.-7.4.1998 
20.45.0 
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IKP-98-22-083 
Oelert, W. 
Strangeness Production on the Nucleon 
Workshop on Perspectives of Strangeness and 
Hypernuclear Physics 
GSI Danmstadt, 6.-7.4.1998 
20.45.0 

IKP-98-22-084 
Oelert, W. 
Große Maschinen für kleinste Teilchen der 
Grundlagenforschung 
Journalistenseminar, Jü!ich, 11. ~ 12 .5 . 1998 

20.45.0 

IKp·98-22-085 
Oelert, W. 
Mesonenproduction an der Schwelle in der Proton· Proton 
Streuung 
Gemeinsames kernphysikalisches Kolloquium beider 
Münchener Universitäten, München, 5.6.1998 
20.45.0 

IKP-98-22-086 
Oelert, W. 
Kt·Erzeugung in der Proton·Proton·Wechselwirkung 
16. CANU-Arbeilstreffen, Bad Honnef, 21.-22.12.1998 
20.45.0 

IKP-98-22-087 
Probst, H.J. 
Gerätetechnischer Strahlenschutz und 
Sicherheitsmaßnahmen für Beschleunigerstrahlenschutz 
RWTH Aachen, Haus der Technik, Essen, 7. - 10.9.1998 

IKP-98-22-088 
Probst, H.J. 
Betriebsinterne Überwachung und Kontrolle, Wartung und 
Aufzeichnungen und Meldepflichten; 
Spezialkurs für Beschleunigerstrahlenschutz 
RWTH Aachen, Haus der Technik, Essen, 7. -10.9.1998 

IKP-98-22-089 
Probst, H.J. 
Arbeitsabläufe und Strahlenschutzplanung; 
Spezialkurs für Beschleunigerstrahlenschutz 
RWTH Aachen, Haus der Technik, Essen, 7. - 10.9.1998 

IKP-98-22-090 
Rathmann, F. 
ANKE 
Nuclear PhysicsSeminar,IUCF,16.4.1998 
20.45.0 

IKP-98-22-091 
Schaal, H.; Filges, D.; Sterzenbach, G.: 
Methods to Calcufate SpalIatIon Source Shields and 
COmparison with Experiment 
4th Specialists' Meeting on Shielding Aspects of 
Aceeleralors, Targels and Irradiation Facilities (SATIF-4), 
Knoxville, Tennessee, 17.-18.9.1998 
20.90.0 

IKP-98-22-092 
Schäfer, W. 
The Impact of NLO Corrections on Ihe Determination of 
the dll, d ·COntent of Nucleons from Drell·Yan Produclion 
Vortrag, DPG-FrOhjahrstagung, Bochum, Germany, 
22.-26.3.1998 
20.80.0 



IKP-98-22-093 
Sewerin S. 
Vergleich der Wirkungsquerschnitte für A· und I· 
Produktion im Schwellen bereich 
16. CANU Arbeitstreffen, Bad Honnef, 21.-22.12.1998 
20.45.0 

IKP-98-22-094 
K. Sistemich 
German-Russlan Research al ANKE/eaSY 
Workshop on Scientific Cooperation between JINR and 
German Research Cenlres 
Dubna, 16.-17.11.1998 
20.45.0 

IKP-98-22-095 
K. Sistemich 
Access 10 COSY for New European Users 
Mid-Term Review by the European Commission 
Louvain-Ia-Neuve, Belgiurn, 21.10.1998 
20.45.0 

IKP-98-22-096 
Speth J. 
Compression Modes In Nuctei 
Kolloquium, Universlty of Witwatersrand, Witwatersrand, 
South Africa, 18.2.1998 
20.80.0 

IKP-98-22-097 
Speth J . 
Neutral Pion Productlon 
Seminar, University of Witwatersrand, Witwatersrand, 
South Africa, 20.2.1998 
20.80.0 

IKP-98-22-098 
Speth J . 
Compression Modes in Nuctei 
Kollocuium, Universlty of Stellenbosch, Stellenbosch, 
South Africa, 24.2.1998 
20.80.0 

IKP-98-22-099 
Speth J. 
Compression Modes in Nuctei 
Kolloquium, University of Captown, Captown, South Africa, 
26.2.1998 
20.80.0 

IKP-98-22-100 
Speth J. 
Compression Modes in Nuclei 
Kolloquium, University of Adelaide, Adelaide, Australia, 
19.3.1998 
20.80.0 

IKP-98-22-101 
Slassen, R, 
Stochastische Kühlung am Speicherring COSY 
DPG Früjahrstagung, Bochum , 16. -20.3.1998 
20.38.0 

IKP-98-22-102 
Steininger S. 
Isospinverletzung in TaC- und RN-Reaktionen 
Arbeilstreffen .Kemphysik" , Schleching, Germany, 25.2.-
5.3.1998 
20.80.0 
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IKP-98-22-103 
Steininger S. 
Isospin Violation in rot and nN-Scattering 
Seminar Talk, Indian Institute of Seienee, Sangalore, 
India, March 1998 
20.80.0 

IKP-98-22-104 
Steininger S. 
Virtual Photons in Chiral Perturbation Theory 
Seminar Talk, University of Massachusetts, Amherst, 
USA, August 1998 
20.80.0 

IKP-98-22-105 
Steininger S. 
Isospin Violation in Pion·Nukleon Scattering 
Workshop . BARYONS98", Bonn, 22.-26.9.1998 
20.80.0 

IKP-98-22-106 
Stelninger S. 
Isospinbrechung in der Pion-Nukleon-Streuung 
Studientage des Graduiertenkollegs . Die Ertorschung 
subnuklearer Strukturen der Materie .... , Adenau, 
24.-27.11.1998 
20.80.0 

IKP-98-22-107 
Steininger S. 
Isospin-Violation in Pion-Nucleon Scattering 
Workshop "Chiral Etfective Theories", Bad Honnef, 
30,11.-4.12.1998 
20.80.0 

IKP-98-22-108 
Sterzenbach, G.; Cloth, P.; Filges, D.: 
MC4 - A new Hadronic Monte Garto Code for High to 
Medium Energies 
4th Specialists' Meeting on Simulation Accelerator 
Radiation Environments (SARE-4), Knoxville, Tennessee, 
13.-16.9.1998 
20.48.0 

IKP-98-22-109 
Ströher H. 
Photonukleare Experimente an MAMI und anderswo 
Graduiertenkolleg "Schwerionenphysik" Universitäten 
Frankfurt-Gießen 
29.1.1998 
20.50.0 

IKP-98-22-1 10 
Ströher H. 
Polarisierbarkeiten von Hadronen 
Schleching, 2.3.1998 
20.50.0 

IKP-98-22-111 
Ströher H. 
Die innere Struktur des Nukleons 
Kolloculum GSI Darmstadt, 27.10.1998 
20.50.0 



IKP-98-22-112 
Venkova, Ts., Lieder, R.M., Utzelmannl SI., Gast, W., 
Sehnare, H., Marti, G.V., Spohr, K. , Hoernes, P .. 
Georgiev, A., Bazzacco. 0 " Menegazzo, R.. Rosst· 
Alvarez, C" de Angelis, G., Kaczarowski, R., Rzaca· 
Urban, T., Morek, T .. Maier, K.H., Frauendor!, S. 
Beobachtung einer vh912 Bandenkreuzung In 18005 
Verhandlungen der DPG, Bochum, 16.-20.3.1998 
20.10.0 

Poster 

IKP-98-23-001 
Mosbaeher C.A. 
Study of M Excltalions in the Reaction n+p-id+1Ot 
Posterbeitrag, Conlerenee "BARYONS98", Bonn, 
Germany, 22.-26.9.1998 
20.80.0 

IKP-98-23·002 
Stassen, R. 
The stochastic c001in9 system and its application 10 
interna I experiments al the Cooler Synchrotron eaSY 
EPAC 98, Stockholm, 22. - 26.6.1998 
20.38.0 

Patents 

IKP-10 
G. Heinrichs, H. Meulh, A. Schnase, H. Stockhorsl 
Patent P 43 42 520.8 - 35 "Sehmalbandiger arbiträrer HF­
Modulations- und Rauschgenerator· (Digitaler Rausch­
generator für die ullralangsame Extraktion an easY) 
Patent in Amerika unter der Nummer 5694094 erteilt: 
(Narrow Band Arbitrary HF Modulation and Nolse 
Generator.) 
20.30.0 
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Lectures at Universities 

WS 97/98 

IKP·9B-4-001 
Baur G. 
Einführung in die allgemeine Relativrtätstheorie 
Universität Basel, V1 
1.1 KPH 

I Kp·9B-4-002 
Borchert G. l. 
Physik für Naturwissenschaftler 11 
Universität zu Köln, V 4 
1.1 KPH 

IKp·9B-4-003 
Borchert G. l. 
Oberseminar Kempysik 
Universität zu Köln, S 2 
1.1 KPH 

IKP·9B·4·0Q4 
Filges D. 
Einführung von computergestützten Rechenverfahren! 
Simulationsrechnungen mit Teilchentransportprogrammen 
Universiläl Wuppertal, V 2, Ü 1 
1.4 ESS 

IKp·9B-4-005 
Krewald S. 
Einführung In die Theorie der schwachen Wechselwirkung 
Universität Bonn, V 4, Ü 2 
1.1 KPH 

IKP·9B·4·006 
Maier R. 
Anwendung von Teilchenbeschleunigern 
Universität Bonn 
1.1 KPH 

IKp·9B-4-007 
Meißner UII·G. 
Quantentheorie I 
Universität Bonn, V 4, Ü 4 
1.1 KPH 

IKp·98-4-008 
Oelen, W. 
Teilcenphysik I 
Universität 8ochum, V 4 
1.1 KPH 

I KP·98-4·009 
Sislemich K. 
Physik für Mediziner 
Universität zu Köln, V 2 
1.1 KPH 

IKP·98-4-010 
Sisiemich K. 
Oberseminar Kernphysik 
Universität zu Köln, S 2 
1.1 KPH 

IKp·98-4-009 
Spelh J. 
Quantentheorie I 
Universität Bonn, V 4, Ü 4 
1.1 KPH 
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5S98 

IKp·98-4-001 
Baur G. 
Kosmologie und allgemeine Relativitätstheorie 
Universität Basel, V 1 
1.1 KPH 

IKP-98+002 
Filges, D. 
Ausgewählle Kapilei des SIrahlenschulzes 
Universität Wuppertal, V 2 
1.4 ESS 

IKp·98·4·003 
Krewald S. 
EinfUhrung in die Theorie der schwachen Wechselwirkung 
Universität Bonn, V 4, Ü 2 
1.1 KPH 

IKp·98·4·004 
Machner. H. 
Kern- und Teilchenphysik 
Universität Essen, V 4, S 2 
1.1 KPH 

IKp·98·4·005 
Meißner Ulf·G. 
Relativistische Quantenmechanik und Viettettchentheorie 
Universität Bonn, V 4, Ü 4 
1.1 KPH 

IKp·98-4-006 
Sistemich K. 
Physik für Naturwissenschaftler 
Universität zu Köln, V 2 
1.1 KPH 

IKp·98·4·007 
SpelhJ. 
Relativistische Quantenmechanik und Vielteilchentheorie 
Universität Bonn, V 4, Ü 4 
1.1 KPH 

IKp·98-4-00B 
Slröher, H. 
Physik I 
Universität zu Köln, V6, Ü 2 
1.1 KPH 

IKp·98-4-009 
Slröher, H. 
Oberseminar über Kernphysik 
Universität zu Köln, S 2 
1.1 KPH 

WS 98199 

IKp·98-4-001 
Baur G. 
Allgemeine Relativitätstheorie, schwarze Löcher und 
relativistische Astrophysik 
Universität Basel, V1 
1.1 KPH 

IKP-98·4·002 
Borchert G. L. 
Oberseminar Kernphysik 
Universität zu Köln, S 2 
1.1 KPH 



IKp·98·4·003 
Dietrich J. 
Kompaktkurs Beschleunigerphysik 
Institut für Kem- und Teilchenphysik 
Technische Universität Dresden 
1.1 KPH 

IKp·98·4·004 
Filges D. 
Physik 111, Kernphysik, Thermodynamik 
Universität Wuppertal, V 2, U 2 
1.1 KPH, 1.4 ESS 

IKp·98+00S 
Krewald S. 
Klassische Mechanik und Elektrodynamik für 
Lehramtsstudierende 
Universnät 80nn, V 4, Ü 2 
1.1 KPH 

IKp·98·4·006 
Meißner Ulf·G. 
Angewandte Quantenfeldtheorie 
Universität Bonn. V 4, 0 4 
1.1 KPH 

IKP·98·4·007 
SiS1emich K. 
Oberseminar Kernphysik 
Universität zu Köln, S 2 
1.1 KPH 

IKP·98+008 
Speth J. 
Angewandte Quantenfeldtheorie 
Universität Bonn, V 4, Ü 4 
1.1 KPH 
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Xl. INDEX OF AUTHORS 

COSY -11-Collaboration 

COSY-13-Collaboration 
ANKE-Collaboration 

32,33,34,35, 
36,38,39,40, 
41 
46,47 
11 

COSY -GEM -Collaboration 26,27,28, 
30,167 

COSY -EDDA -Collaboration 
COSY-TOF-Collaboration 
COSY -MOMO-Collaboration 
A TRAP-Collaboration 
NESSI-CollabOl'ation 
ASTE-Collaboration 
JESSICA-Collaboration 

42, 
5,7,40 
167 
54,55,56 
177,178,179 
182 
180 
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Conin, L. 
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18 
9 
25,207 
53 
61 
18 
53 
23 
95 
123,124,125,126,135 
61 
45,141 ,142,155 
48 
48 
78,80,82 
5 
156 
42,48 
98 
48 
151 
54,150,205 
142,154 
13,16,18,19,20,53 
20 
156 
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61,63,64,203 
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205 
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84 
53 
53 
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5 
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Döring, K. 
Dolfus, N . 
Drechsel, D. 
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Drozdz, S. 
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Fanara, C. 
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Fearing, H. W. 
Felden, O. 
Fettes, N. 
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Fortov, V. E. 
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Gadea, A. 
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Goldenbaum, F. 
Goldmann, U. 

5 
205 
85 
201 
131 
88,121 
13,20 
53 
53 
167,168 
23 
177,178 
76 
48 
205 
19,54 
147,149,151 
45 
61 
10 
61 
78 
45,161,187,188,193 
73,74,75 
177,178,180,182,184 
206 
117 
161 
61 
177,178 
101 
61,63,64,203 
45,144,154,161,162 
23 
87 
203 
10 
45,161 
76 
171 
177,178,180,182 
9 



Golubeva, Ye.S. 14 Krol , G. 155 
Gorke, H. 53 Kruck, K. 156,167 
Gotta, D. 53 Krüger, A. 76 
Grishina, V. 15 Ktorides, C. N. 87 
Grümmer, F. 132,133 Kudryavtsev, A. 92,95 
Grzonka, D. 54,55 Ku1ikov, A.V. 13,16,20 
Haberbosch, C. 154 Kuraev, E. V. 110 
Hadamek, H. 5,54,55 Kurbatov, A. 13 ,20 
Haidenbauer, J. 15,88,90,95,101 Labus, H. 205 
Ha1abuka, Z. 125 Lehrach, A. 141 ,142,144 
Hamacher, A. 206 Lenz, S. 53 
Hanhat1, Ch. 15,88,90,91,92, Letourneau, A. 177,178 

95,98,101,102 Leuschner, A. 124 
Hansen, G. 5 Lieder, R.M. 61,63,64 
Häsing, F. 145 Lister, Th. 25 ,36,207 
Hat1mann, M. 20 Lorenz, S. 23 
Hat1ung, R. 145 Lott, B. 177,178 
Hassan, A. 8 Lunardi, S. 61 
Hauser, P. 53 Lürken, G. 205 
Hemmert, T.R. 78,79,80,85,87 Ma, Z.Y. 132 
Hencken, K. 123,125,126 Macharashvi1i, G.G. 16,20 
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Herbach, C. 177,178 Magiera, A. 48 
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Hinterberger, F. 48 168,193 
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Holstein, B. R. 85 Ma1heiro, M. 71 
Ibald, R. 48 Martin, S. 187,191,193,194 
Indelicato, P. 53 Maschuw, R. 48 
Isermann, M. 183 Mayer-Kuckuk, T. 48 
Ivanov, I. 106 Meier, H. 125 
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